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Executive Summary

The West Holland River occupies 354 km? of lands
immediately to the southwest of the tip of Lake
Simcoe’s Cook’s Bay. Originating on the Oak Ridges
Moraine, the headwaters of the subwatershed flow
through mainly forested and agricultural areas before
entering the Holland Marsh. The system then flows
past the Town of Bradford, and then past forested and
agricultural areas before discharging into the lake. The
subwatershed supports some of Ontario’s most
productive vegetable farming operations. Many of
these are found in the Holland Marsh polder, a former
wetland area that has been drained, with water levels
that are carefully controlled by a series of canals and
pumping stations. The subwatershed jurisdiction is
shared by York Region and Simcoe County. The
municipalities that fall within its boundaries are King
(including the communities of Schomberg, Lloydtown, Kettleby, and Snowball), Caledon, New
Tecumseth, Bradford West Gwillimbury, and Newmarket.

The land within the West Holland River
subwatershed provides a number of benefits
to the river, to Lake Simcoe, and to its
residents and visitors. A breakdown of land
use is shown to the left. Thirty-one percent of
the subwatershed area is occupied by
natural areas which absorb rain and snow
melt, maintain groundwater levels and
baseflow, help to prevent flooding and
erosion, and improve water quality. These
areas also provide habitat for a wide variety
of species, as well as numerous nature-
based recreation opportunities. In addition,
the West Holland’s agricultural areas, which
occupy 57% of the subwatershed, provide a

Land use breakdown for the West Holland close-to-market supply of fresh vegetables,

subwatershed as well as opportunities for infiltration. The

West Holland’s natural features and

greenspaces provide its urban residents with the connection with nature that many of them
value. In a study undertaken to estimate the value of the services provided by the
subwatershed’s ecosystem, it was found that it would cost over $90 million to replace these
natural services with man-made solutions. Given the immense intrinsic and monetary value of
the subwatershed’s features, the completion of this subwatershed plan is an important step in
ensuring that these services continue to be performed economically, while balancing the other
demands on the subwatershed such as urban growth, agriculture, industrial, and recreational
uses in a truly integrated fashion.

Aerial view of the Holland Marsh polder
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In spite of the benefits provided by its natural areas, the West Holland River is showing signs of
stress from some of its land uses. For example, in both the 2008 Watershed Report Card and

2009 Report Card Update, the West Holland River received a ‘D’ for phosphorus concentration,
with the highest average concentration in the Lake Simcoe watershed, of those systems where



monitoring occurs. The amount of forest cover, interior habitat and riparian buffers are also less
than what would be expected in a healthy system, and the fish and benthic invertebrate
communities are also showing signs of stress. Much of this state can be attributed to the very
large extent of agricultural land use in the subwatershed, as well as several urban areas located
within the system. Impacts from the agricultural areas include the removal of riparian vegetation;
the input of sediment-laden sediment which impacts both water quality and the habitat of fish
and benthic invertebrates; the use of large volumes of water for irrigation, and the changes to
the hydrology of the system by the artificially maintained polder system; channelization; and the
rapid conveyance of stormwater directly to area watercourses by tile drainage. In the West
Holland’s urban areas, impacts from the high level of impervious surfaces include decreased
infiltration of rain and melt water, which can result in low groundwater levels and reduced
baseflow in area watercourses; impacts to water quality as contaminants are carried with
stormwater runoff; instability and erosion of streambanks; effects on stream habitat such as
sediment deposition or disruption of natural riffle-pool sequences, resulting in changes to the
composition of aquatic communities; and impacts on biodiversity. These impacts can be
particularly detrimental in those areas of the subwatershed that lack stormwater controls. In
addition, there are issues associated with other activities in the subwatershed such as
recreation and industrial uses, including water consumption, the introduction of invasive
species, and the input of nutrients and other contaminants into area watercourses. The
cumulative effects of these activities have caused the West Holland to become one of the most
stressed subwatersheds in the Lake Simcoe watershed, and one of the largest contributors to
Lake Simcoe’s phosphorus loads.

There have been numerous successes in improving
the conditions in the West Holland River
subwatershed. Initiatives such as the completion of
streambank erosion control projects, tree plantings,
establishment of riparian vegetation (see photos at
left), and other BMPs will help to improve conditions
with respect to bank stability, water quality and
gquantity, and aquatic and terrestrial natural heritage
in the subwatershed.

The West Holland subwatershed is scheduled to
experience some growth in the coming years. The
Provincial Places to Grow Plan identifies that
population and employment growth will occur in the
Lake Simcoe watershed. Provincial growth forecasts
have been allocated to all municipalities in York
Region, as well as to a number of municipalities in
Simcoe County. According to the Town of Bradford
West Gwillimbury Official Plan (2002 consolidation)
the population is expected to increased from 24,000
residents (2006 census) to close to 48,000 by 2026.
The population of King Township is also expected to
grow by approximately 15,000 residents (York
Region draft Official Plan, 2009). Along with the
housing that will have to be built to accommodate
these new subwatershed residents, new
employment lands, shopping centres, and schools will also be required to meet their needs. In
addition to the above, in order to service these increases in population and employment, critical
municipal infrastructure projects, including roads, municipal sewers and treatment facilities and

Before (top) and after (bottom) a riparian
planting project in the Holland Marsh



water supply systems will also need to be built, maintained, and expanded in the subwatershed.
This will result in increased levels of impervious surfaces and its associated impacts, combined
with a reduction in the natural features that help to mitigate these impacts. These changes, as
well as the unknown impacts that climate change may bring to the subwatershed, will have a
significant effect on the health of the subwatershed if measures are not taken to mitigate them.

To build on the successes of the projects initiated so far, and to mitigate impacts of the changes
that are to come, a comprehensive, integrated subwatershed plan is needed for the West
Holland River subwatershed. The plan that follows is intended to provide the blueprint for the
conservation authority, the municipalities, and subwatershed stakeholders to move forward and
continue the important work that has been completed in order to mitigate the impacts of land
use changes and improve conditions in the subwatershed. It includes chapters dedicated to
each of five subwatershed parameters, these being water quality, water quantity, aquatic
habitat, fluvial geomorphology and terrestrial natural heritage, although it is acknowledged that
all of these parameters are related and certainly interact with each other. Each chapter is
loosely structured around a state-pressure- response framework, in that each chapter firstly
describes the current condition (state), secondly describes the stressors likely leading to the
current condition(pressure), and finally recommends management responses in the context of
the current management framework (response) (See text box below).



1) Subwatershed
Condition.

2) Subwalershed
Siressors.

5) Management
Racommeandations
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Plan section:

1) Subwatershed Condition: Describes and analyzes the current state or condition of
the subwatershed feature based on the best available data and information. This
assessment is based on monitoring data, model output, surveys etc.

Subwatershed Stressors: Uses the best available information to identify and quantify
the factors affecting the current condition of the watershed. For example, describing
phosphorus loads from different land use activities.

Current Management: Establishes the relationship of the subwatershed plan to other
legislation and planning documents;

Management needs: |dentifies areas within the current management framework
where improvements within this plan may be able to have greatest impact i.e. gaps or
opportunities for the subwatershed plan to act upon.

Management recommendations: outlines resource management goals and
objectives; as well as options for protection, rehabilitation, and enhancement of
conditions in the subwatershed.

The management responses (high level recommendations) fall into eight broad categories,
these being:

A. Planning and Policy

Use of Better Management Practices

Changing the Way Things Are Done ‘On the Ground’
Applied Research and Science

Monitoring (Surveillance, Compliance, and Reporting)
Management, Rehabilitation, and Restoration

Adaptive Response (Climate, Social, Political)
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Communications



From these recommendations fall a number of detailed recommendations, the implementation
of which will help to meet the plan’s goals and objectives. These detailed recommendations will
form the implementation plan, a document which will assign responsibilities, develop timelines,
estimate costs, and set priorities for undertaking the actions that will need to be taken in the
West Holland subwatershed. Input from the subwatershed municipalities, conservation authority
staff, stakeholders and members of the public will be incorporated through the process of
developing the implementation plan. Implementing the recommended actions of this plan is a
huge undertaking with respect to both the funding and human resources that will be needed,
and will require assistance from all of these subwatershed partners.

Undertaking the actions outlined in the implementation plan will help to protect the existing
natural resources, facilitate informed planning decisions, and improve the efficiency of the
development review process. An over-arching concept to keep in mind throughout the
subwatershed planning process is that it is far more beneficial, both financially and ecologically,
to protect resources from degradation than to rehabilitate them once they have been damaged.
These plans support this concept, and provide alternatives for instances where it may not be
possible to maintain the West Holland’s resources in their natural state.

The implementation plan will identify actions to
be undertaken in both the short and the long
term. However, the subwatershed plan will be
reviewed on a regular basis as part of the
adaptive management framework to ensure the
effectiveness of the actions being undertaken.
Depending on the state of the subwatershed,
the subwatershed and implementation plan
may be updated at that point in order to
incorporate the most up to date information on
the subwatershed state and to incorporate any
new tools, technologies, and practices that may
be used. By undertaking these regular
evaluations and updates, the partners can
ensure that all of the necessary steps are being
taken in order to achieve the goal of a healthy
West Holland River subwatershed.

Participation from subwatershed stakeholders will
be important for developing the implementation
plan
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1 Approach and Management Setting

1.1 Introduction

The West Holland River subwatershed, which occupies 35,409 ha of lands immediately to the
southwest of the tip of Lake Simcoe’s Cook’s Bay, supports a wide variety of land uses,
including some of southern Ontario’s most productive vegetable farming operations, which are
contained on the Holland Marsh. The subwatershed is shared by the Regional Municipality of
York and Simcoe County, with a very small portion of Peel Region in the southwest. The
Townships of King, Caledon, New Tecumseth, Bradford West Gwillimbury, and part of the Town
of Newmarket lie within the subwatershed.

The headwaters of the West Holland River originate on the Oak Ridges Moraine, flowing
through mainly forested and agricultural lands. The agricultural area of the Holland Marsh is in
the centre of the subwatershed, just upstream of the West Holland’s major urban area, the
Town of Bradford. As it flows toward the confluence with the East Holland River and ultimately
the mouth of the Holland River in Cook’s Bay, there is more natural cover, with forests and
wetlands, as well as some agriculture.

The land uses in the subwatershed have had considerable impacts. Water quality and quantity
have deteriorated due to the inputs of harmful substances from both urban and rural areas and
because of the increasing amount of impervious area in this rapidly urbanizing watershed.

In order to mitigate the impacts of land use changes in a subwatershed, and to prevent future
impacts, subwatershed plans are developed. These plans provide a framework for the
implementation of remedial activities and a focus for community action. More importantly, they
prevent further serious degradation to the existing environment and can reduce the need for
expensive rehabilitation efforts. Subwatershed plans provide a framework within which
sustainable development can occur.

As part of the requirements through the Oak Ridges Moraine Conservation Act and
Conservation Plan Regulation (ORMCP, O.Reg. 140/02), all municipalities with subwatersheds
originating on the Oak Ridges Moraine (ORM) are required to develop a subwatershed plan for
each. York Region has commissioned the Lake Simcoe Region Conservation Authority to
complete these plans for their subwatersheds. The four York Region subwatersheds that
originate on the ORM are the West and East Holland Rivers, Maskinonge River, and the Black
River. The watershed planning requirements of the Act and Conservation Plan Regulation
represent an opportunity to strengthen a long established watershed management partnership
between the Regional Municipality of York and its two conservation authorities. York Region has
gone beyond their requirements under the ORMCP with the development of these
subwatershed plans for the entire subwatershed area, not just the portion that lies on the Oak
Ridges Moraine.

1.2 West Holland River Subwatershed Planning Process

1.2.1 Oak Ridges Moraine Conservation Plan

The Oak Ridges Moraine Conservation Plan was developed in 2001, and is an ecologically
based plan that provides land use and resource management direction for the 190,000 hectares
of land and water that fall on the Oak Ridges Moraine (ORM), 11,363 ha of which falls within the
West Holland River subwatershed. The ORM is one of Ontario’s most significant landforms. It
stretches from the Trent River in the east to the Niagara Escarpment in the west and divides the
subwatersheds draining south into Lake Ontario from the subwatersheds draining north to Lake



Simcoe. It has a unique concentration of environmental, geological, and hydrological features
that make its ecosystem vital to south-central Ontario, including:

e Clean and abundant water sources

e Healthy and diverse plant and animal habitat

e An attractive and distinct landscape

e Prime agricultural areas

e Sand and gravel resources close to market (MMAH, 2002).

Because of its location across the Greater Toronto Area, the ORM is under increasing pressure
for new residential, commercial, industrial, and recreational uses which compete with the
present natural environment. The Oak Ridges Moraine Conservation Plan provides land use
and resource management planning direction to provincial ministers, ministries, and agencies,
municipalities, municipal planning authorities, landowners and other stakeholders on how to
protect the Moraine's ecological and hydrological features and functions.

1.2.2 Subwatershed Planning Context

This subwatershed plan has been written firstly to comply with the requirements under the
ORMCP. However there are other documents that have influenced and fed into the
development of this plan and its recommendations. The LSRCA'’s Integrated Watershed
Management Plan (2008) and the Province’s Lake Simcoe Protection Plan (2009) are the two
main documents aside from the ORMCP that have guided this plan’s development.

The Integrated Watershed Management Plan, released by the Lake Simcoe Region
Conservation Authority in 2008, was intended to be a roadmap to provide future direction for the
protection and rehabilitation of the Lake Simcoe watershed ecosystem. Its broad-scale
recommendations for the Lake Simcoe watershed provided the basis for a number of this plan’s
recommended actions for the smaller scale West Holland River subwatershed; these two
reports are meant to complement each other.

The Lake Simcoe Protection Plan, released by the Province in 2009, aims to be a
comprehensive plan to protect and restore the ecological health of the lake and its
subwatershed. Its priorities include restoring the health of aquatic life, improving water quality,
maintaining water quantity, improving ecosystem health by protecting and rehabilitating
important areas, and addressing the impacts of invasive species, climate change, and
recreational activities. This subwatershed plan aims to be consistent with the themes and
policies of the Lake Simcoe Protection Plan to ensure a consistent approach is being taken by
all of the partners toward improving watershed health.

This subwatershed plan also aims to complement and be supportive of the policies of the
applicable upper tier municipal official plans and the related municipal programs that strive to
achieve similar outcomes related to subwatershed health.

Figure 1-1 depicts the relationship between this subwatershed plan and the documents that
have guided and contributed to its development. It also depicts the implementation plan, which
will provide details of a plan to undertake the recommended actions.
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Figure 1-1 Subwatershed planning context

1.2.3 Subwatershed Planning Process

The Lake Simcoe Region Conservation Authority (LSRCA) has adopted a holistic approach to
completing subwatershed plans to ensure compliance with ORMCP instead of managing one
subwatershed at a time. This method ensures the completion of a comprehensive and
consistent ORMCP watershed plan while maximizing efficiencies and funding. It also provides a
one window approach for broader public consultation and the future development or policies
and land use designations.

The initial focus of the subwatershed planning exercise has involved the completion and
summarization of subwatershed characterization work. It also involved the development of water
quality, quantity, aquatic, and terrestrial habitat models to assess the environmental impacts
associated with potential changes in the landscape. This important information is then
incorporated into the process of formulating management options and recommendations for the
subwatershed plans.

The ecosystem approach to environmental management takes into consideration all of the
components of the environment. These components include the movement of water through the
system, the land use, climate, geology, and all of the species that comprise the community living
in the system. These ecosystem components are all intricately related, and changes in any can
have significant effects on the others.

To manage natural resources using an ecosystem approach it is essential to establish
biophysical boundaries. In the Lake Simcoe watershed, the subwatersheds or river systems that
drain into the lake have been identified as the best “fit” for the implementation of an ecosystem
study because they are virtually self-contained water-based ecosystems (OMOE and OMNR,
1993). Watersheds are defined as the area of land drained by a watercourse and, subsequently,
the land draining to a tributary of the main watercourse (Lake Simcoe is the “main watercourse”



in this case) is called a subwatershed. Watershed processes are controlled by the hydrologic
cycle (Figure 1-2). The movement of water influences topography, climate, and life cycles. It is
due to this connectivity that any change within the watershed will impact other parts of the
subwatershed.
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Figure 1-2 The hydrologic cycle (image courtesy: Conservation Ontario)

1.3 Current Management Framework

In addition to meeting the requirements of the ORMCP, the goals and management
recommendations offered in this plan have been developed in context of the other existing
legislation and their associated plans and policies. There are many regulations related to the
protection and restoration of Lake Simcoe and its subwatersheds, and obviously each of these
acts and associated plans differ, although in some cases policies do overlap. The manner in
which regulations differ include: (1) the number and types of watershed activity they have
authority over. For example some regulations have a very broad mandate, regulating many
activities (e.g. the Greenbelt Plan) while others are very specific (e.g. The Endangered Species
Act); (2) the legal effect of policies they contain—policies fall into two broad categories, those
legally requiring conformity, and those with no legal requirement but stating the need to “have
regard for”; (3) the geographic area they represent—-most cover the entire Lake Simcoe basin,
however the Greenbelt Act and the ORMCP have defined geographic boundaries which do not
follow subwatershed boundaries; and (4) the degree of implementation—many aspects of more
recent legislation such as the Lake Simcoe Protection Plan still need to be acted upon. Each
chapter of this subwatershed plan provides a more detailed assessment of the legislation and
associated polices related to that particular subwatershed feature (e.g. water quantity or aquatic
habitat).



The key pieces of legislation, regulations and plans that form the planning framework in the
subwatershed are described below. This is not a comprehensive list of all of the pieces that
apply in the subwatershed, but rather those that are most influential of environmental conditions
in the area.

1.3.1 Oak Ridges Moraine Conservation Plan

The province of Ontario developed the Oak Ridges Moraine Conservation Plan (ORMCP) in
2002, after recognizing the vital importance of this feature to southern Ontario and the intense
pressure that was being placed on it. The authority to establish the ORMCP comes from the
Oak Ridges Moraine Conservation Act (2001), which established objectives for the plan.

The ORMCP is an ecologically-based plan that was established to provide land use and
resource management direction for the land and water within the Moraine. The government’s
vision for the Oak Ridges Moraine is that of “a continuous band of green, rolling hills that
provides form and structure to south-central Ontario, while protecting the ecological and
hydrological features and functions that support the health and well-being of the region’s
residents and ecosystems”. To achieve this vision, the ORMCP sets out a number of objectives:

a) protecting the ecological and hydrological integrity of the Oak Ridges Moraine Area;

b) ensuring that only land and resource uses that maintain, improve or restore the
ecological and hydrological functions of the Oak Ridges Moraine Area are permitted;

€) maintaining, improving or restoring all the elements that contribute to the ecological and
hydrological functions of the Oak Ridges Moraine Area, including the quality and quantity
of its water and its other resources;

d) ensuring that the Oak Ridges Moraine Area is maintained as a continuous natural
landform and environment for the benefit of present and future generations;

e) providing for land and resource uses and development that are compatible with the other
objectives of the plan;

f) providing for continued development within existing urban settlement areas and
recognizing existing rural settlements;

g) providing for a continuous recreational trail through the Oak Ridges Moraine Area that is
accessible to all including persons with disabilities;

h) providing for other public recreational access to the Oak Ridges Moraine Area; and
i) any other prescribed objectives.

The ORMCP contains four land use designations: Natural Core Areas, Natural Linkage Areas,
Countryside Areas, and Settlement Areas.

Natural Core Areas — the protection of these lands, which contain the greatest concentrations of
key natural heritage features, is vital to maintaining the integrity of the Moraine. Aside from
existing uses, the only uses that will be permitted in these areas are resource management,
agriculture, low intensity recreation, home businesses, transportation and utilities.

Natural Linkage Areas — these protect natural and open space linkages between the Natural
Core Areas and along rivers and streams. The uses permitted in the Natural Core Areas are
also permitted in Natural Linkage Areas, as are some aggregate resource operations.

Countryside Areas — these areas are intended to provide an agricultural and rural transition and
buffer between the Natural Core and Linkage Areas and Settlement Areas. Prime agricultural
areas and natural features are protected.



Settlement Areas — these include existing communities; urban uses and development as set out
in municipal official plans are allowed.

The policies of the ORMCP provide protection for key natural heritage features and
hydrologically sensitive features throughout the plan area

The Oak Ridges Moraine Conservation Act, 2001 directs municipalities to bring their Official
Plans into conformity with the ORMCP and to ensure that the planning decisions they make
conform to the Plan. The policies include:

e Strict limitations on the activities that can be undertaken in Natural Core and Natural
Linkage Areas

o Protecting key natural heritage features and hydrologically sensitive features by setting out
minimum vegetation protection zones and minimum areas of influence around the features.
Most activities are not permitted in minimum vegetation protection zones, and applicants are
required to demonstrate that activities within the minimum area of influence will have no
negative impact on the feature

e Requiring planning, design and construction practices that will maintain, improve, or restore
the health, diversity, size, and connectivity of features on the moraine for developments
adjacent to these features

¢ Municipalities are required to develop subwatershed plans (i.e. this plan) for river systems
originating on the Moraine, including a water budget and conservation plan, land and water
use and management strategies

e The protection of water quality and quantity

e Protection for landform conservation areas (such as steep slopes, kames, kettles, ravines,
and ridges)

This subwatershed plan will satisfy the requirements of the ORMCP for both watershed planning
(Section 24) and water budgets and conservation plans (Section 25).

1.3.2 Greenbelt Plan

Faced with intense growth pressures on the Greater Golden Horseshoe and its potential
impacts to this area’s rural and environmental resources, the Province created the Greenbelt
Act in 2005. This Act authorizes the Lieutenant Governor in Council, by Regulation, to designate
an area of land as the Greenbelt Area, and to establish a Greenbelt Plan for all or part of the
Greenbelt Area. The Plan describes the Greenbelt as a broad band of permanently protected
land which:

e Protects against the loss and fragmentation of the agricultural land base and supports
agriculture as the predominant land use

e Gives permanent protection to the natural heritage and water resource systems that sustain
ecological and human health and that form the environmental framework around which
major urbanization in south-central Ontario will be organized; and

e Provides for a diverse range of economic and social activities associated with rural
communities, agriculture, tourism, recreation and resource uses.

The Greenbelt includes lands within, and builds upon the ecological protection provided by, the
Oak Ridges Moraine Conservation Plan.



The Plan identifies goals for the Protected Countryside area of the Greenbelt around
Agricultural Protection; Environmental Protection; Culture, Recreation and Tourism; Settlement
Areas; and Infrastructure and Natural Resources. The Environmental Protection goals are the
most applicable to this subwatershed plan, and include:

e Protection, maintenance and enhancement of natural heritage, hydrologic and landform
features and functions, including protection of habitat for flora and fauna and particularly
species at risk;

e Protection and restoration of natural and open space connections between the Oak Ridges
Moraine, the Niagara Escarpment, Lake Ontario, Lake Simcoe and the major river valley
lands, while also maintaining connections to the broader natural systems of southern
Ontario beyond the Greater Golden Horseshoe;

e Protection, improvement or restoration of the quality and quantity of groundwater and
surface water and the hydrological integrity of watersheds; and

e Provision of long-term guidance for the management of natural heritage and water
resources when contemplating matters including development and private or public
stewardship programs

The Greenbelt Plan delineates a number of policy areas within the Protected Countryside, these
are an agricultural system, which is comprised of specialty crop areas, prime agricultural areas,
and rural areas; the Natural System, which contains the Natural Heritage System, Water
Resource System, and key natural heritage features and key hydrologic features; and
Settlement Areas, which are comprised of Towns/Villages and Hamlets.

Palicies for the Natural System protect areas of natural heritage, hydrologic and/or landform
features, which are often functionally inter-related and which collectively support biodiversity
and overall ecological integrity of the system. These policies:

e Restrict the land uses that can be undertaken within key natural heritage and hydrologic
features

¢ Protect important features from the impacts of development and site alteration and
encourage improvement or restoration of features wherever possible

e Promote connectivity between features

e Protect, improve or restore the quality and quantity of water

1.3.3 Lake Simcoe Protection Plan

As part of the Ontario government’s overall strategy to protect and restore the ecological health
of the Lake Simcoe watershed, the Lake Simcoe Protection Act was introduced and passed by
the legislature in 2008, receiving Royal Assent in December of that year. This Act provides
authority for the establishment of and amendments to a Lake Simcoe Protection Plan. The Lake
Simcoe Protection Plan, which was released in June 2009, contains a wide variety of objectives
to achieve their vision of a healthy lake with healthy communities and people as well as a
healthy economy. These objectives, as set out in the Lake Simcoe Protection Act, include:

e protecting, improving or restore the elements that contribute to the ecological health of the
watershed, including water quality, hydrology, key natural heritage features and their
functions, and key hydrologic features and their functions;

e restoring a self-sustaining coldwater community in the lake;



¢ reducing loads of phosphorus and other nutrients of concern and reducing the discharge of
pollutants;

e responding to the effects of invasive species and, wherever possible, preventing their
introduction into the watershed;

e providing for ongoing research and monitoring in the watershed;

e improving conditions for environmentally sustainable recreation activities, and promoting
these activities; and

¢ building on the protections offered by existing legislation in the watershed.

The Plan contains policies related to a number of critical issues: restoring the health of aquatic
life in the watershed; improving water quality, maintaining water quantity; improving the health of
the ecosystem by protecting and rehabilitating important areas such as shorelines and natural
heritage; and addressing the impacts of invasive species, climate change, and recreational
activities. The Plan takes a subwatershed approach to the activities that will need to be
undertaken to improve conditions in the watershed. This approach will help to determine
priorities in different areas of the watershed, depending on the conditions and issues in each
subwatershed.

In addition to prescribing the development of the Lake Simcoe Protection Plan, the Lake Simcoe
Protection Act established two advisory committees, the Lake Simcoe Science Committee and
the Lake Simcoe Coordinating Committee, to facilitate the development and implementation of
the Lake Simcoe Protection Plan.

The Lake Simcoe Science Committee, which is composed of scientific experts in watershed
protection issues, is responsible for reviewing the environmental conditions of the watershed
and to advise on the ecological health of the Lake Simcoe watershed and the current and
potential threats to the ecological health, as well as to identify the scientific research that should
be undertaken to support the implementation of the Plan. This committee may also be asked to
advise on the design and implementation of monitoring programs to track whether the Plan is
meeting its objects; proposed amendments to the Plan; and proposed regulations made under
the Lake Simcoe Protection Act.

The functions of the Lake Simcoe Coordinating Committee will include:

e Providing advice to the Minister on Plan implementation and any issues or problems related
to Plan implementation

¢ Providing advice to the Minister on the types of measures that could be taken to deal with
threats to the ecological health of the watershed

e Assisting in monitoring progress on Plan implementation.

This committee will be comprised of representatives from across the watershed, including
representatives from municipalities, Aboriginal communities, the LSRCA, the Province, the
agricultural, commercial and industrial sectors, interest groups, environmental organizations,
and the public.

1.3.4 Provincial Policy Statement

The Provincial Policy Statement (PPS), issued under the authority of Section 3 of the Planning
Act (1990), provides direction on matters of provincial interest related to land use planning and
development, and promotes the provincial “policy-led” planning system. The PPS recognizes

the complex inter-relationships among economic, environmental and social factors in planning



and embodies good planning principles. It includes policies on key issues including the efficient
use and management of land and infrastructure; protection of the environment and resources;
and ensuring appropriate opportunities for employment and residential development, including
support for a mix of uses.

The PPS was updated in 2005, with the intent of providing strong, clear policy direction on land-
use planning to promote strong communities, a clean and healthy environment, and a strong
economy.

1.3.5 Nutrient Management Act

The Nutrient Management Act (NMA), approved by the Ontario legislature in 2002, was
developed by the Ministries of the Environment and Agriculture and Food and Rural Affairs as
part of the provincial government’'s Clean Water Program. Its intent is to provide for the
management of materials containing nutrients in ways that will enhance the protection of the
natural environment and provide a sustainable future for agricultural operations and rural
development. The NMA specifies requirements for the development of Nutrient Management
Plans or Strategies for farms that generate and/or store over 300 ‘nutrient units’ of manure.
These plans include information on how and where the manure is stored, how it is applied, as
well as contingency plans for issues that may arise, such as inclement weather preventing the
spreading of manure on fields. The implementation of these plans will help to protect water
guality from contamination from nutrients, particularly phosphorus, as well as bacteria such as
E. coli.

1.3.6 Environmental Protection Act

The purpose of the Environmental Protection Act (EPA), approved by the Ontario legislature in
1990, is to provide for the protection and conservation of the natural environment. The EPA
contains policies and restrictions around the discharge of contaminants and pollution, and the
management of waste and litter. It gives the Ministry of the Environment a number of powers,
such as requiring an operation to have in place equipment and/or controls in order to prevent
the release of contaminants or minimize the impacts from such a release, and issuing control
orders in the case of a release of a contaminant in levels above that specified by the
regulations.

1.3.7 Ontario Water Resources Act

The purpose of this Act is to provide for the conservation, protection and management of
Ontario’s waters and for their efficient and sustainable use, in order to promote Ontario’s long-
term environmental, social and economic well-being. This is accomplished through policies
around activities including the construction of wells, stormwater and sewage works, preventing
the impairment of water quality, water takings, and water transfers. It is through this Act that the
Ministry of the Environment issues Permits to Take Water for non-domestic water takings over
50,000 L/day and Certificates of Approval for stormwater management facilities and sewage
treatment plants.

1.3.8 Growth Plan for the Greater Golden Horseshoe

The Growth Plan for the Greater Golden Horseshoe was prepared under the Places to Grow Act
(2005). The Growth Plan provides a framework for implementing the government of Ontario’s
vision for building stronger, prosperous communities by better managing growth in the Greater
Golden Horseshoe to 2031. The Growth Plan is aimed at avoiding the negative aspects of
growth, such as deteriorating air and water quality and the disappearance of agricultural lands
and natural resources. The plan provides improvements in the ways in which our urban areas



will grow over the long term, and guides decisions on a wide range of issues such as
transportation and infrastructure planning, land-use planning, urban form, and natural heritage
and resource protection, all in the interest of promoting economic prosperity.

The Growth Plan builds on the Greenbelt Plan, Planning Act reform and the PPS. It works within
the existing planning framework to provide growth management policy direction for the area.

This plan seeks to address the challenges of urban sprawl through policy directions that:

e direct growth to built-up areas;

e promote transit supportive densities and community infrastructure to support growth;

e ensuring sustainable water and wastewater services are available to support future growth;

o identify natural systems and prime agricultural areas, and enhance the conservation of
these resources; and

e supports the protection and conservation of water, energy, air, and cultural heritage, as well
as integrated approaches to waste management.

The Guiding Principles of the Growth Plan are to:
e Build compact, vibrant and complete communities
¢ Plan and manage growth to support a strong and competitive economy

e Protect, conserve, enhance and wisely use the valuable natural resources of land, air and
water for current and future generations

e Optimize the use of existing and new infrastructure to support growth in a compact, efficient
form

e Provide for different approaches to managing growth that recognize the diversity of
communities in the GGH

¢ Promote collaboration among all sectors — government, private and non-profit —and
residents to achieve the vision.

1.3.9 Clean Water Act

The Clean Water Act (CWA), approved by the Ontario legislature in 2006, was developed to
protect drinking water at its source, as part of the Province’s overall commitment to safeguard
human health and the environment. It was established to implement the recommendations of
the Walkerton Inquiry, in which Justice Dennis O’Connor set out the concept of a multi-barrier
approach to safe drinking water. The protection of sources of drinking water in the lakes, rivers
and underground aquifers of Ontario comprises the first barrier. Source protection complements
the other components of the multi-barrier approach, which include effective water treatment,
secure distribution systems, monitoring programs, and responses to adverse test results, by
reducing the risk that water is contaminated in the first place.

This Act is being implemented on a watershed scale, with most areas using existing
conservation authority boundaries. The LSRCA is leading the initiative for the South Georgian
Bay Lake Simcoe Source Protection planning region. The Source Protection process involves
four stages:

e Stage 1: establishing source protection authorities and committees, and negotiating a terms
of reference
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e Stage 2: conducting an identification and assessment of the threats to drinking water in the
source protection region and preparing an assessment report

e Stage 3: the preparation of a source protection plan, which will include policies to address
significant threats to drinking water

e Stage 4: implementation of the source protection plans, including inspection and
enforcement of the plan’s policies, monitoring and reporting on progress, and reviewing the
plan

It is expected that the process will be completed in 2012.

1.3.10 Endangered Species Act

The Endangered Species Act was approved by the Ontario legislature in 2007 and came into
effect in 2008. This Act provides protection to Ontario’s species at risk — those identified on the
Species at Risk in Ontario list as extirpated, endangered, threatened or special concern. The
Act recognizes the ecological, social, economic, cultural and intrinsic value of biodiversity, and
that it is often human activities that put these species at risk. The Act provides protection to the
species and their habitats, and also requires the development of recovery strategies once a
species has been identified as being at risk. The implementation of these recovery strategies
will help to protect the important habitats of these species, and enhance biodiversity in the
subwatershed.

1.3.11 Fisheries Act

The Fisheries Act is a piece of federal legislation that dates back to confederation; it was
established to manage and protect Canada’s fisheries resources. The Act applies to all inland
waters, and supersedes any provincial legislation.

The Fisheries Act contains a number of policies related to the protection and preservation of fish
habitat, the most important of these being Section 35, a general prohibition of the harmful
alteration, disruption or destruction of fish habitat, unless an authorization is issued. Under a
Level Il agreement between the LSRCA and Fisheries and Oceans Canada, LSRCA is
responsible for reviewing applications and administering authorizations within the Lake Simcoe
basin.

Under the Act, fish habitat includes “spawning grounds and nursery, rearing, food supply, and
migration areas on which fish depend directly or indirectly to carry out their life processes.” In
order to protect fish habitat there is a hierarchy of management options including (in order of
preference) relocation of the project, redesign, mitigation of the impact, and finally habitat
compensation. Applicants must pursue location and design options which will avoid impacts to
fish habitat before authorizations will be considered.

1.3.12 Conservation Authorities Act and the Role of the LSRCA

Delegated Responsibility to Represent Provincial Interest in Natural Hazards

Conservation Authorities (CAs) have delegated responsibilities to represent provincial interests
regarding natural hazards encompassed by Section 3.1 of the Provincial Policy Statement, 2005
(PPS, 2005). These delegated responsibilities require CAs to review and provide comments on
policy documents (Official Plans and comprehensive zoning by-laws) and applications submitted
pursuant to the Planning Act as part of the Provincial One-Window Plan Review Service. In
2001, Conservation Ontario, the organization representing Ontario’s 36 Conservation
Authorities, signed a Memorandum of Understanding with the Ministry of Natural Resources and
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the Ministry of Municipal Affairs and Housing that defined the roles of and responsibilities of
each agency with respect to delegated responsibilities for natural hazards.

Watershed Based Resource Management Agency

Conservation Authorities, as ‘public bodies’ pursuant to the Planning Act, are to be notified of
policy documents and planning and development applications as prescribed under the Act. CAs
may comment as per their mandate to the municipality/planning approval authority on these
documents and applications. In this role, the CA is responsible to represent its program and
policy interests as a watershed based resource management agency. In this regard, CAs
operating under the authority of the CA Act, and in conjunction with municipalities, develop
business plans, watershed plans and natural resource management plans within their
jurisdictions (watersheds). These plans may recommend specific approaches to land use and
resource planning and management that should be incorporated into municipal planning
documents and related development applications in order to be implemented.

Planning Advisory Service to Municipalities

CAs may perform a technical advisory role to municipalities, as determined under the terms of a
service agreement with participating municipalities which may include, but is not limited to,
matters related to the assessment or analysis of environmental impacts associated with
activities near or in the vicinity of sensitive natural features such as wetlands, river and stream
valleys, fish habitat or significant woodlands; hydrogeology and storm water studies; and, in
some cases, septic system reviews. By providing planning advisory services for the review of
Planning Act applications, Conservation Authorities and municipalities can ensure the
implementation of a comprehensive resource management program on a watershed basis.

The planning advisory service agreements allow the Conservation Authority the opportunity to
provide advice to the municipality on the interpretation of the Provincial Policy Statement (PPS).
With the exception of natural hazards for which Conservation Authorities have delegated
responsibility to represent the provincial interest, this advice is not represented as a “provincial
position”.

Regulatory Responsibilities

CA Act Regulations: In participating in the review of development applications under the
Planning Act, Conservation Authorities will (i) ensure that the applicant and municipal planning
authority are aware of the Section 28 regulations and requirements under the CA Act, and, (ii)
assist in the coordination of applications under the Planning Act and the CA Act to eliminate
unnecessary delay or duplication in the process.

LSRCA Watershed Development Policies

In order to protect the environmental integrity of the Lake Simcoe watershed to the extent of its
jurisdictional capabilities, which are granted through the provincial Conservation Authorities Act,
the LSRCA applies a number of Watershed Development Policies in reviewing applications for
development and site alteration. These policies include directing development away from areas
such as floodplains, wetlands, significant forests and valleylands, fish habitat, and a number of
other sensitive or hazardous features; requirements for reports/studies including environmental
impact studies, servicing plans, erosion and sediment control plans; buffer requirements for fish
habitat; requiring Enhanced “Level 1" stormwater treatment for all new developments; as well as
a number of others. The consistent application of these policies will ensure that important
environmental features are protected, and enable the conservation authority to strive for minimal
disturbance to the environment from development.
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Watershed Regulations

In May of 2006, the Province of Ontario approved Ontario Regulation 179/06 which was entitled
“Lake Simcoe Region Conservation Authority: Regulation of Development, Interference with
Wetlands and Alterations to Shorelines and Watercourses”. The format of this regulation was
established by the Province in the Generic Regulation which was approved in May of 2004. All
Conservation Authorities in Ontario were given two years (May 2004 to May 2006) to produce
regulations and associated mapping which would conform to the Generic Regulation. This
process involved extensive remapping of the entire Lake Simcoe watershed using 2002 air
photos and digital elevation models, development of a Draft Regulation and a series of five
public open houses throughout the watershed. The regulated areas for the West Holland River
subwatershed can be seen in Figure 1-2.

The intent of this regulation is twofold. Firstly, it is to protect features in the natural environment
such as wetlands (and associated buffer areas), watercourses and valley systems. Secondly, to
steer development away from hazard lands such as unstable slopes, flood plain, dynamic
beaches, meander belts and erosion prone areas.

The preservation or enhancement of natural features such as wetlands and watercourses is
important for the overall health of the watershed and significantly affects the quantity and quality
of storm water runoff. Wetlands act as giant sponges, absorbing precipitation and releasing it
over long periods of time, which helps to preserve base flow in creeks during periods of drought.
The natural water storage in wetlands also serves to reduce peak creek flows in downstream
areas. Natural watercourses with their vegetated flood plains and meandering channels help to
slow the rate of water flow and provide storage and thus dampening water flows and velocities
in the creek.

Hazardous lands such as unstable slopes, flood plain, dynamic beaches, meander belts, and
erosion prone areas are not suitable areas for new development. Many slopes in the watershed
are relatively unstable and triggers such as vegetation removal, concentrated surface drainage
or the construction of a house near the top of the slope is enough to cause slope failure. Flood
plains can be dangerous areas. A number of significant flood events occur in our watershed on
a yearly basis and the Regulation serves to tightly control the location and type of development
in or around flood plains. Dynamic beaches are currently not a large issue in the Lake Simcoe
watershed but if any are discovered in the future the Regulation serves to restrict development
in these areas. Meander belts and erosion prone areas are naturally hazardous areas adjacent
to watercourses and lakes that can also impact on land and structures. The Regulation controls
development within these areas and the Authority, through its Development Policies, ensures
that the necessary studies are completed to ensure that the development occurs in a safe
location.
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Figure 1-2 Areas regulated under O. Reg. 179/06
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Flood Forecasting and Warning

The Flood Warning and Forecasting Program is a key component of the Authority’s Watershed
Management program. It works in concert with the Authority’s regulations/planning program to
achieve the Provincial goal of reducing the loss of life and property damage caused through
flooding. The program is made up of two components; forecasting and warning.

Conservation authority staff utilize a number of parameters, including weather forecasts, stream
flow gauges, weather stations, surveys of snow conditions, and computer models to predict
whether a flood is likely to occur.

The warning component of the program follows the forecasting of stream flows and denotes the
procedures required to ensure that a forecast of potential flooding or expected flooding is
properly passed on to our flood clients to allow for appropriate response. The flood client base
for the Authority consists of the Municipalities and School Boards within our jurisdiction as well
as the media and police. There are three types of bulletins that a conservation authority will
issue:

Flood Safety Bulletin/Advisory - Informs the public and municipalities that the conservation
authority is assessing the flood potential.

Flood Advisory/Alert - Indicates the potential for flooding within specific watercourses or
municipalities.

Flood Warning - Warns that flooding is imminent or is occurring in specific watercourses or
municipalities.

1.3.13 York Region Official Plan

The York Region Official Plan is a document intended to provide guidance on growth and
development for the region as a whole, with high level policies pertaining to building a
sustainable region, under the broad headings of ‘A Sustainable Natural Environment’, ‘Healthy
Communities’, and ‘Economic Vitality;’ and also around growth management, with policies
pertaining to ‘Building Cities and Complete Communities’, ‘Agriculture and Rural Areas,’ and
‘Servicing [York Region’s] Population.” The plan’s policies are meant to guide decisions related
to these areas and manage growth within the region. They help to co-ordinate and set the stage
for more detailed planning by local municipalities.

With respect to the policies around a sustainable natural environment, the plan provides
direction on enhancing a linked Regional Greenlands System and the treatment of the
components that comprise the system, including key natural heritage features and key
hydrologic features, Oak Ridges Moraine and Greenbelt features, habitat of endangered,
threatened and special concern species, wetlands, significant woodlands, and landform
conservation features. The plan also provides policy direction on maintaining and enhancing
water system health in order to ensure water quality and quantity, and to maintain the natural
hydrologic function of water systems.

1.3.14 Simcoe County Official Plan

The Simcoe County OP is a broad policy document that is to be implemented through the
Official Plans of the 16 local municipalities that lie within the County boundaries. The goals
identified in the OP that relate to the subwatershed plan include:

e Protecting, conserving, and enhancing the County’s natural and cultural heritage

e The wise management and use of resources



¢ Growth management to achieve lifestyle quality and efficient and cost effective municipal
servicing, development and land use.

The OP’s strategy is based on four themes: the direction of most non resource related growth
and development to settlements; enabling and managing resource-based development; the
protection and enhancement of the County’s natural and cultural heritage, including water
resources; and the development of communities with diversified economic functions and
opportunities. The policies contained within the OP are meant to provide direction on matters of
growth and development and the protection of a county-wide Greenlands system to the local
municipalities.

There are a number of policies in the OP related to the protection of natural features and
functions. They provide definitive guidelines for development in and around wetlands, fish
habitat, and other sensitive and/or significant areas; directing local municipalities to map and
provide policies for the protection of natural heritage features or areas that may be of local
significance or that contribute to the County Greenland system; requiring stormwater reports for
most developments; encouraging the maintenance and restoration of natural heritage areas
within rural and agricultural lands; promoting development practices aimed at reducing the
impacts of development; and the protection of water resources.

1.3.15 Peel Region Official Plan (2008)

The Peel Region Official Plan takes a holistic approach to planning through an overarching
sustainable development framework that integrates environmental, social, economic, and
cultural imperatives. It provides regional council with long term regional strategic policy
framework for guiding growth and development in Peel while having regard for protecting the
environment, managing resources and outlining the regulatory structure that manages this
growth in the most effective and efficient manner. The OP’s environment “theme” describes
protecting, enhancing and fostering self sustaining regional, native biodiversity while reducing
and measuring the impact of development on the ecosystem based on an integrated systems
approach. In addition, under the environment “theme,” the OP aims to ensure that water
guantity and quality is protected or enhanced to meet ecosystem needs and for human uses.
Further, the region seeks to reduce greenhouse gas emissions and other pollutants while
promoting best practices in sustainable development.

The general goals of the OP include:

e Recognizing, respecting, preserving, restoring and enhancing the importance of
ecosystem features, functions and linkages and enhancing environmental well being of
air, water and land resources and living organisms

e Supporting growth and development which takes place in a sustainable manner and
which integrates the environmental, social, economical and cultural responsibilities of the
region and the province

The plan includes a number of policies to support these themes and goals, including the
description of a regional Greenlands system, and a number of policies to protect water quantity
and quality and to prevent land uses that would contribute to erosion and other impacts. The OP
is also in conformity with the ORMCP and the Greenbelt Plan, and therefore contains policies
that are consistent with these plans for the areas that fall within their geographic jurisdiction.

1.4 Recommended Actions for the West Holland River Subwatershed Plan

The following recommended actions were developed through the subwatershed planning
process, and are based on the analysis of subwatershed conditions, stressors, and
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management gaps that were identified through the process. These recommendations are
supported by a number of other, more detailed, recommended actions, which can be found in
Chapter 10 of this document. These detailed recommendations will form the basis of the
implementation plan, which will be developed following the completion of this plan.

The recommendations have been grouped into a number of categories in order to facilitate
clarity and consistency. These categories are:

A. Planning and Policy

B. Use of Better Management Practices

Changing the Way Things Are Done ‘On the Ground’
Applied Research and Science

Monitoring (Surveillance, Compliance, and Reporting)
Management, Rehabilitation, and Restoration

@ Mmoo

. Adaptive Response (Climate, Social, Political)

H. Communications

Planning & Policy

1)

2)

3)

4)

5)

6)

7)

8)

9)

That the municipal partners and the LSRCA strive to reduce the impacts of stormwater
through a number of methods including the implementation of policies and guidelines and
enabling the use of new and innovative technologies, retrofitting of existing development.

That the partner municipalities act to improve water quality by implementing measures to
prevent and/or mitigate impacts from septic systems, development, and other activities that
may cause impairment.

That the Province develop binding criteria for specific contaminants within the Lake Simcoe
watershed, as well as criteria for addressing emerging substances of concern

That the municipal partners and the LSRCA strive to maintain natural hydrologic conditions
on development sites

That the federal, provincial, and municipal governments, as well as the LSRCA, continue to
evaluate and implement planning initiatives and practices aimed at reducing the impact of
development on the condition of the West Holland subwatershed

That the value of the ecological goods and services (EGS) provided by ecological features
be considered in decision making around growth and development

That the rural/agricultural community be engaged in developing solutions for minimizing the
impacts of practices on their lands

That the municipal partners, the LSRCA, and the Province support a common framework
and develop and endorse policies and programs for the protection and enhancement of the
West Holland subwatershed’s natural heritage system and its functions

That the partners, including the municipalities, LSRCA, and the Province, seek to gain an
improved understanding of the natural heritage features of the West Holland subwatershed

10) That the Province, the municipal partners, and the LSRCA seek to gain an improved

understanding of the impacts of climate change in the West Holland River subwatershed,
incorporating this information into decision making scenarios and developing strategies to
mitigate and adapt to its impacts.

17



Use of Better Management Practices

11) That the LSRCA and its municipal partners continue working to mitigate the impacts of
stormwater to water quality and quantity through tracking its sources, completing stormwater
retrofits, promoting methods of minimizing stormwater volume, and continuing to research
new and innovative solutions to stormwater control and implementing these solutions where
appropriate.

12) That support for programs offered to assist rural landowners in implementing BMPs on their
properties, such as LSRCA’s LEAP program, be continued and/or expanded as resources
permit

13) That sectors that have the potential to have significant impacts on conditions in the West
Holland River subwatershed be expected to undertake BMPs and other activities to mitigate
their impacts, as required under the LSPP

14) That the LSRCA and the partner municipalities encourage the use of natural channel
designs and ‘soft solutions’ wherever possible for preventing or mitigating streambank
erosion and accommodating channel realignments; and that technical and financial
resources be made available for retrofitting where appropriate to undertake these activities.

15) That the LSRCA assist partner municipalities in reducing the risk of flooding in the West
Holland subwatershed

Changing the way things are done ‘on the ground’

16) That the LSRCA and its partner municipalities strive to maximize the infiltration of
stormwater where appropriate through development approvals and the use of practices and
technologies

17) That the partner municipalities, the LSRCA, and the related stakeholders work to reduce the
impacts of construction practices on the West Holland subwatershed’s water quality

18) That the partner municipalities continue to work to prevent the pollution of local
watercourses due to road maintenance activities (e.g. chloride levels, sediment,
phosphorus)

Applied Research and Science

19) That the Province, LSRCA and the municipal partners continue to work to identify sources
of phosphorus within the subwatershed in order to set targets and develop strategies and
solutions for reducing loads within the West Holland subwatershed

20) That all partners study the requirements for environmental flows within the West Holland
subwatershed, explore innovative solutions, and undertake works and practices where
possible in order to ensure adequate baseflow to support ecological function

21) That all partners continue to research techniques that may be undertaken in the
subwatershed for improving water quality

22) That the partners explore the subwatershed to determine where reductions in groundwater
discharge, excessive water takings and other impacts to aquatic habitat have occurred and
undertake activities to mitigate these impacts

23) That measures be taken at site level to reduce demands on water resources

24) That the partners (LSRCA, MNR, NRCAN, etc) undertake studies to enhance understanding
of natural heritage resources within the West Holland subwatershed in support of
management strategies related to unique and/or significant features
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25) That LSRCA and its partner municipalities assess the feasibility of increasing and/or
enhancing natural cover, and develop strategies to prioritize these undertakings in order to
achieve the greatest benefit to the subwatershed

26) That all partners cooperate to determine the presence and extent of invasive species in the
subwatershed, and work to prevent their establishment and spread

Monitoring

27) That the water quality monitoring program undertaken by the LSRCA be continued into the
future, with regular reviews to ensure that program goals are being met, and expanded as
resources permit to undertake special projects or enhance the understanding of conditions
in the subwatershed; with results to be reported on annually

28) That the LSRCA continue to undertake the aquatic monitoring program, with expansions to
the program in order to further understand conditions in the subwatershed; and cooperate
with partner agencies on additional initiatives as required

29) That the LSRCA, partner municipalities, and developers undertake efforts to minimize the
impacts of construction through the use of on-site practices aimed at protecting water
guality; and by conducting monitoring to ensure the effectiveness of these practices.

30) That the LSRCA assess the impacts of land use change on fluvial geomorphology in the
subwatershed.

31) That the amount of impervious area in the subwatershed be assessed on a regular basis by
the LSRCA and its partner municipalities.

32) That the LSRCA undertake regular updates to its Natural Heritage and Land Use mapping
to ensure the most up-to-date information is being used.

Management, Rehabilitation and Restoration

33) That the MNR, with the support of LSRCA and the partner municipalities, undertake
initiatives aimed at maintaining the health of the subwatershed'’s fish community. These
may include the development of fish community goals and objectives, fisheries management
plans, or other plans aimed at protecting the habitat of species at risk in applicable
catchments.

34) That the LSRCA and its partners continue monitoring the aquatic community and habitat in
the West Holland subwatershed, assessing the monitoring program on a regular basis and
undertaking targeted monitoring where appropriate to fill data gaps.

35) That the LSRCA, in conjunction with the town of Bradford West Gwillimbury, undertake a
study and prepare a report to gain a better understanding of the Holland Marsh and find
opportunities for reducing its impact.

36) That that LSRCA, in cooperation with its parther municipalities, prioritize and undertake
activities to improve and restore aquatic ecological functions within the subwatershed,
including barrier removal, natural channel design, restoring floodplain functions, and wetland
creation. This could include undertaking pilot/demonstration projects to assess the
feasibility of such works.

37) That the LSRCA continue to utilize buffer requirements and timing guidelines as tools to
protect aquatic resources, and that other activities such as stormwater retrofits, tree
planting, and habitat enhancement be undertaken to enhance aquatic habitat

38) That the LSRCA and the partner municipalities assess the feasibility of increasing natural
cover (e.g. woodland, streambank vegetation, interior forest, grassland) in the subwatershed
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and set priorities and develop plans to undertake this enhancement, based on overall
benefit to the subwatershed.

39) That the LSRCA identify opportunities for land securement of priority sites.

40) That the partner municipalities, in cooperation with the LSRCA, look to enhance existing
woodland areas through replacing plantation species with appropriate native species
through succession in order to provide higher quality habitat while maintaining the functions
that plantation areas perform. These include maintaining water quality, providing shelter,
encouraging infiltration and stabilizing soils.

41) That the LSRCA support the work of MNR and OFAH with respect to invasive species and
encourage the distribution of promotional materials.

42) That the partner municipalities adopt policies to encourage the use of native species,
particularly those drought tolerant species, through development approvals and property
management programs.

43) That the LSRCA continue to undertake stewardship initiatives, priority areas for which may
be identified through Phase Il of LSRCA'’s Natural Heritage System.

44) That the LSRCA request the Ministry of Natural Resources to undertake the development of
watershed rare lists and protection policies for species at risk in the subwatershed.

45) That LSRCA and its municipal partners investigate initiatives to improve the long term
benefit and environmental sustainability of public properties and facilities.

46) That the LSRCA, the partner municipalities, and developers work to identify opportunities for
undertaking restoration works on development sites, and incorporate these into proposals,
where appropriate

Adaptive Response

47) That the LSRCA and partner municipalities work to reduce their carbon footprint and to
increase ecological resilience in the watershed

48) That the LSRCA and the partner municipalities support water conservation initiatives, such
as York Region’s “Water for Tomorrow” program.

49) That the LSRCA in conjunction with the MNR and MOE undertake initiatives to understand
the environmental flow needs within the West Holland subwatershed, and develop programs
and policies to ensure that these needs are met, including the continuation of the Low Water
Response Program, setting environmental flow targets, and ensuring that water taking
activities do not exceed the available supply.

50) That the LSRCA and its partners work to ensure that flood mapping is up to date; that the
data needed for assessing flood risk is sufficient and that new monitoring equipment is
added to the monitoring network as required; and that there be available programs to assist
landowners in flood proofing their homes.

Communications

51) That the LSRCA use its website and other internet tools (e.g. Facebook groups) to
communicate information about the subwatershed and the implementation of subwatershed
plan recommendations

52) That outreach activities be conducted that: provide information to stakeholders about
subwatershed plans and issues, encourage participation in the development of
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implementation plans and other subwatershed activities, and facilitate the undertaking of
BMPs to improve subwatershed health

53) That the LSRCA promote enhanced relationships between sectors to work towards the goal
of more sustainable development

54) That the LSRCA promote its programs (such as the LEAP), workshops, and seminars by a
variety of methods in order to reach a broader audience and inform and educate
subwatershed stakeholders about key issues and how they can be resolved

1.5 How this plan is organized

This plan includes a chapter dedicated to each of the five subwatershed features identified
above, these being water quality, water quantity, aquatic habitat, fluvial geomorphology and
terrestrial natural heritage. Each of these chapters follows an identical format, loosely structured
around a pressure-state-response framework, in that each chapter firstly describes the current
condition (state), secondly describes the stressors likely leading to the current condition
(pressure), and finally recommends management responses in the context of the current
management framework (response) (See text box below).
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1) Subwatershed
Condition.

2) Subwalershed
Siressors,

5) Management
Recommendations

4) Management JcC t

Plan section:

1)

Subwatershed Condition: Describes and analyzes the current state or condition of the
subwatershed feature based on the best available data and information. This assessment
is based on monitoring data, model output, surveys etc.

Subwatershed Stressors: Uses the best available information to identify and quantify
the factors affecting the current condition of the watershed. For example, describing
phosphorus loads from different land use activities.

Current Management: Establishes the relationship of the subwatershed plan to other
legislation and planning documents;

Management needs: |dentifies areas within the current management framework where
improvements within this plan may be able to have greatest impact i.e. gaps or
opportunities for the subwatershed plan to act upon.

Management recommendations: outlines resource management goals and objectives;
as well as options for protection, rehabilitation, and enhancement of conditions in the
subwatershed.

The resulting plan will protect the existing natural resources, facilitate informed planning
decisions, and improve the efficiency of the development review process. An over-arching
concept to keep in mind throughout the subwatershed planning process is that it is far more
beneficial, both financially and ecologically, to protect resources from degradation than to
rehabilitate them once they have been damaged.
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2 Study Area and Physical Setting

2.1 Location

The West Holland subwatershed is located west of the southern tip of Lake Simcoe’s Cook’s
Bay (Figure 2-1). Municipally, the subwatershed is shared by Simcoe County (47%) in the west
and York Region (53%) in the east, and includes the Townships of King, Caledon, New
Tecumseth, Bradford West Gwillimbury, and part of the Town of Newmarket. The subwatershed
covers an area of 354 km?% The subwatershed has a length of approximately 30 km in a
northeast, southwest direction. Neighbouring subwatersheds include the East Holland River and
Black River to the east, the Maskinonge River to the northeast, and the Innisfil Creeks to the
north.

Land use in the subwatershed is primarily agricultural, occupying 57% of the subwatershed
area. Natural areas occupy approximately 31%. While 3% is occupied by urban areas, though
this is expanding. Agricultural areas are found throughout the subwatershed, with natural areas
interspersed throughout. The Holland Marsh is a significant feature, running northeast from
Highway 9 to Cook’s Bay. The largest urban area is the Town of Bradford, located near the
centre of the subwatershed. Land use details are shown in Table 2-1 and Figure 2-2.

Table 2-1 Land use distribution in the West Holland River subwatershed (WHS)

Land Use Area of the Percentage of the
WHS (ha) WHS (%)

Natural Heritage Features 10,778 31

Intensive and Non-Intensive Agriculture | 20,074 57

Rural Development 1,435 4

Urban Areas 1,193 3

Roads 733 2

Active Aggregate Extraction 6 0

Other 973 3

Total 35,192 100
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2.2 Drainage

All of the lands within the Lake Simcoe watershed ultimately drain into Lake Simcoe, via one of
the tributary rivers. The West Holland subwatershed is one of 18 subwatersheds that drain into
Lake Simcoe. It is also one of five major tributaries that account for 60 percent of the total
drainage to Lake Simcoe.

The subwatershed is drained by the West Holland River, which flows generally in a north-
easterly direction and drains into Cook’s Bay. The headwaters originate from discharge springs
and seepages along the northern flanks of the Oak Ridges Moraine.

The main tributaries of the West Holland River include: Ansnorveldt Creek*1, flowing westward
towards the main branch; Glenville Creek, flowing westward; East Kettleby Creek*, flowing
westward; Kettleby Creek, flowing north; 400 Creek*, flowing northward; Pottageville Creek,
flowing northwest, South Schomberg River*, flowing northward; North Schomberg River*,
flowing north east; Fraser Creek, flowing northeast; Scanlon Creek, flowing northeast; William
Neeley Creek, flowing northward; Coulson’s Creek, flowing northeast into Cook’s Bay.

2.3 Topography and Physiography
2.3.1 Topography

The topographic features of the West Holland subwatershed are related to its geological history,
including significant glacial events. The ground surface topography within the West Holland
subwatershed ranges from 370 metres above mean sea level (mASL), at the Oak Ridges
Moraine (ORM), to 215 mASL at Lake Simcoe Figure 2-4.

There are three topographic areas that have been identified within the subwatershed: the
northern extent of the ORM, a rolling clay plain, and a flat plain that is now part of the Holland
Marsh extending from Holland Landing to Cook’s Bay.

The ORM is located along the southern portion of the subwatershed. It is characterized by
hummocky terrain that ranges from approximately 275 to 390 mASL. The area that has
elevations ranging between 275 to 225 mASL represents the rolling clay plain that is
characterized by numerous valleys, which make its relief very uneven. This is true for the area
between Schomberg and Bradford, where considerable dissection has taken place giving rise to
rough topography (Chapman and Putnam, 1984).The third topographic area is a flat plain
ranging in elevation from 220 to 225 mASL. This plain is fairly widespread, extending from the
Township of King in the south to Cook’s Bay in the north. From east to west, it extends the
abandoned shoreline of Lake Algonquin to the valley of the Holland River.

The Holland Marsh occupies an area of approximately 24 km2 within the flat plain of the West
Holland River subwatershed. A polder is an agricultural area which at one point was a wetland,
but has been drained so that the rich soils can be used for growing vegetables (Figure 2-3). The
Holland Marsh, several polders in the Lake Simcoe watershed, and the largest of the five
polders within the subwatershed, was once a shallow extension of Lake Simcoe, and was first
drained in 1927 in order to grow agricultural crops. The peat soils of the Holland Marsh support
one of the most important agricultural areas in Ontario exporting to markets throughout the
province and internationally (CH2MHill, 2004).

! A * indicates that the name is used internally by LSRCA, they have not been officially sanctioned.
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The water levels in the marsh are maintained through a series of inner and outer canals and the
Art Janse Pumping Station located at the north end of the Marsh near Highway 11. The
pumping station is used to remove excess water from the inner canal of the cultivated marsh
area during spring runoff or during significant storm events. This excess water is conveyed to
the lake via a pumping station. During drier periods, irrigation water is drawn from the outer
canal and the lower Holland River for crop irrigation. The 18 km inner canal system is only
allowed to fluctuate by 125 mm during spring runoff or storm events (CH2MHill, 2004).

Holland Narsh

i galy
& 1D Barzae, Livoited, 3008 Oritopihatogzaphny

@ B ol did 13 ig ia
. | p— p—
b cmaran

Figure 2-3 Holland Marsh polder

As is mentioned above, the West Holland River is also home to a number of other, smaller
polder systems. These include the Colbar Marshes (308 ha), the Deerhurst Polder (85 ha), and
the North Bradford Marsh (64 ha).
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2.3.2 Physiography

The physiographic regions within the West Holland subwatershed are a direct result of the
deposition and erosion during glacial and post-glacial events, and closely correspond to the
topography discussed above. According to Chapman and Putnam (1984), four physiographic
regions are found within the subwatershed: the Oak Ridges Moraine (ORM), the Simcoe
Lowlands, the Schomberg Clay Plain, and the Peterborough Drumlin Field (Figure 2-5). The
ORM generally makes up the topographic highs, while the Simcoe Lowlands and the
Schomberg Clay Plain make up the low areas within the subwatershed.

Oak Ridges Moraine

The headwaters of the streams flowing into Lake Simcoe from the south are located on the most
widely recognized feature in the watershed, the Oak Ridges Moraine. The Oak Ridges Moraine
is a significant physiographic feature that lies between the Trent River and the Niagara
Escarpment. It is approximately 160 km in length, and has topographic elevations ranging from
305 to 395 mASL (Davies et al, 2008). The peak of the moraine forms the surface water divide
separating flow towards Lake Simcoe from flow towards Lake Ontario.

The Oak Ridges Moraine is comprised of rolling sandy hills, hummocky topography and closed
depressions that form the source of the headwaters to major streams that drain off the moraine.
The moraine within the subwatershed consists primarily of surficial sand and gravel deposits,
which can have a thickness of as much as 90m. Along the topographic divide within the moraine
these deposits are covered with silt to clay silt till (Halton Till). Also, a sand to sandy silt till
(Newmarket Till) abuts the northern edge of the moraine area, and is believed to extend under
the sand and gravel cap of the moraine.

A unique feature of the Oak Ridges Moraine is the lack of surface drainage. Precipitation in this
area either infiltrates to replenish the groundwater system or returns back to the atmosphere via
evapotranspiration. It is at the northern and southern flanks of the moraine where the
groundwater emerges as springs or seepages, creating the headwaters of the subwatersheds
originating on the moraine, including the West Holland. The high infiltration capacity of the
moraine makes it one of the most important recharge zones in southern Ontario, and within the
West Holland subwatershed.

Simcoe Lowlands

The Simcoe Lowlands is the physiographic region that comprises the majority of the West
Holland subwatershed. The region extends from the ORM northward to Lake Simcoe, and is
described as having lower elevations, with flat-floored valley features that generally correspond
to current river systems (Sharpe et al., 1999). The lowlands were flooded by glacial Lake
Algonquin and as a result are floored by sand, silt and clay (Chapman and Putnam, 1984).

There are two units that have been identified within the Simcoe Lowlands. The first unit is
covered by organic deposits and occurs immediately below Cook’s Bay, and is part of a large
broad valley that extends southwest outside the study area. The floor of this valley is now a
marsh in which the Holland River meanders toward Lake Simcoe. This valley is known as the
Holland Marsh.

The second unit is covered by glaciolacustrine sand and silt, which extends to the east of the
Holland Marsh and consists of a level plain covered by deep sand and silt deposits formed
when glacial Lake Algonquin flooded this area.

29



Schomberg Clay Plain

The Schomberg Clay Plain is not a continuous feature like the Oak Ridges Moraine outlined
above. It occurs in several low lying regions around the Schomberg, Newmarket, and Lake
Scugog areas. Within this subwatershed, the clay plain has an approximate elevation range of
225 and 275 mASL, and extends from Schomberg to Bradford. The Schomberg Clay Plain is
characterized as having rolling relief that reflects the underlying till plain. The Schomberg Clay
Plain areas are characterized by thick deposits of fine-grained sediments that are draped over
an irregular till plain and are typically 15 m in thickness (Chapman & Putnam, 1984).

Peterborough Drumlin Field

The Peterborough Drumlin Field extends north of the ORM to east of Lake Simcoe into the
Nottawasaga basin. A portion of the Peterborough drumlin field regime occurs south of
Kempenfelt Bay (west of Cooks Bay), and within the south-central and eastern portions of the
Lake Simcoe watershed. Within the West Holland subwatershed, this regime is extensive in the
north-western portion of the subwatershed. The till plains are covered by the clayey Kettleby Till,
and the sand to sand silt Newmarket Till. It is defined by a rolling drumlinized till plain. One area
is located west of Aurora and Newmarket along the western topographic divide and the second
is located to the northeast of Holland Landing.

This physiograpic region is typically characterized by numerous drumlins that occupy the area
between the Oak Ridges moraine and Cook’s Bay are on average oriented 60° west of south or
240°azimuth. On average, drumlins are 20-75 m in width and 100-450 m in length. Internally,
drumlins are composed of a stone-rich, slightly silty to silty fine to medium grained sand till.
Texturally, the percentage of silt increases in a southerly direction, more specifically drumlins
immediately south of Cook’s Bay are composed of a stone-rich, slightly silty, fine to medium
grained till. Whereas those immediately north of the Oak Ridges moraine are composed of a
stone-rich, fine to medium grained sandy, silt till (SGBWLS, 2007).
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2.4 Geology

There have been a number of studies that have lead to the geologic understanding in the area.
A generalized description of the bedrock geology, Quaternary geology, and conceptual
stratigraphic units within the West Holland subwatershed is provided below. For more detailed
information the reader is referred to Liberty (1969), Karrow (1989), Johnson et al. (1992) and
Barnett (1992).

The geology of the West Holland subwatershed is complex and has been influenced by a
number of glacial events. Bedrock topography, which has a significant influence on the nature
and extent of deeper aquifer units, has been mapped using data obtained from the MOE'’s
digital water well records. Overburden thickness has also been estimated as the difference
between bedrock and ground surface elevation. Areas of thicker overburden generally
correspond to moraine or ‘hummocky topography’ features

2.4.1 Bedrock Geology

The bedrock can be characterized as being from the Paleozoic Era, consisting primarily of
limestone of the Middle Ordovician Simcoe Group in the north, and shale of the Upper
Ordovician Blue Mountain in the south (Johnson et al., 1992). The bedrock has been overlain by
a sequence of sediments that have been deposited over the last 135,000 years by glacial, fluvial
and lacustrine environments (Figure 2-6).

The Middle Ordovician deposits make up the Simcoe Group, which consists of five formations.
However, only the Verulam and Lindsay Formations are found within the subwatershed. The
younger, Upper Ordovician deposits found within the subwatershed consist of the Georgian
Bay-Blue Mountain Formation.

Verulam Formation

The oldest Paleozoic rocks underlying within the subwatershed are those of the Verulam
Formation. The formation only occurs in a small area to the south of Cook’s Bay. The formation
is a member of the Simcoe Group, which is represented as (5) on Figure 2-6, and is of Middle
Ordovician age (approximately 450 million years ago). Within the subwatershed the formation
ranges in thickness from 32 to 65 m and consists of fossiliferous limestone with inter-beds of
calcareous shale. The depositional environment of the Verulam Formation was open marine
shelf (Thurston et al., 1992).

Lindsay Formation

The Lindsay Formation overlays the Verulam Formation and extends from the northeastern
boundaries of the subwatershed toward its southern and southwestern boundaries. The
formation is also of Middle Ordovician age and is a member of the Simcoe Group (which is
represented as (5) on Figure 2-6. Within the subwatershed the Lindsay Formation has a
thickness of 67 m and is richly fossiliferous, which indicates that the depositional environment
was a shallow to deep marine environment (Thurston et al., 1992).

Blue Mountain Formation

The Blue Mountain Formation (formerly the Whitby Formations) overlies the Lindsay Formation.
This formation is often referred to as part of the Georgian Bay formation (6) on Figure 2-6.The
formation is Upper Ordovician in age (approximately 420 million years ago) and is present as a
band running southeast to northwest in the southern portion of the subwatershed. The formation
consists of a blue-grey, poorly fossiliferous, non-calcareous shale up to 60 m thick (Thurston et
al., 1992).
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Georgian Bay Formation

The Georgian Bay formation (formally the Whitby Formations) overlies the Blue Mountain
formation. The formation is Upper Ordovician in age and is present in the southern most portion
of the subwatershed. The formation consists of carbonate rich, blue-grey shale. The
depositional environment of the Georgian Bay formation was shallow carbonate sedimentation
(GRIPS DRAFT, 2008). This formation is represented as (6) on Figure 2-6.
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2.4.2 Bedrock Topography

The bedrock surface of the West Holland subwatershed has a general elevation range of 100 to
175 mASL, Figure 2-7. The bedrock surface is thought to have been the result of a long period
of non-deposition and/or erosion activity that occurred between the deposition of the
sedimentary bedrock and the overlying sediments.

The topographic lows are associated with significant valleys that have been eroded into the
bedrock surface. These valleys are believed to be a result of fluvial activity prior to glaciation,
approximately 440 to 2 million years ago with additional modification by glacial processes over
the last 2 million years (Earthfx & Gerber, 2008).

A major bedrock valley known as the Laurentian bedrock channel traverses through the south
western portion of the Lake Simcoe watershed. Recent interest has been generated over the
Laurentian Channel (also referred to as the Laurentian Valley), a proposed Tertiary-aged river
network that extended from Georgian Bay to Lake Ontario (Brennand et al., 1998; Sharpe et al.,
2004).This interest has been driven primarily through the attempt to locate additional sources of
potable water as increasing population continues to place additional stress on existing
groundwater supplies. This valley identifies an ancient drainage system that extended from
Georgian Bay to Toronto. Tributary valleys to the main Laurentian valley are interpreted to occur
beneath the subwatershed extending from Mount Albert through Newmarket and Aurora to join
the main valley south of the study area (Earthfx & Gerber, 2008).
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2.4.3 Quaternary Geology

Glacial History

The bedrock within the West Holland subwatershed is overlain by unconsolidated sediments,
known as the overburden, which was deposited during the Quaternary Period. The Quaternary
Period can be further divided into the Pleistocene (Great Ice Age) and the Holocene (Recent)
Epochs. During the Pleistocene, at least four major continental-scale glaciations occurred,
which include, from youngest to oldest, the Wisconsinan, Illinoian, Kansan and Nebraskan
Stages (Dreimanis and Karrow, 1972). All of the surficial deposits within the subwatershed, and
within most of southern Ontario are interpreted to have been deposited by the Laurentide Ice
Sheet during the Wisconsinan glaciation. The Laurentide Ice Sheet is the glacier that occupied
most of Canada during the Late Wisconsinan period, approximately 20,000 years ago (Barnett,
1992).

Sediments deposited during the Late Wisconsinan substage are extensive in southern Ontario,
and are thought to represent all of the surficial deposits in the West Holland subwatershed. All
of the deposits which outcrop at surface within the subwatershed were likely laid down within
the last 15,000 years during and after the Port Bruce Stade. Deep boreholes indicated that older
Wiconsinan deposits do occur at depth; however, it is not always possible to date them
(Dreimanis and Karrow, 1972).

The stratigraphy of the surficial deposits within the subwatershed is extremely complex,
particularly in the ORM area where the deposits are very thick and are a direct result of the
complex glacial history over the last 115,000 years.

Quaternary Sediment Thickness

Within the subwatershed the Quaternary sediment thickness is the difference between the
ground surface and the interpolated bedrock surface. The thickness of the Quaternary
sediments has been determined from borehole and water well information within the
subwatershed. Figure 2-8 shows the thickness ranges from approximately 56 m to 240 m. The
Paleozoic bedrock topography appears to strongly influence the overlying Quaternary sediment
thickness and distribution. The thicker Quaternary sediments occur in bedrock topographical
lows (i.e. within bedrock valleys and beneath the ORM), while the thinnest areas of Quaternary
deposits occur at the north end of the subwatershed, south of Cook’s Bay. In addition, areas of
thicker overburden can generally correspond to moraine and ‘hummocky topography’ features,
as shown in Figure 2-8.
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2.4.4 Stratigraphy

The stratigraphy of the surficial deposits within the West Holland subwatershed is complex as a
result of the glacial history. There are a number of ongoing initiatives to understand the local
stratigraphy. The following subsections provide a brief overview of relevant and previously
completed stratigraphic studies.

The stratigraphic framework of Quaternary glacial and non-glacial sediments, as shown in
Figure 2-9, was completed using exposed sediment along the Lake Ontario bluffs and in the
Don Valley brickyard (Eyles, 2002). In addition, a conceptual understanding of the stratigraphic
framework was completed for the ORM area by the Geological Survey of Canada (GSC) and
later refined by the Conservation Authorities Moraine Coalition York-Peel-Durham-Toronto
Groundwater Study (CAMC-YPDT). The GSC constructed a five-layer geologic model of the
moraine based in part by the stratigraphy of the Scarborough Bluffs. The CAMC-YPDT group
combined the two stratigraphic models presented above to produce and eight-layer geologic
model, shown in Figure 2-10. Further information can be obtained from Earthfx et al. (2006).

The eight conceptual model layers (from youngest to oldest) are:

Surficial deposits and/or weathered Halton Till

Halton Till or Kettleby Till

Oak Ridges Aquifer complex and/or Mackinaw Interstadial deposits
Newmarket Till

Thorncliffe Formation deposits

Sunny Brook Drift

Scarborough Formation deposits

Weathered bedrock

ONOoO Gk WNE

Don Formation and York Till

The Don Formation and underlying York Till have not been mapped within the subwatershed
due to lack of deep borehole information that would be necessary to delineate these deposits
since they are only within lows on the bedrock surface.
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Scarborough Formation

The oldest Quaternary deposit of significant (mappable) thickness present within the
subwatershed is the Scarborough Formation or equivalent to the Scarborough Formation as
mapped in outcrop in areas to the south. The Scarborough Formation marks the start of the
Wisconsinan glaciation, approximately 100,000 years ago.

The Scarborough Formation (or equivalent) was formed by fluvio-deltaic processes leading to
deposition of a lower clay layer overlain by sands showing varieties of cross-beddings.
However, within the West Holland subwatershed these deposits are mostly sand. This unit is
mainly found within bedrock valleys and thins laterally away from the valleys (Earthfx & Gerber,
2008).

Sunnybrook Drift

The Sunnybrook Drift (or equivalent) overlies the Scarborough Formation and consists of clast-
poor silt and clay deposited by glacial and lacustrine processes. This formation was deposited in
close proximity to an ice sheet as it finally reached the subwatershed about 45,000 years ago
(Earthfx & Gerber, 2008).

Thorncliffe Formation

The Thorncliffe Formation (or equivalent) represents glaciofluvial deposition of sand and silty
sand generally within lows in the underlying stratigraphy. South of the study area, this unit
largely consists of glaciolacustrine deposits of sand, silt and clay. The Thorncliffe Formation was
deposited approximatedly 45,000 years ago and consists of sedimentary deposits of silt-clay
rythmites and cross-laminated and cross-bedded sands (Earthfx & Gerber, 2008).

Newmarket Till

The Newmarket Till overlies the lower sedimentary sequences described above. The
Newmarket Till is a dense diamict unit deposited when the Laurentide ice sheet was at its
maximum extent, approximately 18-20,000 years ago. This unit can be up to 100 m thick but is
generally 20-30 m thick. The Newmarket Till is an important formation as it hydraulically
separates the upper and lower aquifers and serves as a protective barrier to the deeper
groundwater resources in the area (Earthfx & Gerber, 2008).

Channel Sediments

Following its deposition, the Newmarket Till was subject to erosional processes by glacial
meltwater that modified the upper surface of the till. In some locations, the processes fully or
partially eroded entirely through the till (Figure 2-11). These features have been termed tunnel
channels by the GSC, who believe these erosional events occurred beneath glacial ice (Sharpe
et al., 2004). The location of the major Newmarket Till tunnel channel erosion features as
interpreted in the CAMC-YPDT study are shown on Figure 2-12. These channels cover much of
the study area, as major erosional channels occur beneath the Holland Marsh extending from
Lake Simcoe through Schomberg, and within the Aurora and Newmarket area. These erosional
channels were largely infilled with sand and silt deposits as meltwater energy waned. Extensive
work was carried out to identify these channels and map the upper silt layer that frequently
occurs within them. The nature of the infill material is important for understanding the
groundwater flow system as it determines the degree of hydraulic communication between the
shallow and deeper aquifer systems.
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Figure 2-11 Interpreted erosional and depositional process in the tunnel channels (GSC)
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and older deposits are either partially or completely eroded.
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Oak Ridges aquifer complex and/or Mackinaw Interstadial deposits

Oak Ridges aquifer complex occurs above the Newmarket Till and is the most prominent
geologic feature in the subwatershed. The Oak Ridges aquifer complex is an interlobate glacial
deposit that largely consists of sand and gravel layers that can be up to 150 m thick. To the
north and south of the ORM, sand units overlying the Newmarket Till have been categorized as
belonging to the Mackinaw Interstadial deposits. Mackinaw Interstadial sediments generally only
occur locally within areas of low topography upon the surface of the underlying Newmarket Till
(Earthfx & Gerber, 2008).

Surficial deposits and/or weathered Halton Till

The last glacial advance in the area, approximately 13,000 years ago, led to deposition of the
Halton and Kettleby Tills which generally have a silt to clayey-silt matrix. These till deposits
overlie the ORM and Mackinaw Interstadial units. The uppermost units, which form an
intermittent surficial veneer over the underlying till deposits consist of glaciolacustrine sand, silt,
and clay associated with local ponding of glacial meltwater, and with Glacial Lake Schomberg
and subsequently Glacial Lake Algonquin (Earthfx & Gerber, 2008).

Figure 2-14 and Figure 2-15 show typical cross sections through the study area depicting the
key features of the geologic and hydrogeologic system. Figure 2-13 shows the area the cross
section depicts. Figure 2-14 shows a west-east cross section along Aurora Road, whereas
Figure 2-15 shows a north-south cross section along Yonge Street. Key components of the
geologic system include (1) thick deposits associated with the ORM; (2) erosional breaches
(tunnel channels) through the Newmarket Till; and (3) thickening of the Scarborough Formation
sand deposits within the bedrock valleys. The geologic formation names used in this study are
from the Scarborough bluffs area situated along the shore of Lake Ontario (Karrow, 1967) and
are also used by subsequent researchers (see, for example, Barnett et al., 1998). The term “or
equivalent” is used to denote similar deposits situated to the north of the moraine that are
interpreted to represent the approximate time or position in the sequence, as determined to the
south of the Moraine.
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3 Best Management Practices for the West Holland River
Subwatershed

3.1 Introduction

The remaining chapters of this plan characterize current condition of the five main
subwatershed features (water quality, water quantity, stream geomorphology, aquatic habitat
and terrestrial natural heritage), and identifies some of the stressors leading to their current
condition. For each of these features, objectives have been recommended along with specific
targets to achieve them. While the actions required to meet these targets may include
prohibition or restriction of specific activities, especially in environmentally sensitive areas, it will
also require expanded use of best management practices (BMPs). Best management practices
can be defined as those measures intended to provide an on-the-ground practical solution to
pollution and other environmental impacts from all sources and sectors. BMP refers to
operational activities, physical controls or educational measures that are applied to reduce the
discharge of pollutants or impacts (US EPA, 2004).

In this chapter we provide an overview of current urban and rural/agricultural BMPs. The
chapter concludes by highlighting BMP opportunities within the West Holland subwatershed,
resulting from two recent studies by the LSRCA - the Lake Simcoe Basin Best Management
Practice Inventory (2009) and the Lake Simcoe Basin Stormwater Management and Retrofit
Opportunities (2008).

3.2 Urban Environments — Stormwater BMPs

3.2.1 Background

Urban stormwater runoff occurs as rain or melting snow washes streets, parking lots, and
rooftops of dirt and debris, minor spills, and landscaping chemicals and fertilizers. In the past it
was common practice to route stormwater directly to streams, rivers, or lakes in the most
efficient manner possible. This practice typically has negative impacts on the receiving
watercourse. Over the last two decades this has changed and efforts are made to intercept and
treat stormwater prior to its entering watercourses or water bodies. However, in many older
urban areas stormwater typically still reaches watercourses untreated.

Urban stormwater runoff is also greatly affected by land use type. Commercial and industrial
areas usually have more impervious area (e.g. paved parking lots, sidewalks, roof tops) than
any other type of land use and consequently generate more urban runoff and pollution. In sharp
contrast are open areas that have little, if any, paved surface area. In these areas, the natural
hydrologic cycle occurs whereby water can infiltrate down into the ground to be filtered by the
soil before entering local streams and watercourses or continue deeper to recharge the ground
water aquifer.

The impact of stormwater runoff on stream ecosystems has been well documented and in
almost every instance is detrimental to the health of local rivers and streams. Impacts to
watercourses have been categorized as follows (Scheuler, 1992):

e changes to stream hydrology (flow),
e changes to stream form (channel morphology),
e degraded water quality, and

e aguatic habitat,
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As the amount of impervious area increases, the natural water balance is disrupted.
Evapotranspiration is decreased as there is little vegetation and the permeable soil surfaces are
paved over; infiltration to groundwater is significantly reduced; and thus the runoff
characteristics change. This change results in increases in the frequency and magnitude of
runoff events, a decrease in baseflow, and an increase in flow velocities and energy. These
changes further affect the form or morphology of the stream, including channel widening, down
cutting, sedimentation, and channel braiding. These changes occur due to the increase in the
erosive force associated with the increase in stream flow. As the velocity of a stream increases,
the erosive force is transferred to the streambanks, and they may begin to erode. If the banks
are well vegetated or armoured, the erosive force can be transferred to the stream bottom and
down cutting of the streambed can occur. The results of this erosion will be additional sediment
and bedload being introduced into the stream system causing a further imbalance. When
deposited along the inside bend of a river, this additional sediment may transfer even more
force along the outside bend. Further deposition can occur where the river gradient flattens out
and results in the creation of a braided channel. All of these changes can have significant
impacts on the biological community in the watercourses (Figure 3-1).

Subwatersheds with less than 10% imperviousness should maintain surface water quality and
guantity and preserve aquatic species density and biodiversity, as recommended in the
Environment Canada’s Areas of Concern (AOC) Guidelines (2005). The AOC Guidelines further
recommend an upper limit of 30% as a threshold for degraded systems that have already
exceeded the 10% impervious guideline.

In the West Holland River subwatershed, approximately 2,500 ha (7%) is impervious. While the
West Holland River subwatershed currently has a relatively low level of imperviousness, it
should be noted that research has shown that as impervious cover increases to eight to nine
percent, there is a significant decline in wetland aquatic macroinvertebrate health (Hicks and
Larson, 1997 in AOC Guidelines, 2005). As the Holland Marsh wetland is a major ecosystem
not just in the WHS, but also in the Lake Simcoe watershed, maintaining or improving wetland
aguatic health is critical.
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Figure 3-1 Pathways by which impervious surfaces may impact aquatic biological

communities (ORM Technical Paper #13)

One of the most significant environmental impacts of stormwater runoff is to water quality.
Problems with degraded water quality directly affect the aquatic ecosystem, recreational
opportunities and aesthetics. This occurs as pollutants are washed off of streets, parking lots,
rooftops, and roadways into storm drains or ditches which discharge to rivers, streams and
lakes. Generally, concentrations of pollutants such as bacteria (e.g. Escherichia coli, faecal
coliform, Pseudomonas aeruginosa and faecal streptococci), nutrients (e.g. phosphorus,
nitrogen), phenolics, metals and organic compounds are higher in urban stormwater runoff than
the acceptable limits established in the PWQO (MOE, 1994). Other harmful impacts include
increased water temperature and the collection of trash and debiris.

It is a combination of all the previously mentioned changes (hydrology, channel morphology,
and water quality) that influence stream ecology and health. Impacts on the aquatic community
range from the outright destruction of habitat to reductions in stream productivity and species
diversity. The destruction of habitat can occur as spawning beds, nursery areas and structure
are covered with sediment. Another way in which habitat can be destroyed is through thermal
degradation. Cold water streams are defined as having stable water temperatures that generally
do not exceed 20°C, even in the warm summer months. Stormwater runoff can reach
temperatures exceeding 30°C because it is draining off of warm pavement. These inputs of
warm water can significantly impact the temperature regime within cold water systems. The
reduced infiltration of precipitation due to the impervious surfaces can also result in lower
groundwater levels, and a potential reduction in the amount available to be discharged as
baseflow. Streams that once flowed permanently may become intermittent, and flow can
disappear altogether.
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3.2.2 Stormwater Control

There are various methods of controlling stormwater runoff, from small-scale single lot controls
to larger scale end-of-pipe stormwater management facilities (SWMF). The most common types
of SWMF include wet ponds, dry ponds, and artificial wetlands.

Based on the Stormwater Practices Manual (MOE, 1994, 2003), there are various levels of
stormwater control established to ensure the protection of receiving waters (e.g. watercourse,
ditch, lake). These guidelines were produced by the Ministry of Environment taking into
consideration concerns from the Ministry of Natural Resources (MNR) (Fish Habitat Protection
Guidelines for Developing Areas, 1994). Four levels of protection were established focusing on
the ability of SWM pond to control and remove suspended solids.

Level 1 is the most stringent level of protection designed to protect habitat which is essential to
the fisheries productivity (e.g. spawning, rearing and feeding areas) and requires 80% removal
of suspended solids.

Level 2 protection calls for a 70% removal of suspended solids. In this instance the receiving
water can sustain the increased loading without a decrease in fisheries productivity.

Level 3 controls are relaxed further requiring a 60% sediment removal rate again reflecting the
lower quality of the receiving water for fish production.

Level 4 controls exclusively address retrofit situations where, due to site constraints the other
levels of control cannot be achieved. Level 4 protection is not to be considered for any new
development, only for instances where uncontrolled urban areas can implement some SWMF to
improve environmental health.

It is important to realize that, while these guidelines are specific to suspended solids, other
pollutants such as bacteria, metals, and nutrients (e.g. phosphorus) are reduced by the same
controls. Due to severe water quality problems in Lake Simcoe, and the potential destruction of
the cold water fishery (e.g. lake trout Salvelinus namaycush), the entire watershed has been
deemed a special policy area. As a result, all new development in the watershed since 1996 has
been required to construct SWMF that meet the most stringent criteria or Level 1 protection.
This special policy designation was a result of a recommendation contained in the Lake Simcoe
Environmental Management Strategy (LSEMS) “Our Waters, Our Heritage, 1995” report, which
deals exclusively with efforts to reduce phosphorus inputs to Lake Simcoe.

Dry ponds, also referred to as quantity control facilities, provide negligible water quality
improvement benefits, instead acting to control and slowly release stormwater runoff to
receiving water bodies. These facilities reduce the risk of flooding and mitigate hydrologic and
channel morphology impacts associated with stormwater runoff.

3.2.3 Urban Environments — Employing Other Urban Best Management Practices and
Stormwater Control Measures

There are some sections of existing urban areas where stormwater pond retrofits are not
possible. These are largely the old sections of towns including the downtown core, commercial
and industrial areas developed long before stormwater management practices were developed.
To ensure that these areas are addressed, existing control measures should be undertaken
along with newer, innovative, and unconventional BMPs are being recommended.

Rainwater Harvesting

Canadians could be considered one of the more wasteful societies in the world with regard to
water. For example, the use of potable water for flushing toilets and irrigating lawns and

50



cropland is a waste of a valuable resource. One method of reducing this wasteful use of water is
rainwater harvesting, which involves the collection and storage of rainwater, usually from
rooftops and other hard impermeable surfaces. The water can then be stored in tanks and used
for non-potable uses such as washing cars, irrigating lawns, and flushing toilets. The storage
tanks can range from a barrel at the bottom of a home’s downspout to a large industrial-size
facility with multiple tanks, pipes, pumps, and controls.

In addition to the conservation of potable water, the benefits of rainwater harvesting include
reducing pollution from stormwater runoff and flood control. Collecting and storing stormwater
decreases the volume and rate of runoff, which reduces the potential for the runoff to pick up
pollution, as well as reducing the risk of flooding.

Under their Water for Tomorrow program, designed to promote water conservation, York Region
offers rain barrels at a reduced price. While the widespread use of this practice, combined with
downspout disconnection and other water conservation measures, will reduce the demand for
water at peak times and reduce the potential for stormwater related issues, a more aggressive
and targeted approach is recommended to achieve significant improvements for the purpose of
stormwater management. For example, in the City of Portland, water harvesting for the purpose
of stormwater management is encouraged through reduced development fees if the stormwater
runoff is retained on site. This has led many commercial, industrial, and institutional landowners
to undertake water harvesting projects based on the reduced fee and savings associated with a
decrease in water use.

There are some concerns with large scale water harvesting, particularly with cost, maintenance,
and public acceptance. Another concern is the potential harmful impact of these large-scale
takings on baseflow and maintaining environmental flows to surface waters. These concerns
can be mitigated by conducting a proper water balance for the affected site to ensure that there
is adequate water to support baseflow.

Ditches/Grassed Swales

In the past, subdivisions were not built with curb and gutters which connected to storm sewers,
but simple ditches to convey water away from roads and homes. Ditches have a number of
benefits over curb and gutter systems. They are much less expensive to construct, reduce the
size required for stormwater management facilities, allow water to infiltrate into the ground, and
provide some snow storage during the winter months. The main drawbacks of ditches are that
they use more space and are not as easy to maintain as curb and gutters.

The use of ditches and grassed swales is now making a comeback as resource managers and
planners have realized the environmental benefits. Ditches and grassed swales have been
estimated to remove 30% of the phosphorus, 70% of the suspended solids, and greater than
50% of certain metals and hydrocarbons contained in urban runoff (Low Impact Development
Center, 2003 http://www.lowimpactdevelopment.org/).

When grassed swales and ditches are combined with bioretention facilities or infiltration
galleries, there can be a greater benefit to water quality and quantity. These areas require more
routine maintenance than do curb and gutter systems, and are therefore more costly, but the
planting of native grasses, shrubs, and trees can also be undertaken to add aesthetic value and
can significantly improve the public’'s acceptance of these features.

Roof Top Storage/Green Roofs

Providing roof top storage to retain rainfall is a common practice currently employed within the
GTA and the Lake Simcoe watershed. The concept is to reduce the amount of runoff and
subsequent pollution resulting from a building/structure. Roof top runoff is also controlled using
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a combination of other BMPs such as infiltration galleries, soakaway pits, and bioretention
facilities. Infiltration galleries and soakaway pits can be constructed underneath existing
infrastructure such as parking lots and boulevards and therefore don’t constrain the developable
area. Treating the runoff in a bioretention facility is probably the most effective method, but it
requires land to construct and is therefore less attractive.

Green roofs were developed as an alternative to the above mentioned practices for treating roof
top runoff. Green roofs have been described as the creation of a contained green space on a
roof for the purpose of improving water quantity and quality control. Green roofs are constructed
by first placing an impermeable membrane on the roof top followed by a drainage medium and
soil. The roofs are then planted with a variety of ground covers. Research conducted into green
roofs has documented that there are additional benefits associated with their construction.
These include reduced energy consumption and cost, improved air quality, and a reduction in
the urban heat island effect.

Soakaway Pits, Infiltration Galleries, Bioretention, and Permeable Pavement

These BMPs, while different, have a common objective — to reduce surface water runoff by
infiltrating water back into the ground. They are more useful for quantity control, reducing peak
runoff and flooding, and maintaining the water balance. There is also a benefit to water quality,
by reducing the volume of runoff, they minimize water contamination.

Soakaway Pits

Soakaway pits are the smallest and least expensive of these BMPs. They are designed to
control roof top runoff from smaller buildings. They should be located well away from building
foundation drains, and require well-drained soils. They are sized according to the amount of roof
runoff they will receive — a typical soakaway pit is 4-5 ft square, 3-4 ft deep, and can be covered
in grass or stone. This is one of the few BMPs that a homeowner can install, with instructions for
their construction easily accessible on the internet.

Infiltration Galleries

Infiltration galleries can include trenches, chambers, and large basins. They are generally
designed to control larger volumes of runoff and are often twinned with some form of sediment
control when involved with treating parking lot runoff. This ensures that they do not become
plugged and increases their operational lifetime.

Bioretention

Bioretention is a BMP that is designed to control water quantity and improve water quantity
using the chemical, biological, and physical properties of plants, microbes, and soils to removal
pollutants from stormwater runoff and facilitate its infiltration. They are generally used in parking
lots, road medians, and in conjunction with grassed swales, and can be significantly less
expensive than traditional stormwater BMPs. While the design may vary, they generally consist
of a grass buffer strip, sand bed, ponding area, organic layer or mulch layer, planting soil, and
plants. They are designed such that runoff (usually as sheet flow from a parking area, though
they can be adapted to receive flow from a curb and gutter system) first reaches the grass
buffer, where the flow of water is slowed and some particulates are filtered out. It then flows into
a sand bed, which further slows the flow, and spreads the runoff along the length of the ponding
area. The ponding area is designed for the water to pond to a depth of approximately 15 cm,
where it is stored and may undergo a number of natural processes; it then infiltrates into the soil
within approximately four days (US EPA, 1999). The processes that can take place in a
bioretention facility include (Prince George’s County, 2007):
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¢ Sedimentation e Cooling of runoff water

e Adsorption of pollutants to soil e Decomposition
particles e Phytoremediation
o Filtration

e Bioremediation
e Volatilization of hydrocarbons and e Storage capacity
other pollutants

e Plant uptake

These facilities are not appropriate for some areas, such as those where the water table is
within 1.8 m of the ground surface. There have been some concerns with their use in cold
climates as the soil may freeze, preventing runoff from infiltrating into the soil during the winter
months, though a recent study by the Toronto and Region Conservation Authority’s Sustainable
Technologies Evaluation Program (TRCA, 2008) found that the bioretention area was an
effective means for draining melt water, so long as it is designed to prevent freezing at the inlet
of the area. Temperatures generally remained above freezing in the bioretention area due to
microbial activity in the soil and an insulating layer of snow. Other considerations include the
salt tolerance of the plants used in the area, the phosphorus content of the soil (if this is high,
the bioretention area may actually contribute to phosphorus loading), and the annual inspection
and maintenance requirements.

Permeable Pavement

Permeable pavement is another option for reducing runoff through infiltration, particularly from
parking lots, which can generate large volumes of runoff. Forms of permeable pavement include
porous pavement, cement pavers, and other turf grass pavers. While there are obvious benefits
to reduce runoff and prevent flooding and erosion problems, there can be concern over potential
groundwater contamination from the oils, metals, and other contaminants that accumulate on
pavement.

Qil Grit/Hydrodynamic Separators

A typical oil/grit separator (OGS) operates by settling sediments and large debris out of
stormwater runoff, and ultimately separating oils from the water. The units generally consist of
3-4 chambers, each designed for a specific function. The first chamber, referred to as the Grit
Chamber, settles coarse sediment and large debris by slowing the flow of the water and
screening larger debris with a trash rack. From there, the stormwater moves to the second
chamber, the oil chamber, which traps and separates surface oils and grease from the
stormwater runoff. This separation occurs because oil is lighter than water and floats on the
surface. The discharge pipe is located near the bottom of the chamber, allowing the oil to pool
on the surface and be contained. The third chamber houses the stormwater outlet pipe that
discharges the overflow to the storm drain system.

These systems are effective at removing oil and sediment, but their capacity for phosphorus
removal is low. Therefore, they should be used in combination with other stormwater practices.
Another important consideration is maintenance — their efficiency is dependent upon regular
maintenance. This involves cleaning them out at least twice per year and as necessary after
major storm events. The maintenance costs can be high because they can contain hazardous
materials which need to be safely disposed of.

Some manufacturers have tried to increase the effectiveness of OGS for removing particulate
and oil as well as additional contaminants such as phosphorus. An example of this is Imbrium
Systems Incorporated’s Jellyfish System. Systems such as this should be explored through pilot
projects in the urban and industrial areas of the subwatershed.
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Road Salt

Road salt has become an increasingly important issue as the urban areas of the Lake Simcoe
watershed expand. The Canadian Environmental Protection Act defined road salt containing
chloride salts as toxic under the Act (Environment Canada, 2001). Analysis of surface water
guality throughout the Lake Simcoe watershed shows an increasing trend in chloride
concentrations (see water quality section). The use, storage and application of road salt as well
as disposal of snow should be conducted in accordance with the Code of Practice for the
Environmental Management of Road Salts (Environment Canada, 2004). York Region does
have a Salt Management Plan, aimed at ensuring the proper timing and amount of road salt in
order to reduce the amount needed and the impacts to the environment from its use. Local
municipalities should adopt similar plans and/or the Code of Practice. To reduce the area of
roads requiring salt during the winter, and also to limit the amount of impervious area,
municipalities should also explore the feasibility of varying road widths — narrower streets could
be used on less travelled routes to reduce impervious area, rather than simply using a standard
width.

3.3 Rural/Agricultural Best Management Practices and Controls - Phosphorus
Reduction Opportunities

There are a number of Best Management practices that can be implemented in a rural setting to
help improve water quality and quantity. These include manure storage and management,
private septic system repair or replacement, construction of bypass channels or bottom draws
for online ponds, streambank erosion control, cover cropping, tree and shrub planting,
installation of cropland erosion control structures, clean water diversion, livestock access
restriction, and the completion of nutrient management plans. Funding and professional
assistance is available through the LSRCA’s Landowner Environmental Assistance Program
(LEAP) for a number of these activities. Each of these BMPs is discussed below and more detail
can be found at http://www.Isrca.on.ca/leap/index.html.

The implementation of agricultural BMPs, particularly those targeted at controlling erosion, is
especially important in the Holland Marsh area because of some of its unique characteristics.
The organic soils contained within the polder area are very light, and are thus susceptible to
wind and water erosion. Most of the soils have a very high nutrient content, which means that
soil erosion can have a significant impact on loading to the West Holland River and to Lake
Simcoe. Finally, because the Holland Marsh is so close to Cook’s Bay, erosion of soils either by
wind or water has the potential to have a significant impact on the lake.

3.3.1 Streambank Erosion Control

Vegetation is often removed from streambanks in order to accommodate various activities (e.g.
farming, urban development, etc.). This leaves the streambank vulnerable to erosion, which can
affect the aquatic ecosystem and can be a source of phosphorus. Depending on the soil type,
stormwater runoff and high flows in the watercourse can result in bank slumping and the loss of
valuable land. The planting of trees and shrubs along a stream bank will prevent erosion by
helping to bind the soil in place and slowing the flow of storm water.

3.3.2 Cropland Erosion Control Structures

These BMP projects are undertaken to reduce soil erosion, and to protect watercourses and
waterbodies. Not only will they reduce the loss of valuable topsoil, but will reduce the deposition
of soil particles containing phosphorus and other contaminants onto the lake and watershed.
They can include grass waterways to slow the flow of water and cause sediment to settle; water

54


http://www.lsrca.on.ca/leap/index.html

and sediment control basins; terraces, which are built on a steep slope to enhance water
retention and reduce erosion; and drop structures.

3.3.3 Cover Cropping

Cover cropping is a practice whereby plants are grown on agricultural lands where the fields
would normally be left bare in between crops. Cover cropping can be used as a tool to manage
soil fertility, soil quality, weeds, pests, and diseases.

Soil fertility can be improved through cover cropping — the cover crop takes up nutrients in the
soil and maintains them in an inorganic form which is less likely to wash away during snow melt
or precipitation events. These nutrients are then re-incorporated into the soil as the cover crop is
decomposed, and made available to the newly planted crop, which is seeded over the residue
of the cover crop. When used for cover crops, certain species (e.g. legumes) can be a
significant source of nitrogen to the soil, as they have the capability to fix nitrogen. This can
reduce, or in some cases negate, the need for chemical fertilization.

Soil quality is also improved through the use of cover crops as there are increases in organic
matter; water holding capacity, as it reduces the rate and quantity of water that drains off the
field; and nutrient holding and buffering capacity. As an added benefit it can also lead to
increased soil carbon sequestration. Sail erosion is also reduced, as the roots help to create
large soil aggregates and also hold the soil in place, and the plant material covers the sall
surface when the cover crop dies off. Again, this helps to reduce the amount of soil and its
associated contaminants reaching surface water through wind and water erosion.

3.3.4 Conservation Tillage

The traditional tillage method for agricultural operations generally involves tilling the soil in the
fall after the completion of the harvest, and again in the spring to prepare for planting. This can
result in high levels of soil erosion and nutrient loss, as large soil aggregations are broken up
and left vulnerable to erosion, and the plant material which would normally aid in holding the soil
in place is ploughed under during tillage. Conservation tillage is a practice where less or no
tillage is undertaken, and a higher percentage of the plant residue is left on the field. This has
several benefits: it requires less work and fuel, the stubble of the previous year's crop helps to
hold the soil in place, increases moisture retention and infiltration, and increases the organic
matter content of the soil.

There are some challenges associated with conservation tillage. These include soil compaction,
increased need for pesticides to reduce the amount of weeds (which would normally be tilled
under), carryover of diseases, and a possible increase in saturated or flooded soils, which can
delay planting.

3.3.5 Livestock Access Restriction

Livestock that have access to watercourses can impact the water quality and affect the riparian
area. The input of urine and manure directly into the water and onto low lying areas in the
riparian area where it can be washed into the watercourse affect water quality. The livestock
can trample streambanks, which contributes to instability, erosion, and sedimentation in the
stream; while livestock in the stream can destroy spawning habitat. These issues can be
avoided with the installation of fencing along watercourses to exclude livestock; cattle crossings;
and alternate water sources, such as nose pumps.
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3.3.6 Clean Water Diversion

These systems direct clean melt water and/or precipitation away from potential sources of
contamination including manure storage and exercise yards. These consist of systems such as
eavestroughs, ditches, or trenches; rainwater collection systems; or any other permanent
technique for preventing rain and snow from becoming contaminated.

3.3.7 Milkhouse Waste Management

Milkhouse waste water includes excess milk, the soap and acids used to clean equipment and
kill bacteria, manure, and, dirt. This waste water, when released to surface waters, can have
significant impacts to water quality. There are methods, such as adding the washwater into
manure storage, and installing treatment trenches and milkhouse wastewater treatment systems
in combination with management practices. A common management practice is to save the first
flush of milk washwater and use it as a diluted feed back to calves. These methods will prevent
waste water from being discharged to surface waters.

3.3.8 Manure Storage and Management

Manure from beef and dairy operations is very high in nutrients, such as phosphorus, and
bacteria. If left on the field, it can easily seep into ground and surface water sources with snow
melt and/or precipitation. This can have considerable environmental and health impacts.
Manure is stored in order to allow its application at the most beneficial time for crops, and to
apply the manure at an appropriate time to minimize potential environmental impacts. The type
of manure storage facility depends on what is being stored. Storage facilities can consist of
open storage structures with runoff containment or roofed structures for solid manure; concrete
or steel storage tanks for liquid manure; earthen manure storage and runoff storage; and the
containment of runoff from exercise yards.

3.3.9 Private Septic Systems

Waste from the majority of residences in rural areas is treated by private septic systems. As
they age, these systems can malfunction and fail, and can be a considerable source of nutrient
and bacteria contamination to surface and groundwater. Malfunctions and failures of septic
systems will be detected through regular inspections — if a problem is detected it should be
resolved in a timely manner to minimize environmental impacts. LSWQIP provides funding for
septic system repair or replacement for those systems within 100 metres of the lake or a
watercourse in the watershed, as this is the zone where malfunctions can have the greatest
impact.

3.3.10 Wellhead Protection and Well Decommissioning

Wellhead protection is undertaken in order to reduce the risk of contamination of well water by
implementing proper construction and maintenance practices and safeguards for existing wells.
Wellhead projects that can be undertaken include grading and permanently seeding the soil
surface around the well, sealing the space around the well, upgrading or replacing a dilapidated
well casing and/or extending a well casing 16 inches above the finished ground level, installing
proper well caps, and earth moving to ensure that water is directed away from the well head.

Wells left unused or abandoned without being properly decommissioned leave the groundwater
supply vulnerable to contamination. Wellhead decommissioning is undertaken in order to
prevent groundwater contamination via improperly abandoned or unused wells. This is
completed by properly plugging unused wells by a licensed well contractor.
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3.3.11 Bypass Channels and Bottom Draw Structures for Online Ponds

Online ponds, created by damming a watercourse, can cause a host of issues on the
watercourse. They can increase water temperatures, raise bacteria levels, and disrupt the
natural movement of fish, invertebrates, sediment, and nutrients. The natural movement of each
is imperative for a healthy aquatic system. It is possible to reduce or negate the environmental
impacts caused by an online pond, without the complete removal of the pond (which is
important if the pond is used for irrigation). This can be accomplished either through the
construction of a bypass channel around the pond or a bottom draw structure in the pond. A
bypass channel is essentially a redirection of the watercourse around the pond, where the
majority of the flow is diverted away from the pond, but enough flow if left going into the pond to
maintain it. A bottom draw structure can be constructed where it would not be possible to put a
bypass channel. These structures draw water from the cooler bottom waters of the pond, and
this is discharged downstream to the watercourse, rather than the warm top waters from the
pond flowing over the dam. While this does not negate the issues caused by the pond, it does
improve conditions in the waters downstream of the pond.

3.4 Opportunities for BMP is the West Holland subwatershed
3.4.1 Urban BMP opportunities

The Lake Simcoe Basin Stormwater Management and Retrofit Opportunities report (LSRCA,
2008) identified and evaluated opportunities to control phosphorus from existing urban areas. In
these urban areas, stormwater runoff should be addressed through stormwater pond retrofits.
These include creating facilities in uncontrolled catchments or upgrading existing facilities or
guantity only facilities to a higher level of control (i.e. Level 1). The report identified a total of 20
retrofit opportunities in the five urban areas in the West Holland River subwatershed. These
have the potential to reduce over 600 kg/year of phosphorus entering the river, and ultimately
the lake (Table 3-1). More details on stormwater retrofit opportunities in the West Holland
subwatershed can be found in the LSRCA report Lake Simcoe Basin Stormwater Management
and Retrofit Opportunities, published in 2007.
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Figure 3-2 Stormwater retrofit opportunities in the West Holland subwatershed
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Figure 3-3 Estimated reduction in phosphorus loading as a result of completing the 20
stormwater retrofit opportunities identified in urban areas of the West Holland
subwatershed

3.4.2 Stream Corridor BMP Opportunities

The Lake Simcoe Region Conservation Authority (LSRCA) conducted a Best Management
Practices (BMP) Inventory, spanning 12 sections of the 18 subwatersheds within the Lake
Simcoe basin in 2008 (LSRCA, 2009). The purpose of the BMP Inventory was to identify
opportunities for the reduction of nutrients or improvements to fish habitat within the Lake
Simcoe basin. Three priority areas were identified to focus the scope of the Inventory. These
three areas are agriculture, tributary, and urban. Agriculture areas include any farming and
agricultural operations; tributary areas include tributaries of all orders with a variety of land use,
excluding urban and agriculture; and urban areas include any section of watercourse within an
urban environment, including drains, stormwater outfalls, and any other sources of nutrients that
could require the implementation of BMPs to improve conditions. The BMP Inventory identified
2,420 waypoints containing 8,656 BMP opportunities throughout the entire Lake Simcoe
watershed. Just over four percent of the West Holland subwatershed was surveyed, in Phase 1
of the inventory (Figure 3-4), covering reaches in Schomberg and in the Scanlon Creek
catchment. A total of 169 BMP opportunities were located in the survey area, with the largest
proportion of BMP opportunities being related to bank erosion (18%), insufficient riparian cover
(17%) and impervious surface runoff (9%) — see Figure 3-5.
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4 Water Quality (surface and groundwater)
4.1 Introduction and background

The chemical, physical and microbiological characteristics of natural water make up an
integrated index we define as “water quality”. Water quality is a function of both natural
processes and anthropogenic impacts. For example, natural processes such as weathering of
minerals and various kinds of erosion are two actions that can affect the quality of groundwater
and surface water. There are also several types of anthropogenic influences such as point
source and non-point sources of pollution. Point sources of pollution are direct inputs of
contaminants to the surface water or groundwater system and include municipal and industrial
wastewater discharges, ruptured underground storage tanks, and landfills. Non-point sources
include, but are not exclusive to, agricultural drainage, urban runoff, land clearing, construction
activity and land application of waste that typically travel to waterways through surface runoff
and infiltration. Contaminants delivered by point and non-point sources can travel in suspension
and/or solution and are characterized by routine sampling of surface waters in the Lake Simcoe
watershed. Surface water quality results are compared to guidelines relating to the protection of
the aquatic ecosystem.

4.2 Current Status

4.2.1 Measuring Groundwater Quality

The LSRCA does not currently conduct any groundwater quality monitoring in the West Holland
River subwatershed.

4.2.2 Measuring Surface Water Quality and Water Quality Standards

Within the Lake Simcoe watershed there are 12 PWQMN stations, two of which are located in
the West Holland River subwatershed. Samples are collected eight times a year on a monthly
basis during the ice-free period. Each sample, analyzed for 32 chemical parameters in the
Laboratory Services Branch of the Ministry of Environment, is assessed using the Provincial
Water Quality Objectives (PWQO) (Ministry of Environment, 1994).

As stated by the Ministry of Environment, the goal of the PWQO is to protect and preserve
aqguatic life and to protect the recreational potential of surface waters within the province of
Ontario. Meeting the PWQO is generally a minimum requirement, as one has to take into
account the effects of multiple guideline exceedances, overall ecosystem health, and the
protection of site-specific uses. In instances where a chemical parameter is not included in the
PWQO, the Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG) is
applied (Environment Canada, 2003). The CWQG were developed by the Environmental Quality
Branch of Environment Canada to protect aquatic species by establishing acceptable levels for
substances that affect water quality and are based on toxicity data for the most sensitive
species found in streams and lakes of Canada.
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Table 4-1 A summary of surface water quality variables and their potential effects and
sources
Variable Effects Sources Objective/Guideline
Chloride Control of excess chloride levels is The largest source of | » Env. Canada
) tant to protect the aesthetics and chloride is from road (2001): approx 210
![I:sﬁgro?r::irinkpi)n water. High levels ma salt applications mg/L for the
also have an irr%pact oﬁ ac?uatic life. g durir][g thg:r\:inter lpfrotection of aquatic
: : months. er ife.
Ba(;kgroun? concer:trqﬂons l|)r1 Inatural sources include waste
igr ac:/aLwa ers are typically below water treatment,
mg/t-. industry, potash used
for fertilizers
Total o Sources include lawn | > Interim PWQO: 0.03
Phosphorus Phosphorus promotgs eutroph|c§\tlon of and garden fertilizers mg/L to prevent
P surface waters by stimulating nuisance ¢9g | ' 9 ) P |
Igal and aquatic plant growth, which anima Wastes, : excessive pant
3eg lete ox level th eroded soil particles growth in rivers and
P ygen IEvels as they and sanitary sewage. streams.
decompose resulting in adverse
impacts to aquatic fauna and
restrictions on recreational use of
waterways.
Toal Elevated concentrations reduce water TSS originates from CWQG: 25 mg/L. +
Suspended clarity which can inhibit the ability of areas of soil background (approx 5
Solids (TSS) a ua)tlic oraanisms to find food y disturbance, including | mg/L) for short term
S(L]Jspende%l particles may cauée construction sites and | (<25 hr) exposures.
abrasion on fish gills and influence the farm fields, Iavyns,
frequency and method of dredging gardens, eroding EPA (1973( and EIFAC
tivities in harbours and reservoirs. As stream channels, and | (1965): no harmful
2glids settle, coarse rock and gravel grit accumulated on effects on fisheries
spawning and nursery areas become roads below 25 mg/L
coated with fine particles, limiting the
ecological function of these important
areas. Many pollutants are readily
adsorbed and transported by
suspended solids, and may become
available to benthic fauna.
Metals Heavy metals generally have a strong Most metals in PWQOs:
affinity to sediments and can surfac_e runof_f are * Clopper: S uglL
accumulate in benthic organisms, Zﬁfgg?ge”: \Gnstg wind- * 4nc: _20 ng/L
phytoplankton, and fish. Several heavy | |- o (05 . LeaFi. 5 pg/L
metals are toxic to human health, fish runoff and road e lron: 300 ng/L
and other aquatic organisms at low surface materials ¢ Cadmium: 0.5 pg/L
concentrations. e Chromium: 8.9 pg/L
e Aluminium: 75 ug/L

for clay free soils;
100 ug/L (CWQG)
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Water quality monitoring sites in the West Holland River subwatershed

64




Groundwater Quality Status

The LSRCA does not currently conduct any groundwater quality monitoring in the West Holland
River subwatershed.

Surface Water Quality Status

Examination of the water quality data collected between 2002 and 2008 highlights phosphorus
as the main parameter impacting water quality in the West Holland River. Table 4-2 details the
number of samples from this data set meeting the guideline from this sampling period for both
the West Holland River station and the Schomberg station, as well as other stations around the
Lake Simcoe watershed. From this table other notable parameters can be seen, these include
total aluminum, iron, Total Suspended Solids (TSS) and cadmium. It is also worth discussing
chloride concentrations — although these currently meet the applicable objectives, chloride loads
have been increasing in the subwatershed over the past several years.
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Table 4-2 A comparison of West Holland River surface water quality to other tributaries
within the Lake Simcoe watershed

Monitoring Current Conditions (2002 — 2008) Trends Analysis (1965-2008)
Station Percentage of samples meet objectives Orange = Increasing/ Blank = no significant
Orange = median Concentration >objective trend/
Green = median Concentration < objective Green = Decreasing
(2] (2]
2 £ 2 E | g
) Q o ) Q 3 o
2 |5 |g = |3 [2 |5 |¢e £ |2 |8
o 8 s ) c o S o S |8 S ln |c o |E |8 | &
- < = N o c S o i < = wn o = =] o] o
@] o P — = N ) @) O |a Z |+~ = N < @] @)
West
Holland
River
Tannery
Creek
Mt. Albert
Creek

Beaver River

Historical data n/a
Historical data n/a
Historical data n/a

Pefferlaw

Lovers

Creek

Schomberg n/a

Maskinonge

River

East Holland Historical data n/a
Black River Historical data n/a
Hawkestone Historical data n/a
Creek

Uxbridge istori

Brook Historical data n/a

210 | 0.03| 29 | 30
Objective | mg/ | mg/ | mg/ | mg/

300 20 | 05| 5
L L L L |Mg/L|pg/L|pglL | pglL
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Chloride

The Canadian Environmental Protection Act has
defined road salts containing chloride as toxic under

Reading & Interpreting Box Plots

A box plot presents a data set in
graphical form. The shaded portion

the Act (2001). This was based on research that of the box represents the middle
found that the large amount of road salts being used 50% of the data set showing where
could negatively impact ground and surface water, the majority of the values fall and
vegetation, and wildlife. While elevated chloride levels the spread of the data. The line in
are primarily found around urban centres, chloride the box is the median (50"

levels have been found to be steadily increasing percentile) of the data set. The

across the Lake Simcoe watershed (LSRCA, 2007) whiskers show the lower and upper
(Figure 4-2) as well as in Lake Simcoe itself (Eimers qgartlles 8f;h? datr? setH_TEe points
and Winter, 2005). While concentrations recorded at ?e or\ées:r?t oufliz\:\;tinetr\:\é ésagiet at
Schomberg and Hwy 11 are well below the Canadian thg 5th and 95th percentile. A red
Water Quallty Ggldellne_s va_lue of_210 mg/L, an line has also been included to
increasing trend in chloride is obvious at both highlight the applicable guideline
stations. Figure 4-2 shows the increasing trend in for the parameter.

chloride concentrations in the West Holland River.

2002 - 2006

1991 - 1995

1986 - 1990

1981 - 1985

1976 - 1980

1971 - 1975

1965 - 1970

0 50 100 150 200 250

—— CWQG = 210mg/L mg/L
—— Median

Figure 4-2 West Holland River chloride concentrations 1965 — 1995, 2002 - 2006 (mg/L)

Aluminum and Iron

The Provincial Water Quality Objective (PWQO) for aluminum requires that a sample be filtered
so that it is clay free. This removes natural background aluminum associated with clay or bound
up with suspended solids in the water column. The aluminum left after filtering is the portion that
is bioavailable and therefore the portion that could affect the aquatic ecosystem. Samples
analyzed under the PWQMN are not filtered, necessitating the use of guidelines less applicable
to the Lake Simcoe watershed.
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However, analysis of total aluminum and iron with TSS show good correlation (LSRCA, 2006)
indicating that the majority of aluminum and iron is associated with clay or suspended solids.
Enhanced sampling by LSRCA through 2007 collected filtered samples at the Schomberg
station. None of the samples returned dissolved aluminum results above the PWQO, even
though high total aluminum concentrations were recorded. Therefore, measures to control TSS
will also have the benefit of controlling total aluminum and iron concentrations as well.

Cadmium

Compared to other Lake Simcoe stations, the West Holland station (at Hwy 11) is among the
stations with the most exceedances of the PWQO for cadmium, although this is still only 35% of
the samples in the 2002 — 2008 data set. Historic data for this station (1994 — 1995) recorded
only trace levels of cadmium. It is likely that a change in sampling methodologies (wet weather
sampling) associated with the current data set is the reason that higher cadmium levels are
being detected as opposed to a new source of cadmium. The most likely source of cadmium for
the West Holland River is associated with fertilizers and pesticides.

Total Suspended Solids

Total Suspended Solids (TSS) is a measure of the material in suspension in the water column.
This is an important measure because, as outlined above, TSS can act as a transport
mechanism for a variety of other parameters; some in a benign form such as clay bound
aluminum, others such as phosphorus which can cause excessive nutrient loading downstream.
Excessive amounts of TSS will also have negative impacts on fish and benthic organisms.

The Canadian Council of Ministers of the Environment (CCME) has recently set an interim
guideline for TSS of 30 mg/L (CWQG, 1999). Applying this guideline to historic and current data,
Schomberg appears as the only station with significant TSS exceedances. Gaps in the TSS
data set at all stations make it difficult to determine any trend in concentrations. Compared with
other Lake Simcoe stations Schomberg has among the highest concentrations, second only to
the two East Holland River stations.

Phosphorus

Total phosphorus is a measure of all forms of phosphorus (dissolved and particulate) in a water
sample, including phosphates, which are the most reactive (biologically accessible) form.
Phosphorus is a nutrient essential to plant and animal life and is part of the natural cycle of
decomposition and photosynthesis. Phosphorus binds to soil and is easily transported to
streams with eroding soil where it can be utilized by aquatic plants and algae. Excessive levels
of phosphorus cause an overabundance of plants and algae, which can impair the aesthetic and
recreational opportunities of the lake. As the plant material dies off the resulting decomposition
can lead to oxygen depletion (eutrophication) in surface waters. Eutrophication is one of the
leading concerns regarding the health of Lake Simcoe (Scott et al., 2006).

In both the historic and current data sets, phosphorus emerges as the most problematic water
guality parameter at all West Holland River stations. The PWQO for phosphorus in streams and
rivers is 0.03mg/L. In the historic data set for the six monitoring stations, this guideline is
exceeded at the low end in 80% of samples taken at the south end of the Holland Marsh, to
99% of samples taken in the Marsh (83% at Canal and Hwy 9, 92% in North Canal, 97% at
Schomberg, and 97% at Hwy 11).

In the current monitoring data the phosphorus PWQO is exceeded in 97% of samples at

Schomberg and 100% of samples at Hwy 11. However, in spite of these exceedances, it can be
seen in Figure 4-3 and Figure 4-4 there has been a decrease in concentrations at both stations
when compared to historical data. The only exception is the 2002-2006 data set, which appears
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to display a slight increase. However, this is likely not due to a reversal of the long term trend,
but to a change in sampling methodology. Sampling was formerly conducted on a set interval
(i.e. every second Wednesday), but storm events are now being targeted. This methodology is
preferred as it better characterizes the range of flows and concentrations that can occur within
the subwatershed, but it has the potential to cause a bias in the data when compared with data
collected under the former methodology. This is because there are more high flow samples in
the data set under the new methodology. This may appear to be an increasing trend in the data,
but is simply more accurate data. Further monitoring will clarify this trend.

2002 - 2006 L 4

1996 - 1998 - <&

1991 - 1995 ~ | *

1986 - 1990 - ¢ <o

1981-1985 4 (@ { °

1976-1980 4 ©OF— W | | °

s 3 — .

1965-1970 4 | oH v F——-o/e

0.0 0.2 0.4 0.6 1.0

— PWQO = 0.03mg/L mg/L
—— Median

Figure 4-3 West Holland at Hwy 11 — phosphorus concentrations 1965 — 1998, 2002 — 2006
(mg/L)
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Figure 4-4 Schomberg River — phosphorus concentrations 1976 — 1993, 2002 — 2006 (mg/L)

Water Temperature

Although it is not a substance that can be measured through water quality sampling, water
temperature is another important water quality parameter. Increasing water temperatures, due
mainly to impervious surfaces and ponds, can cause a number of issues. These include
decreased dissolved oxygen concentrations, stress to sensitive fish and benthic invertebrate
species, and the increased growth of algae. Water temperatures in the West Holland River are
monitored using in-stream data loggers, which record the temperature at regular intervals
throughout the summer.

The LSRCA has been collecting temperature data for approximately five years. While this has
been sufficient for increasing our understanding of where coldwater systems are found in the
subwatershed (see Chapter 6, Aquatic Habitat for more detail), it is difficult at this point to see
any trends or patterns in the data. There are factors influencing water temperature in addition to
upstream and surrounding land use, including air temperature and the amount of precipitation,
which make it difficult to analyze trends in water temperature.
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Key points - Current Water Quality Status:

e Presently there is no monitoring for groundwater quality undertaken within the West
Holland subwatershed and any possible exceedances of guidelines are not known.
Increased efforts and development of monitoring and surveillance wells to monitor
groundwater quality should be/are being considered

Several of the surface water quality parameters within the West Holland River continue
to fail to meet the established objectives or guidelines, particularly for phosphorus and
TSS

Median total phosphorus concentration in surface water are well above the PWQO, but
there has been a decrease since the since the high levels recorded in the 1970s.

While chloride levels are well below the Canadian Water Quality guidelines, there has
been an increasing trend in chloride concentrations at both monitoring stations within
the West Holland River, particularly in the past 20 years

Schomberg appears to be the only station in the West Holland River with significant
TSS exceedances and is among the highest concentrations, with the exception of the
two East Holland River stations. Due to gaps within the TSS data set, a trend currently
cannot be determined

4.3 Factors impacting status — stressors

4.3.1 Groundwater

Because groundwater moves more slowly and is subject to natural filtering as it moves through
the soil, the quality of groundwater is most often better than that of surface water. As the water
moves through the soil, contaminants are subject to the processes of adsorption, where they
are bound to soil particles; precipitation; and degradation over time. These processes serve to
improve the quality of the water.

There are some substances that can easily move through the groundwater system without
attenuation by any of the aforementioned processes. The most notable of these is chloride from
road salt. Further, if a contaminant source is located near a groundwater recharge area, there
may not be sufficient time and distance for natural filtering to occur. There are also some
parameters, including iron and chloride, which are naturally found within some groundwater
aquifers.

Groundwater quality can also be impacted by anthropogenic factors. In rural areas, levels of
contaminants including bacteria, phosphorus, nitrates, and road salt can become elevated
where the groundwater is beyond the capacity of the natural filtration capability of the soils.
Sources of contaminants in these areas are fertilizers, improperly functioning septic systems,
manure storage facilities, and road salt application. In urban areas, groundwater can be subject
to contamination by road salt, hydrocarbons, metals, phosphorus, and other nutrients.
Groundwater contamination becomes an issue where it is discharged to the surface and is used
by animals or humans.

Source Water Protection Authorities are currently determining the vulnerability of aquifers in the
region to water quality stressors and identifying potential threats drinking water supply.
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4.3.2 Surface Water

Natural Influences

Natural features in the environment generally serve to maintain water quality conditions.
Naturally vegetated areas including grasslands, meadows, and woodland areas tend to improve
the quality of water as it flows over land. The stems and roots of the vegetation slow the flow of
water, enabling soil particles and other contaminants to be deposited, and increasing the
amount of runoff that is infiltrated into the soil. Water is filtered as it flows through the soil to the
groundwater. Wetlands slow the flow of water, provide storage and can absorb some
contaminants, including nutrients such as phosphorus; and thus have a natural filtering ability.
The inputs of clean cool groundwater into lakes and streams also serve to improve water
guality, by diluting the concentration of any pollutants in the portion of the flow coming from
surface water.

Rural and Urban Influences

A high percentage of the land within the West Holland River subwatershed, 57%, is agricultural.
There are a number of water quality issues that are associated with agriculture. Runoff from
pasture and cropland can contain high levels of nutrients, sediment, and bacteria; and wind can
erode topsoil with its associated contaminants. All of these substances can end up in local
watercourses if the appropriate Best Management Practices (BMPSs) are not implemented.
These BMPs can include conservation tillage, cover cropping, maintaining vegetated riparian
buffers, cattle fencing, and the appropriate use of fertilizers and pesticides.

Runoff in urban areas, particularly those built prior to the requirement for stormwater
management, can carry a host of pollutants to local watercourses. These pollutants build up on
roads, driveways and parking lots, and even lawns, and are washed to watercourses during
precipitation events. The pollutants that can be carried by urban stormwater runoff include
nutrients and pesticides from lawns, parks, and golf courses; road salts; tire residue; oil and
gas; sediment; and nutrients and bacteria from pet and wild animal faeces.

Paved surfaces increase the volume and velocity of surface runoff, which causes streambank
erosion, contributing further more sediment to watercourses. The requirement for stormwater
management facilities in all new developments will help to mitigate these issues in urban areas,
however, the ongoing maintenance of these facilities is crucial to ensuring that they continue to
reduce sediment and nutrient loads as designed, otherwise these new developments would be
contributing additional phosphorus to the system. Additional best management practices should
also be implemented in conjunction with stormwater management wherever possible to reduce
the amount of these pollutants, as even a stormwater facility with the highest level of control
does not achieve 100 % removal. A further input of sediment and nutrients from urban areas is
the wind erosion of soils stripped bare for development. These areas can be without vegetation
for prolonged periods of time, and can be a significant source of windborne pollution.

Urban areas in the West Holland River subwatershed include the small villages of Schomberg
and Pottageville, the Town of Bradford West Gwillimbury, and a small portion of Newmarket and
Holland Landing (Figure 4-5). These areas represent approximately 3% (1086.34 ha) of the
entire West Holland subwatershed. Of this urban area approximately 57% is without stormwater
controls, 16% has quantity control only, and the remaining 27% is controlled by Level 1
stormwater facilities (Table 4-3, Figure 4-5, Figure 4-6). This area represents a modeled
phosphorus load of approximately 1570.49 kg/yr to the West Holland River, of which
approximately 325.85 kg/yr (21%) has been reduced through existing controls (LSRCA, 2007)
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Figure 4-5 Area of stormwater control in urban regions of the West Holland subwatershed
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Table 4-3 Controlled vs. uncontrolled stormwater catchments in the West Holland River subwatershed
Location Total Total Uncontrolled Quantity Level 1 Level 2 Level 3 Level 4 Controlled (Total of
Number | Urban Levels 1to 4)
of Area
Catch- (ha)
ments Used
# Area % Area % # Area % Area % Area % Area % # Area %
(ha) (area) (ha) (area) (ha) (area) (ha) | (area) (ha) | (area) (ha) | (area) (ha) (area)
Bradford 38 581.82 32 | 413.29 71 71.88 12 3 96.65 17 0 0 0 0 0 0 3 96.65 17
Holland 6 34.82 4 17.72 51 15.87 46 1 1.23 3 0 0 0 0 0 0 1 1.23 3
Landing
Newmarket 7 232.04 1 3.05 1 71.99 31 5 157.00 68 0 0 0 0 0 0 5 156.99 68
Pottageville 13 88.26 12 76.88 87 11.38 13 0 0 0 0 0 0 0 0 0 0 0 0
Schomberg 27 149.40 23 113.43 76 0 0 4 35.97 24 0 0 0 0 0 0 4 35.97 24
/Lloydtown
Totals 91 1086.34 | 72 624.37 57 171.12 16 13 | 290.85 27 0 0 0 0 0 0 13 290.85 27
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Stormwater control in the urban areas of the West Holland River subwatershed
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Phosphorus

Phosphorus load estimates are those calculated during the Assimilative Capacity Study (see
text box for more information). The assimilative capacity study used a watershed model
(CANWET) that estimates nutrient loads based inputs such as land use, precipitation and soil
type. The following table (Table 4-4) presents the average yearly phosphorus load derived from
each source in the subwatershed under current conditions, the approved growth scenario, and
the approved growth scenario with implementation of BMPs. The primary source of phosphorus
in the West Holland subwatershed under existing conditions is derived from cropland (63%) and
high density urban land use (15%). Under the approved growth scenario, there is a projected
increase in total phosphorus loads of 29% without the implementation of BMPs. The projected
phosphorus load under the approved growth scenario can be reduced by approximately 46%
through the implementation of BMPs. Taken together, this suggests that total phosphorus loads
could be decreased by 30% relative to current conditions in this subwatershed under an
approved growth scenario assuming BMPs were implemented.

Table 4-4 Phosphorus loads by source in the West Holland River subwatershed
= = e c =
—~ = +— = (D) - - ©
[ © (@)] (¢D) c O
S 3 o IS 5 |3 S s 3 o
~ o< o [vf S 0 ST >
~ Q Lco |ok a_ |$c0 C c
o £ 0 o |ES%2 (068 [2oEwnw |22
@ c = = SE= |E0® |g=s 6= |S=
=} 0 € o ScE [ES2 |28 RuEFg |co
o = O O £ O o (@) E 3’ =0 =X o= c =
n L Ow OO0 | Ima NWO 2 |a<
Hay/Pasture | 359 335 -23 291 -13% 68 291
Crop Land 2,686 2,484 -202 893 -64% 1,793 893
Other 122 133 12 100 -25% 22 100
Low Intensity 46 37 -10 37 0% 10 37
Development
High 628 2,115 1,488 1,308 -38% -680 1,308
Intensity
Development
Stream Bank 14 20 6 20 -2% -6 20
Erosion
Groundwater | 342 303 -40 267 -12% 75 267
Point Source 20 20 0 20 0% 0
Septic 46 46 0 46 -1% 0 46
System
TOTAL 4,263 5,495 1,231 2,982 46% 1,281 2,962
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Figure 4-7 Phosphorus load estimates for all subwatersheds in the Lake Simcoe Basin, with
relative contributions from various sources

Chloride

The main source of chloride, in its various compounds, in the environment is from road salt. It
enters the environment through runoff from roadways as well as through losses from salt
storage and snow disposal sites. Due to its high solubility, chloride very easily contaminates
both surface and groundwater.

High levels of chloride, such as those found in runoff water draining from roads and salt storage
yards, can damage the roots and leaves of aquatic and terrestrial plants, and can also have
behavioural and toxicological impacts to animals. Continued exposure to high chloride levels
can cause a shift from sensitive communities to those more tolerant of degraded conditions
(including a number of invasive species that are able to thrive).
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Sediment

While a certain amount of sediment input is normal in a natural system, in larger amounts it
begins to cause a number of problems. Many contaminants, including phosphorus, bind
themselves to soil particles, and eroding soil acts as a vector for introducing these patrticles to
an aguatic system. There are also impacts to aquatic biota, which are discussed in greater
detail in Chapter 6, Aquatic Habitat.

There are a number of sources of sediment in the West Holland River subwatershed:

Agricultural areas: fields are particularly vulnerable to erosion whenever they are bare (e.g. after
tilling and in the spring prior to the establishment of crops). The flow of melt waters and
precipitation over the fields during these periods can result in a huge influx of sediment. In
addition, many farmers also remove treed windbreaks and much of the riparian vegetation along
watercourses flowing through their properties in order to maximize the cultivable land, both of
which help to prevent soil erosion. Practices such as conservation tillage and the use of cover
crops, as well as the implementation of appropriate BMPs will help to reduce soil loss and its
associated impacts on watercourses.

Development sites: these sites are often stripped of vegetation well in advance of development
in an effort to reduce costs as the development is built in phases. These bare soils are then
subject to erosion by both wind and water. The proper installation of erosion controls can
prevent some of the soil from reaching watercourses, but need to be inspected and maintained
regularly.

Urban areas: The use of sand as well as salt for maintaining safe road conditions during the
winter is commonplace. However, large quantities of sand remain on the roadsides after all of
the snow has melted in the spring, and if it is not removed (e.g. by street sweeping) in a timely
manner, much of it will be washed away by surface runoff during rain events. This is of
particular concern in areas without stormwater controls, as the sand will be transported directly
to local watercourses.

Recreation

Natural areas such as streams and rivers are a popular location for recreational activities such
as hiking, boating and snowmobiling. These activities if not managed correctly and undertaken
in a responsible manner, can reduce ecological condition of the surface water quality in the
area. Impacts from recreational activities can include increased bank erosion and instability,
loss of riparian area resulting in an increase in input of total suspended solids (TSS) and
pollution. Stresses on these sensitive areas are increasing as a result of increasing population
and diminishing natural heritage lands.

Water temperature — thermal degradation

The warming of surface water can generally be attributed to one of two factors: flow over
impervious surfaces, and/or the detention of water in a pond. During the summer, impervious
surfaces such as parking lots and rooftops can become extremely warm. As water flows over
these surfaces before discharging to a watercourse, its temperature increases as well. The
detention of water in a pond increases the surface area of the water that is exposed to sunlight,
and keeps it there for a prolonged period of time, leading to warming. Although online ponds are
the greatest concern due to their direct impact on the watercourse, offline ponds (including
stormwater ponds and detention ponds for irrigation) that discharge to watercourses are also a
concern. While the planting of vegetation around a pond and along its outflow, and the
installation of structures such as bottom-draws to ensure that the coolest water is being
discharged can help to reduce the heating effect, ponds will still have an impact on the thermal
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regime of a watercourse. This issue will likely worsen as the amount of impervious area in the
subwatershed increases in the coming years.

Pesticides

Given the large proportion of the subwatershed with agricultural and urban land uses, pesticide
use is a concern in the subwatershed. While pesticide for cosmetic purposes has been banned
by the Province of Ontario, which is a very positive step, there are a number of exceptions to
this law that allows for the use of pesticides for public health or safety (including the protection
of public works structures), golf courses, specialty turf, specified sports fields, arboriculture and
to protect natural resources, if certain conditions are met. There are also exceptions for
agriculture, forestry, research and scientific purposes, and uses of pesticides for structural
exterminations (e.g., in and around homes to control insects) and uses of pesticides required by
other legislation. Due to the number of uses still allowed for pesticides, there is still the potential
for these substances to end up in the subwatershed’s surface waters. There can be a number of
impacts to both terrestrial and aquatic systems due to pesticide contamination, including:

e Cancers, tumours and/or lesions on fish and animals;

¢ Reproductive inhibition/failure — reduced egg suppression and hatching, sterility;
e Nest and brood abandonment;

e Immune system suppression;

e Endocrine disruption;

e Weight loss;

e Loss of attention; and

e Loss of predator avoidance (Ongley, E., 1996, Helfrich et al., 2009).

The use of best management practices for the storage and use of pesticides can limit the
amount of pesticide required in a given area, and will also reduce the movement of the
pesticides from target areas. These practices should be promoted throughout the
subwatershed.

The LSRCA initiated sampling for pesticides in the West Holland River subwatershed in 2004
with the Toxic Pollutant Screening Program; the current program which was initiated in 2007
involves taking three samples each year in the subwatershed. As this is a relatively new
program, there are few samples from which to draw information; it is therefore difficult to
determine the state of this subwatershed with respect to pesticide levels. Continuation and
enhancement of this program will enhance our understanding of the extent and fate of
pesticides in this subwatershed, and may lead to the development of programs to prevent
pesticides from reaching area watercourses.
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Key points — Factors Impacting Water Quality - Stressors:

e The primary source of total phosphorus in the West Holland
subwatershed is from croplands (63%) and high density urban land use
(15%). Under the approved growth scenario modelled under ACS, there
is a projected increase in the total phosphorus loads of 29% if BMPs are
not implemented

e Most of the chloride in the subwatershed comes from the use of road
salt, with the estimated annual loads increasing in recent years with the
growing urban area in the subwatershed. It is expected that this load will
increase into the future as the urban area continues to expand.

e Sediment sources include agricultural areas, sites stripped for
development, and sand used on roads in the winter

¢ Increasing surface water temperatures can be attributed to overland flow
across impervious surfaces and discharge from ponds. This is a trend
that can be expected to increase in the coming years as the amount of
impervious area increases.
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Tools to Improve Water Quality: The Assimilative Capacity Study

The purpose behind the Assimilative Capacity Study (ACS) was to help the Lake Simcoe
Environment Management Strategy (LSEMS) partners to determine how much development
can be accommodated in the Lake Simcoe watershed and the management practices
necessary to minimize future phosphorus loading from the watershed or to reduce current
loadings, to meet the LSEMS remedial target for Lake Simcoe.

Study components

e The estimation of the assimilative capacity of the Lake Simcoe watershed required
the completion of several steps. These included:

Estimating the current contribution of phosphorus entering Lake Simcoe from all
existing point and non-point sources

Evaluating the potential reduction in phosphorus loading resulting from the
implementation of BMPs throughout the watershed on the current load

Estimating the impact of the future Official Plan designated population and urban area
growth on phosphorus loading within the watershed with and without the
implementation of BMPs

Establishing phosphorus targets in the form of Total Maximum Monthly Loads
(TMMLSs) for individual subwatersheds within the basin which are in turn linked to the
LSEMS lake phosphorus target load of 75 Tly

Assessing whether the TMMLs can be achieved and maintained under the future
growth scenario

e Recommending options for future growth based on the results.

These tasks were completed through the development of two water quality models,
CANWET, a watershed water quality model; and MIKE3\ECO Lab, a hydrodynamic lake
water quality model. These are discussed in further detalil in the ACS reports, which can be
found on the LSRCA website.

Phosphorus Targets: Developing Total Maximum Monthly Loads (TMMLS)

The practice of developing total maximum loads was first initiated by the United States
Environmental Protection Agency (USEPA) to regulate and protect degraded water
resources. Once a water quality indicator is identified, in this case total phosphorus, a target
value for that indicator is determined that will allow for the attainment of water quality
objectives. This target condition is established to provide measurable environmental
management goals and a clear linkage to attaining water quality objectives (i.e. PWQOSs).
The development of TMMLs in the Lake Simcoe watershed represents the first time this
method has been proposed for use in protecting water resources in Canada.

Two water quality objectives were necessary in the development of a Lake Simcoe TMML
phosphorus target setting strategy. The first objective considered was the existing LSEMS
lake target of 75 (T/y). The second was the PWQO for total phosphorus concentration
guideline for the streams and rivers flowing into the lake (0.03 mg/L). It is important to
understand that PWQO are not standards that must be met but rather objectives that are
recommended to ensure healthy aquatic ecosystems
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Summary of the Assimilative Capacity Study Results

Current Conditions

Sixteen out of 23 subwatersheds in the Lake Simcoe watershed, including the West Holland
River, exceed a PWQO-based load target. The West Holland River subwatershed’s modelled
phosphorus loads exceeded the PWQO based target in every month. The loads in this
subwatershed are highest in March during the spring freshet, and again later in June. The
concentration of total phosphorus is generally highest during the months of lowest flow, from
August to January. The primary sources of phosphorus in the West Holland River
subwatershed were found to be cropland and high-intensity developed land. The measured
phosphorus load for the period 2004-2007 was found to be 7,659 kg. The overall target load
for the West Holland River is 2,982 kg/year.

Committed Growth without Implementation of BMPs

Committed growth is the scenario involving population and urban expansion based on the
municipal Official Plan designations into the future. It does not include implementation of
enhanced BMPs to offset the impact of growth and is therefore the worst-case scenario
option. Not surprisingly, phosphorus loads delivered to West Holland River increase under
this scenario by approximately 29%. The majority of this increase is based on assumed
increased stormwater runoff from approved development proposed for the subwatershed.

Committed Growth with Full Implementation of BMPs

The last scenario modelled involves the population and urban expansion along with a full
implementation of BMPs to offset the impacts associated with development. The results of
this scenario indicate that an estimated total reduction of up to 28% (from 41.5 to 37.2 Tly)
could be achieved for the Lake Simcoe watershed. This result suggests that the continued
growth within the watershed could occur without impacting negatively on water quality.

Modelling results suggest that with BMP implementation, the West Holland River
subwatershed would observe a 46% decrease in its estimated total phosphorus load. The
estimated cost of implementation of the BMPs in the West Holland River is $21.9 million.
Approximately 94% of this cost is derived from the implementation of urban BMPs, such as
the installation or upgrades of stormwater management facilities. Approximately 6% would be
derived from agricultural BMPs, such as nutrient management, cover cropping, and contour
farming. Very little of this cost (<1%) would be associated with stream protection BMPs,
which include fencing, buffer protection, and streambank stabilization.

4.4 Current management framework

There are numerous acts, regulations, policies and plans aimed at maintaining or improving
water quality. These include the Provincial Policy Statement, the Ontario Water Resources Act,
the Greenbelt Plan, Growth Plan for the Greater Golden Horseshoe, the Oak Ridges Moraine

Conservation Plan, the Lake Simcoe Protection Plan, and the Nutrient Management Act.

This management framework relates to many different stressors that can potentially affect water

guality, ranging from the discharge of material to urban development. In Table 4-5we categorize
12 such stressors, recognizing that many of these activities overlap and that the list is by no
means inclusive of all activities. The legal effects of this management framework broadly fall into
one of two categories. The first broad category we define as those having little or no legal

standing and are referred to as General or Have Regard to Statements in Table 4-5 and are
shown in blue. The second category includes those that have legal standing and must be
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conformed to; these are referred to as Regulated / Existing Targets in Table 4-5 and are shown

in green. In many cases an act, regulation, policy, or plan does not relate to the activity
specified, these are shown in red.

Table 4-5 Summary of current regulatory framework as it relates to the protection and
restoration of water quality

Stressor affecting water
quality

Conservation Plan (2002)

Greenbelt Plan (2005)
Provincial Policy Statement

Growth Plan for the Greater
Golden Horseshoe (2006)
(2005)

Nutrient management Act

(2002)
York Region Official Plan

Source Water Protection’
(2008)

Environmental Protection
Clean Water Act (2006) —
LSRCA Watershed

Ontario Water Resources
Act (1990)

Lake Simcoe Protection
Act (1990)

Plan (2008)
Development Policies

Oak Ridges Moraine
(2008)

Simcoe County Official

Plan (2007)

Peel Region Official Plan

(2008)

Growth, development
and site alteration

Application of road salt

Loss of natural heritage
features

Stormwater

Impervious surface

Discharge of material

Agriculture

Restoration

Septic systems

Climate change

| General/Have regard to statement | Regulated/Existing targets | No applicable policies

" PPS only specifies where private septics would be allowed, but doesn't give details around inspections/restrictions
2 Just general policy (not specific to road salt): ‘Every person that discharges or causes or permits the discharge of
any material of any kind into or in any waters or on any shore or bank thereof or into or in any place that may impair
the quality of the water of any waters is guilty of an offence’

3 Septic systems >10,000 L/day are regulated under OWRA (smaller systems under building code)

* One policy regarding replacement of septic systems that are in wetlands

° Specific policies within ORM planning area, otherwise this is a ‘have regard to’

® Within ORM planning area

"itis possible that many of these activities may be the addressed through policies developed under Source
Protection Plans, but this is dependent on the threats and stressors identified through the Threats Assessment

In this section we provide a summary the various acts, regulations, policies and plans as they
pertain to activities affecting water quality. This summary is to give context to future
management considerations and the opportunities and recommendations to improve water
quality. This summary is not intended to be comprehensive in terms of all the legislative pieces
that relate to water quality, or of the acts, regulations, policies and plans that are discussed
below — the reader is directed to each act, regulation, policy, or plan for a full assessment of
how it relates to water quality.
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4.4.1 Oak Ridges Moraine Conservation Plan (2002)

Among the objectives of the Oak Ridges Moraine Conservation Plan is to maintain, improve, or
restore all of the elements that contribute to the ecological and hydrological functions of the
ORM area, including the quality and quantity of its water and its other resources.

With respect to water quality this plan:

Requires a natural heritage evaluation to demonstrate that the development or site
alteration will have no adverse effects on key natural heritage features or their ecological
functions, and to specify a minimum vegetation protection zone to ensure that the
features are protected.

Prohibits development and site alteration in hydrologically sensitive features such as
streams, wetlands, kettle lakes, and seepage areas, and associated vegetative
protection zone.

Prohibits development and site alteration outside of Settlement Areas if it would cause
the total percentage of the area of the subwatershed with impervious cover to exceed 10
per cent. Approval authorities should strive to maintain at least 30 per cent of the area
outside of Settlement Areas in self-sustaining vegetation.

Requires applications for major development include a sewage and water system plan
that demonstrates that the quantity and quality of ground and surface water will be
maintained, and that the project will comply with the applicable watershed plan.

The plan also includes specific requirements for Stormwater Management such as:

4.4.2

Applications for development are required to demonstrate that planning, design and
construction practices that protect water resources will be used, including; minimizing
the removal of vegetation, grading, and soil compaction; keeping all sediment that is
eroded during construction within the site.

Stormwater Management Plans are to provide for an integrated treatment train approach
that uses a planned sequence of methods of controlling stormwater and minimizing its
impact by techniques that include lot level controls, conveyance controls, and end-of-
pipe controls.

Municipal development standards shall incorporate planning, design and construction
practices that will reduce the portions of lots and sites that have impervious surfaces;
and provide the flexibility to use alternative stormwater management techniques such as
directing roof discharge to rear yard ponding areas and using grassed swales.

The minimum standard for water quality is that 80 per cent of suspended solids shall be
removed from stormwater runoff as a long-term average.

Disposal of stormwater into a kettle lake is prohibited and new stormwater management
ponds are prohibited within key natural heritage features and hydrologically sensitive
features.

The Greenbelt Plan (2005)

One of the stated goals of the Greenbelt Plan is the ‘protection, improvement or restoration of
the quality and quantity of ground and surface water and the hydrological integrity of
watersheds.” This goal is supported by a number of policies in the plan that relates to the
Protected Country side areas of the Greenbelt.

The Water Resource System Policies requires:
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¢ Planning authorities to provide for a comprehensive, integrated and long-term approach
for the protection, improvement or restoration of the quality and quantity of water,

e Municipalities are required to protect vulnerable surface and ground water areas, such
as wellhead protection areas, from development that may adversely affect the quality
and quantity of ground and surface waters.

o Policies specifically related to Stormwater Management Infrastructure include:

o Stormwater management ponds are prohibited in key natural heritage features or key
hydrologic features or their vegetation protection zones.

o Applications for development and site alteration shall be accompanied by a stormwater
management plan which demonstrates that:

Planning, design and construction practices will minimize vegetation removal,
grading and soil compaction, sediment erosion and impervious surfaces

Where appropriate, and integrated treatment approach shall be used to minimize
stormwater management flows and structures through such measures as lot level
controls and conveyance techniques such as grass swales

The objectives of a stormwater management plan are to avoid, minimize and/or
mitigate stormwater volume, contaminant loads and impacts to receiving water
courses in order to protect water quality, minimize the disruption of pre-existing
(natural) drainage patterns and prevent increases in stream channel erosion.

The plan also contains policies specifically related to natural heritage features which would also
have an influence on water quality. See Chapters 6 and 8 for more information.

4.4.3 Lake Simcoe Protection Plan (2009)

The Lake Simcoe Protection Plan (LSPP) sets out very ambitious targets for improving water
guality in the lake and its tributary rivers and streams, and a number of policies for achieving
these targets.

The water quality targets in the Lake Simcoe Protection Plan are:

e To achieve 7 mg/L dissolved oxygen in Lake Simcoe (which equates to a phosphorus
load to the lake from all sources of approximately 44 tonnes/year).

¢ Reduce pathogen loading to eliminate beach closures
e Reduce contaminants to levels that achieve Provincial Water Quality Objectives or better

The policies to achieve these targets include those around stormwater, septic systems,
construction and aggregate extraction activities, and the development of a phosphorus
reduction strategy. These are outlined in further detail below.

In regards to Stormwater the LSPP requires:

e Preparation and implement comprehensive stormwater management master plans for
each settlement area in the Lake Simcoe watershed.

¢ Municipalities are to incorporate policies related to reducing stormwater runoff volume
and pollutant loadings from major development and existing settlement areas into their
official plans.

e Applications for major development must be accompanied by a stormwater management
plan that demonstrates, among other requirements:
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That an integrated treatment train approach will be used

How changes between the pre- and post-development water balance will be
minimized

How phosphorus loadings will be minimized

o Every owner and operator of a new stormwater management works to inspect and
maintain the works on a periodic basis.

In regards to Septic Systems, the LSPP requires development of a proposal for a regulation
under the Ontario Building Code act to:

o Designate the lands within 100 metres of the Lake Simcoe shoreline, other lakes and
any permanent stream of the watershed, as a prescribed area for required septic system
maintenance and re-inspections.

¢ Investigate new standards for septic systems.

e Place limitations on when and where new septic systems can be built within this 100
metre buffer around the lake and its streams and rivers.

The LSPP contains policies to minimize the impacts from exposed soils at construction and
mineral aggregate sites. These policies requires municipalities to ensure that the following
measures are incorporated into subdivision and site plan agreements:

o the removal of vegetation, grading, and soil compaction; and stipulating that the removal
of vegetation is not to occur more than 30 days prior to grading or construction

e structures to control and convey runoff are in place and exposed soils are seeded once
construction is complete

e sediment and erosion controls are implemented effectively

Phosphorus Reduction Strategy

The LSPP has set ambitious targets for reducing the phosphorus load to the lake which will
require a reduction from all sources in the watershed. To help accomplish this goal, the LSPP
contains policies for the development of a phosphorus reduction strategy, which will support a
phased, coordinated and adaptive management approach to reducing excess phosphorus
loadings. The policies also consider the need for innovative solutions to reducing phosphorus.

The phosphorus reduction strategy will include the development of subwatershed phosphorus
loading targets, an assessment of the sources of phosphorus loadings in the watershed
(including tributary sources and stormwater runoff) and an identification of practical and effective
actions that should be taken to address each source.

Additional Policies

The LSPP also contains a number of other policies which, while not directly related to water
guality but, will help to protect and enhance water quality in the West Holland subwatershed
when they are implemented. These include:

o Water conservation and efficiency initiatives, which will reduce surface runoff and
improve the efficiency of sewage treatment plants and septic systems

¢ Natural heritage targets around shorelines, the amount of high quality vegetative cover
and riparian cover, the protection of wetlands and other important features, restoration of
natural areas or features, and overall ecological health
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¢ Consideration of climate change and its potential effects throughout the Lake Simcoe
watershed

e The coordination of stewardship efforts throughout the watershed in order to capitalize
on the strengths of the various partners; increase effectiveness in cost-sharing,
communication and co-marketing; enhance stewardship opportunities; and champion
key new initiatives, technologies, and BMPs

4.4.4 Places to Grow Act — Growth Plan for the Greater Golden Horseshoe (2006)

Policies within this plan will help to maintain and/or improve water quality by directing
development to built-up areas and those areas that already have municipal water and
wastewater systems. Perhaps most important with regard to surface water quality are the
Growth Plan’s policies around Water and Wastewater. These include the following:

e The construction of new, or expansion of existing, municipal or private communal water
and waste water systems should only be considered where the following conditions are
met:

Strategies for water conservation and other water demand management
initiatives are being implemented in the existing area

Plans for expansion or for new services are to serve growth in a manner that
supports achievement of the intensification target and density target

e Municipalities that share an inland water source and/or receiving water body, should
coordinate their planning for potable water, stormwater, and wastewater systems to
ensure that water quality and quantity is maintained or improved

¢ Municipalities are encouraged to implement and support innovative stormwater
management actions as part of redevelopment and intensification

The Growth Plan also supports and builds on the protection offered to natural features in plans
such as the Greenbelt and ORMCP. Municipalities are encouraged to identify and develop
policies to protect natural features, the linkages between, and areas that complement them.

4.4.5 Provincial Policy Statement (2005)

Policies that are directly related to maintaining and/or improving water quality in the Provincial
Policy Statement (PPS) include:

¢ Planning authorities shall protect, improve, or restore the quality of water by
implementing necessary restrictions on development and site alteration to:

Protect municipal drinking water supplies

Protect, improve or restore vulnerable surface water and groundwater, sensitive
surface water features and sensitive groundwater features, and their hydrologic
functions, including:

= Promoting the efficient and sustainable use of water resources

= Ensuring stormwater management practices minimize stormwater
volumes and contaminant loads, and maintain or increase the extent of
vegetative and pervious sites

o Growth should be directed to promote the use of existing sewage and water services,
ensuring that these services can be provided in a manner that can be sustained by the
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water resources on which they rely, and that protects human health and the natural
environment.

e Growth is to be focused in settlement areas which, if implemented, should limit the
amount of natural area removed, thus maintaining their functions. Development and site
alteration are not permitted in features such as significant wetlands, woodlands and
ANSIs, or the lands adjacent to them, unless it can be demonstrated that there will be no
negative impacts on the natural features or their functions.

4.4.6 Nutrient Management Act (2002)

The goal of the Act is to set standards for nutrient management on farms that create nutrients
(such as manure, biosolids, and fertilizers) and for farms that use these materials. The Act and
its regulations are currently limited to farms that create over 300 nutrient units (one nutrient unit
is equivalent to the amount of nutrient that is created by approximately one cow), or those
smaller farms that are expanding and will be generating over 300 nutrient units.

Farms that generate manure are required to complete a Nutrient Management Strategy — a
document that shows how much manure and/or other materials prescribed by the regulation are
produced, how they will be stored, and where they will be used. Farms that use or store manure
or other prescribed substances on their land, but do not generate manure for removal are
required to complete a Nutrient Management Plan. These plans include many similar
components to the Nutrient Management Strategies, but must also include contingency plans
for situations such as weather preventing the application of the material on the field or if storage
becomes too full.

This Act gives current best management practices the force of law, and creating
comprehensive, enforceable, province-wide standards to regulate the management of all land-
applied materials containing nutrients. Specific regulations of this Act include:

e Restrictions on how and where farmers can apply nutrients to their land.

e Setbacks from sensitive features such as wells and streams are required for new barns
that will be storing manure.

4.4.7 Ontario Water Resources Act (1990)
With respect to water quality, the Ontario Water Resource Act (OWRA):

e Requires that construction of new water works (including sewage treatment works and
stormwater management facilities) or alterations to existing works may proceed only
after a Certificate of Approval under Section 53 of the Act has been issued by the MOE.
This enables MOE to track the amount of pollutant being discharged into the water, and
ensures that project designs meet the proper specifications.

¢ Prohibits the discharge of material of any kind into waters (or on the shore or bank of a
water body) that may impair the quality of water

e States that every person that discharges or causes or permits the discharge of any
material of any kind into or in any waters or on any shore or bank thereof or into or in
any place that may impair the quality of the water of any waters is guilty of an offence.

The OWRA also enabled the development of water quality of objectives to provide the basis
upon which the limits of the uses of water resources can be established in order to protect water
guality. The Provincial Water Quality Objectives (PWQO) established under this directive,
provide a series of goals, policies and guidelines are intended to assist those making decisions
under or related to the OWRA and the Environmental Protection Act (See EPA below). For
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example, they give directions that assist in defining site specific effluent limits, which may then
be incorporated into Certificates of Approval or control orders. The policies and guidelines do
not have any formal legal status.

The PWQOs are numerical and narrative criteria which serve as chemical and physical
indicators representing a satisfactory level for surface waters and groundwater (where it
discharges to the surface). PWQOs are set at a level of water quality which is protective of all
forms of aquatic life and all aspects of the aquatic life cycle during indefinite exposure to the
water. PWQOs are intended to provide guidance in making water quality management decision
such as the designation of surface waters which should not be further degraded. They are used
to assess ambient water conditions, infer use impairment, assist in assessing spills, and in
monitoring the effectiveness of remedial actions. The publication states that meeting the PWQO
is a minimum requirement, and that considerations such as ecosystem health, the additive
effects of more than one chemical, or the protection of other uses may lead to more stringent
requirements.

4.4.8 Environmental Protection Act (1990)

The main policy of the Environmental Protection Act (EPA) that will help to protect water quality
is that ‘...a person shall not discharge a contaminant or cause or permit the discharge of a
contaminant into the natural environment, if the discharge causes or may cause an adverse
effect.” This does not apply to discharges that are authorized under this Act or the OWRA if the
discharge does not cause and is not likely to cause an adverse effect. It also does not apply to a
discharge of a contaminant that arises when animal wastes are disposed of in accordance with
normal farming practices, when the only adverse effect that is caused or may be caused is the
impairment of the quality of the natural environment for any use that can be made of it.

The EPA enables a Director of the MOE to:

e order someone who causes or allows the discharge of a contaminant that results in
injury, damage, or endangerment to land, water, property, animal or plant life, or human
health or safety to prevent or repair the injury or damage or (if water supplies are
threatened) provide temporary or permanent water supplies.

e require a person who owns a property or has management of an undertaking to put in
place equipment and/or precautionary measures to be in place to prevent the discharge
of a contaminant or to minimize its impact if it is released into the environment.

e issues stop orders or control orders where a contaminant has been released in a
concentration or level that exceeds that prescribed by the regulations.

4.4.9 Clean Water Act (2006) — Source Water Protection

While its aim is to protect sources of drinking water, a number of the initiatives included the
Clean Water Act will help to improve water quality throughout the subwatershed. The goals of
the Act are to identify threats to drinking water, and then implement changes to reduce or
remove those threats. A Source Protection Plan will be prepared for each Source Protection
Area. This plan may set out significant threat policies to which planning decisions must conform
— they will affect future activities and land use planning around wellheads and water intakes.
The plan may also provide for the prohibition of certain activities and the use of risk
management plans to impose conditions on certain activities, and may include policies for which
municipalities must have regard in other vulnerable source water areas such as moraines,
aquifers, headwaters and recharge areas. Implementation of Source Protection Plans will
include the incorporation of the Plan’s policies into municipal Official Plans, changes to zoning
by-laws, and inspections and enforcement.
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4.4.10 LSRCA Watershed Development Policies

Although not extensive, the LSRCA Watershed Development Policies do address the protection
of water quality. Policies include:

Requiring Enhanced Level 1 stormwater quality protection for all new developments in
the watershed

Requiring erosion and sediment control plans for plans of subdivision

Protecting environmentally significant areas, wetlands and floodplains (as permitted
under its mandate) and their functions, which will maintain water quality

4.4.11 York Region Official Plan (2009)

York Region’s Official Plan (OP) includes a number of policies related to the protection of the
guality of both ground and surface water. The policies within the OP related to water quality
include:

The preparation of a comprehensive regional water strategy for both piped services and
surface and groundwater sources that will include long-term protection strategies,
enhancement guidelines and monitoring requirements;

That the natural quality and hydrological characteristics of watercourses and lakes
(including water quality and temperature) will be maintained, and that development be
designed with the goal of maintaining water balance

Directing development away from sensitive surface water and groundwater features

Continuing to partner with other regions and conservation authorities to study, analyze,
and monitor ground and surface water resources to ensure a unified approach to
protecting and enhancing water quality and quantity

Monitoring the quantity and quality of surface and ground water systems in York Region,
in co-operation with local municipalities and conservation authorities) by:

- Assessing the sustainability of current activities and land uses

- ldentifying areas that are susceptible to, or currently experiencing, water quality
and quantity problems

Requiring local municipalities to establish policies and programs to protect, enhance,
and monitor water systems

Encouraging agricultural land management practices that minimize the application of
pesticides and nutrients

Working with partners in the implementation of stormwater management initiatives

Requiring the preparation of comprehensive stormwater management plans as a
component of secondary plans

Requiring that development have an integrated and innovative approach to water
management, be water efficient, and maximize stormwater quality, quantity, and
infiltration through an integrated treatment approach

Encouraging innovative approaches to stormwater within secondary plans

Requiring owners and operators of stormwater management works to inspect, maintain,
and monitor effluent quality on a periodic basis
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Working with local municipalities and LSRCA in the preparation and implementation of
comprehensive stormwater master plans for each settlement area within the Lake
Simcoe watershed by 2014

Working in partnership with local municipalities, conservation authorities, adjacent
municipalities and other agencies to co-ordinate watershed planning initiatives and
implement watershed plan objectives; and supporting the goals and objectives of
watershed plans

In addition to these policies, York Region’s protection of the regional Greenlands System will
help to ensure that the functions of the Region’s natural features, such as the filtering effect of
wetlands, will continue to protect and enhance water quality.

4.4.12 Simcoe County Official Plan (2007)

This plan does contain some policies related to the protection and enhancement of water
quality. These include:

Policies related to development in and around wetlands, significant forests, and other
natural heritage features, the protection of which will help to maintain water quality

Requiring a Stormwater Management Report for all plans of subdivision or the creation
of more than five lots; as well as industrial, commercial, or institutional developments
with more than 1000 m? of impervious area.

Encouraging the maintenance and restoration of natural heritage areas within rural and
agricultural areas; and the protection of the areas designated Greenlands, one of the
objectives of which is to protect, improve, and restore the quality and quantity of surface
and ground water.

Encouraging good farm and land stewardship practices and stewardship and education
programs

Stating that land use planning and development decisions shall contribute to the
protection, maintenance, and enhancement of water and related resources and aquatic
ecosystems

Ensuring that new development is sufficiently set back from rivers and streams in order
to develop vegetative corridors along watercourses

4.4.13 Peel Region Official Plan (2008)
Palicies in the Official Plan around the protection and enhancement of water quality include:

Protecting, maintaining and enhancing the quality and quantity of water resources,
including surface and groundwater system, and related natural systems, jointly with local
municipalities, conservation authorities, and other related agencies; and directing area
municipalities to establish policies and programs to protect, maintain, and enhance water
resources

Preparing green development standards, and encouraging area municipalities to do the
same

Adopting policies and establishing programs for the restoration of the natural
environment in Peel, working jointly with local municipalities, the conservation authority
and other partners
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¢ Encouraging area municipalities, in consultation with conservation authorities, to
promote and enforce soil conservation measures on developing land

o Promoting and participating in the development of watershed plans

e Protecting, maintaining and enhancing the integrity of ecosystems through the proper
planning and managing of groundwater resources and related natural systems in Peel

¢ Working with partners to protect, maintain, and enhance groundwater resources

¢ Directing area municipalities to include, in their official plans, objectives and policies for
the management of stormwater quantity and quality that would avoid, minimize and/or
mitigate stormwater volume, contaminant loads, and impacts to receiving watercourses

e Supporting programs of partner organizations which encourage farmers to develop and
follow conservation measures and sustainable farming practices

e Supporting the initiatives of partners which encourage sound agricultural land
management and soil conservation practices and other measure that minimize or
eliminate the amount of pesticide, nutrients, silt and other contaminants which have the
potential to enter ground and surface water systems

e Preparing, in consultation with area municipalities, conservation authorities, and other
partners, a climate change strategy to address mitigation and adaptation

¢ Protecting and/or enhancing the features and functions of the regional Greenlands
system, which will help to maintain or improve water quality

4.5 Management gaps and limitations

Clearly there are already numerous legislations, regulations and municipal requirements aimed
at protecting West Holland River water quality. Despite this strong foundation, there are a
number of gaps and limitations in the management framework that need to be considered,
including a number of emerging issues such as the effects of climate change and the potential
for new water quality contaminants such as pharmaceuticals. This section provides an overview
of factors that need to be considered in the future management of the subwatershed.

4.5.1 Growth, Development and Site Alteration

These activities are strongly regulated in areas such as key natural heritage features, key
hydrologic features, and shorelines through the ORMCP, Greenbelt Plan, Lake Simcoe
Protection Plan, York Region’s and Simcoe County Official Plans, and LSRCA Watershed
Development Policies. The protection of these features and functions serves to prevent further
deterioration of the West Holland’s water quality. There are, however, limitations with these
policies:

e For many natural heritage features (other than wetlands) it is only those considered
significant that are protected, and in general only those considered provincially
significant are protected. Although they are not considered to be significant, these
features still perform important functions in the watershed, and the development of these
areas and loss of these functions will have impacts to watershed health. Wetlands are
now well protected through the Generic Regulation (179/06);

¢ The policies that apply to hydrologic features are not consistent across the
subwatershed — the definition of a key hydrologic feature is different for the ORMCP
area, the Greenbelt Plan area, and the LSPP area which covers the remainder of the
subwatershed. Features such as seepage areas, springs, aquifers and recharge areas
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are protected in the ORMCP area, but not the LSPP area, and the Greenbelt Plan
includes seepage areas and springs but not aquifers and recharge areas. These
discrepancies can leave some of these features unprotected.

e Some plans specify a minimum vegetation protection zone (e.g. the ORMCP and
Greenbelt Plan), and also identify a further ‘area of influence’ (as it is referred to in the
ORMCP) outside of the minimum vegetation protection zone. Within this area of
influence, a proposal for development or site alteration triggers the requirement for a
natural heritage and/or hydrologic evaluation. This evaluation is meant to describe the
existing conditions, assess the potential impacts from proposed development/site
alteration and determine if the minimum vegetation protection zone provides sufficient
protection. If the minimum vegetation protection zone is not found to be sufficient, the
evaluation should specify the dimensions of the required minimum vegetation protection
zone. While the goal of these policies is undoubtedly to protect the features, in reality the
required evaluations rarely specify anything greater than the minimum; in essence the
minimum becomes the maximum distance. There is therefore little further protection
gained through this process for these features and their functions by way of a buffer
distance.

45.2 Road Salt

There is no legislation that specifically regulates the application of road salt. The ORMCP,
Greenbelt Plan, Growth Plan for the GGH, and the OWRA address it either through broad ‘have
regard for’ policies, or general water quality statements.

These are very general policies that in no way require the management of road salt and its
impacts to water quality and aquatic biota. Urban areas have been expanding in the
subwatershed, and thus the increasing chloride concentrations are not unexpected. However,
while safety must obviously continue to be the priority for road salt use, municipalities should
continue to explore the most environmentally friendly options for maintaining safe roads in order
to protect the subwatershed’s water quality and the aquatic communities residing within its
watercourses. These options include ensuring the proper timing and amount of road salt
application, as well as exploring the use of alternative de-icing substances. York Region has
adopted a Salt Management Plan for this purpose. Local municipalities within the subwatershed
should adopt similar plans and/or the Code of Practice for the Environmental Management of
Road Salts (Environment Canada, 2004).

45.3 Stormwater

The ORMCP, PPS, Greenbelt Plan, Growth Plan, LSPP, Official Plans, and LSRCA
Development Policies all contain some form of policy recommendation around requirements for
stormwater management. Although some of these are ‘*have regard for’ statements, there is
policy support to require that all applications for development within the Lake Simcoe watershed
are required to have Enhanced Level 1 stormwater control or better. The LSPP has gone a step
further and contains several policies around reducing the impacts of stormwater. These are
highlighted in the above section. While these policies are an important step in reducing the
impacts of stormwater, there are some limitations:

e There are no required timelines for the implementation of the recommendations of
stormwater master plans required through the LSPP

e There is no mention of funding support for the implementation of such activities as
stormwater retrofits in the LSPP
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¢ While municipalities are required to incorporate policies around stormwater including
encouraging a hierarchy of treatment, the implementation of innovative stormwater
management measures, allowing for flexibility in development standards around
alternative community design and stormwater techniques, this does not necessarily
mean that developers will adopt these standards. Municipalities should require some or
all of these practices rather than encouraging their use in order to create a level playing
field for all developers undertaking works in the watershed, otherwise there is little
incentive to change standard practices.

4.5.4 Impervious Surfaces

The ORMCP, Greenbelt Plan and Regional Official Plans contain policies around that aim to
limit impervious area to a certain level, while the PPS, LSPP and LSRCA Watershed
Development Policies contain more general statements about striving to limit impervious area.
These policies are limited in scope, and there are gaps in the geographic area covered. The
issues with these policies include:

¢ The ORMCP and Greenbelt Plan do set a limit of 10 per cent, but these limits apply only
outside of Settlement Areas in the ORMCP, and only in the Natural Heritage System of
the Greenbelt. Thus there is no defined limit areas within the ORMCP and Greenbelt
Plan areas not covered by these policies, as well as areas outside of the ORMCP and
Greenbelt boundaries, and the subwatershed’s impervious area could easily exceed 10
per cent

e York Region’s policies around impervious surfaces only apply in the ORMCP area

e There is no agency ensuring that subwatershed impervious areas do not exceed the
defined limit

e Approval agencies should be striving for either a reduction in impervious areas on
development sites or the mandatory use of practices that increase infiltration in order to
reduce the impacts of impervious area within the subwatershed

455 Discharge of Material

The OWRA, EPA, Nutrient Management Act, Clean Water Act, and Official Plans all contain
policies related to the discharge of materials that would impact water quality. Some are related
to specific activities and/or contaminants; for example the Nutrient Management Act is mainly
related to the phosphorus and bacterial contaminants from agricultural activities, whereas the
Clean Water Act is concerned with the protection of drinking water. Others regulate the
discharge of substances that have the potential to impair water quality. The limitations with
these policies include:

¢ Much of the regulation is related to point sources of pollutant (e.g. WWTPs, industrial
activities, stormwater ponds) and do not generally address non-point sources of pollutant

¢ Cumulative impacts are generally not considered — the Province has developed
Provincial Water Quality Objectives under the EPA and OWRA, but the objectives and
their related policies have no legal standing, and are generally seen as merely
guidelines, not as limits to be strictly adhered to. There is no enforcement related to
exceedances of these objectives. This has led to ever deteriorating water quality
conditions in the subwatershed which will require a significant investment to rehabilitate
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4.5.6

The LSPP identifies a target of achieving the PWQO or better in its watersheds, but
while it does include a number of policies aimed at improving water quality, there are
none that specifically identify how the PWQO target will be reached

The Nutrient Management Act only applies to farms of a certain size or that store and/or
utilize a minimum amount of manure

Agriculture

The Nutrient Management Act contains the most stringent of the policies related to agriculture,
as it requires plans for the management of contaminants created and/or stored on farms. Other
policies relate to the protection of agricultural resources, but few relate to the management of
contaminants from agricultural areas, with only ‘have regard to’ statements encouraging the use
of agricultural BMPs.

4.5.7

There are no policies that regulate or require the use of BMPs such as cover crops,
conservation tillage/no tillage, wind breaks or other practices that would protect water
guality

Also lacking are policies requiring livestock to be fenced and kept out of watercourses,
an activity that causes numerous water quality issues as well as causing bank instability

There is nothing that requires farmers to test soils to ensure that the use of fertilizer is
actually required — many farmers simply fertilize at certain times every year, without
testing the soil to ensure that it is actually necessary, which may be resulting in
unnecessary inputs of nutrients into the subwatershed.

Restoration

Most of the policies related to restoration are quite general in nature, and do not contain specific
requirements. Some require applications for development in site alteration in key hydrologic
features and key natural heritage features to be accompanied a natural heritage or hydrologic
evaluation, which in some cases requires the applicant to include planning, design, or
construction practices that will maintain and, where feasible, improve or restore the health, size
and diversity of the feature.

45.8

Septic Systems

Policies relating to septic systems are included in the PPS, ORMCP, OWRA, LSPP, and the
York Region Official Plan. These policies range from outlining the types of developments where
septic systems may be constructed (as is the case in the PPS) to those policies in the ORMCP
and LSPP which do not allow for the construction of any new septic systems, on the ORM and
within 100 metres of Lake Simcoe or any of its permanent streams, respectively. The issues
around the policy framework include:

The ORM policy is the only one that will help to protect the quality of groundwater from
malfunctioning septic systems, policies such as those in the Lake Simcoe Protection
Plan will mainly serve to protect surface water

These policies do not require the regular inspection of existing systems, leaving both
surface and groundwater vulnerable to contamination. The LSPP’s proposed regulation
under the Ontario Building Code for required septic system maintenance re-inspections
for systems within 100 metres of Lake Simcoe or any of the watershed’s permanent
streams is a good step. However the appropriate agency should ensure that funding is
available to residents within these areas to undertake required system maintenance
and/or repairs identified through this program
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4.5.9 Climate Change

Climate change is generally not well addressed in the current management framework. The
LSPP contains the most comprehensive policies related to this issue which, although it is still
difficult to predict its impacts, may exacerbate water quality issues in this subwatershed. The
adaptation strategy that will be developed through the LSPP is a significant first step in
addressing this issue, and some of the Official Plan policies are beginning to consider climate
change as well. While it may not be appropriate for some of the existing legislation to address
climate change issues, it will be important to incorporate climate change considerations
wherever possible in making management decisions for the subwatershed, and implement
policies requiring, at the very least, the implementation of so called “no regrets” options should
be incorporated into development and site alteration wherever possible.
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Emerging Contaminants

As anthropogenic activities increasingly impact our natural areas, the potential for introduction of harmful
substances becomes more of a concern. It is for this reason that a Toxic Pollutant Screening Program was
initiated by the Lake Simcoe Region Conservation Authority in 2004. The goal of this project was to develop a
better understanding of the location and prevalence of certain elements, chemicals, and chemical compounds
that have the potential to negatively impact either human or aquatic life in the watershed. Sampling through this
program revealed that there are currently some substances whose levels exceed regulatory guidelines in some
Lake Simcoe tributaries. In addition, there were some substances, such as pharmaceutical products, that were
not included in this monitoring work. Many of these substances have the potential to impact humans and affect
aquatic life.

Endocrine Disrupting Chemicals

Endocrine disrupting chemicals (EDCs) are chemicals which adversely affect the endocrine system, which is a
set of glands and the hormones they produce which guide development, growth, reproduction, and behaviour.
Harmful effects have been observed on wildlife and humans including reproductive disorders, impacts on
growth and development, as well as the incidence of some cancers. EDCs can come from both natural and
man-made sources including pesticides; hormones, including both natural and synthetic which are used in oral
contraceptives and in livestock farming; and can be the product of industrial processes such as incineration. In
nature, EDCs including PCBs and other man-made chemicals have caused, among other issues, severe
reproductive problems in fish and birds, swelling of the thyroid glands in numerous animal species, reduction in
frog populations, and, in birds, the thinning of eggshells. The Lake Simcoe Region Conservation Authority’s
Toxic Pollutant Screening Program included monitoring for organochlorine pesticides, which are EDCs. These
substances were not detected in any of the samples taken in the East Holland River subwatershed.

Pharmaceuticals and Personal Care Products

The presence of pharmaceuticals and personal care products (PPCPs) in the natural environment has been a
growing concern over the past two decades, and will become more prevalent with the growing population and
increasing use of these products. While the effects of pharmaceuticals on humans during the course of
treatment are very well studied; the impacts of their by-products after use is not. Although some of the products
and their by-products can be broken down incidentally at Waste Pollution Control Plants, the plants are
generally not equipped to remove PPCPs from waste water. Studies have shown hormones, antibiotics, anti-
inflammatory drugs, fragrances, antiseptics, sunscreen agents and a host of other PPCPs in varying amounts
in the environment, though they are mostly seen within 100 metres of a waste water treatment plant discharge.
In general, the levels in the environment are quite low; however, the effects of prolonged exposure to low levels
are not well known. Some studies have shown that PPCPs have the potential to alter physiology, behaviour,
and reproductive capacity. Concerns in the environment related to PPCPs include endocrine disruption in
aquatic life and antibiotic resistance. Further understanding of these and other concerns is required in order to
determine potential steps.

Polybrominated Diphenyl Ethers

Polybrominated Diphenyl Ethers (PBDES) are emerging as a chemical of concern to both human and
environmental health due to their persistence and ability to bioaccumulate in the environment. PBDEs are a
group of chemicals used as flame retardants in a number of manufactured products, particularly in plastics.
They are found in most homes and businesses in products such as electronics, TVs, textiles, cars, aircrafts,
construction products, adhesives, sealants, and rubber products. They have become an increasingly common
pollutant and have been found in samples taken in air, water, and land. PBDEs have been also been detected
in a number of species (including humans) worldwide and studies are finding that levels of PBDEs have been
increasing steadily and substantially over time. In the Canadian environment the greatest potential risk from
PBDEs is secondary contamination in wildlife from the consumption of prey with elevated PBDE levels as well
as effects on benthic organisms through exposure to PBDEs in sediments.

Due to the environmental persistence and bioaccumulation of PBDESs they are defined as toxic to the
environment as defined under the Canadian Environmental Protection Act (CEPA. Currently Canada is
proposing a ban on the import and manufacture of a number of forms of PBDEs. This ban however does not
include the decaBDE form, the most commonly used form. Efforts to control the release of decaBDE would
involve working with industry and stakeholders to minimize the impact of PBDEs in the environment. Through
the federal government, environmental objectives are also being proposed for virtual elimination of a number of
forms of PBDEs detectable in the environment.
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4.5.10 Agriculture

Although there are currently no requirements for farmers to undertake BMPs such as cover
crops, conservation tillage, the planting of wind rows, and leaving riparian buffers intact, there
are a number of available programs to assist farmers to implement these programs. In
particular, the LSRCA'’s Landowner Environmental Assistance Program (LEAP) provides
guidance and funding for a number of types of projects; and there are a number of policies in
the Lake Simcoe Protection Plan related to agricultural stewardship.

4.5.11 Atmospheric deposition

The municipalities have requirements for sediment and erosion control from ongoing
developments; and the LSPP is also proposing the use of best practices to minimize the amount
of dust erosion from sites. There are few, if any, policies around preventing erosion from
agricultural lands, although there are a number of funding programs for the implementation of
BMPs.

Although there are some policies and/or by-laws in place, it will be important to ensure that
there are sufficient resources for their enforcement in order to prevent inputs from this source.

4.6 Recommended Actions to Improve Water Quality

The following recommended actions were developed to improve water quality in the West
Holland River subwatershed. The main parameter of concern identified through the
development of the subwatershed plan was phosphorus, which has exceeded the Provincial
Water Quality Objective in every water quality sample in the main branch over the past number
of years, as well as chloride. Much of the impact on water quality can be attributed to the large
area of the subwatershed in agriculture, which includes the Holland Marsh, and also the urban
areas of Bradford, Schomberg, and Kettleby. Inputs of stormwater runoff from agricultural areas
as well as from uncontrolled urban areas are extremely high in phosphorus, and high levels of
chloride have been observed, particularly around Highway 400. The implementation of the
actions outlined below will help to mitigate the impacts of the existing urban and rural land uses,
as well as the growth that is to come in the Town of Bradford, on the water quality in this
subwatershed.

These recommendations, which are grouped and numbered as described in Section 1.4, were
developed to address the water quality issues and stressors that were identified throughout this
chapter. In addition, they consider, and are consistent with applicable policies and
recommendations in the province’s Lake Simcoe Protection Plan, and the LSRCA'’s Integrated
Watershed Management Plan. Each recommendation below also identifies the applicable
‘detailed recommendations’ as outlined in Chapter 10. These detailed actions will form the basis
of the Implementation Plan for York Region’s ORM subwatersheds, to be developed following
the completion of this plan.

4.6.1 Planning and Policy

1) That the municipal partners and the LSRCA strive to reduce the impacts of stormwater
through a number of methods including the implementation of policies and guidelines and
enabling the use of new and innovative technologies, retrofitting of existing developments.

Detailed recommendations: A.1.1 — A.1.3

2) That the partner municipalities act to improve water quality by implementing measures to
prevent and/or mitigate impacts from septic systems, development, and other activities that
may cause impairment.
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Detailed recommendations: A.2.1 — A.2.4

3) That the Province develop binding criteria for specific contaminants within the Lake Simcoe
watershed, as well as criteria for addressing emerging substances of concern

Detailed recommendations: A.2.5 - A.2.8

4) That the municipal partners and the LSRCA strive to maintain natural hydrologic conditions
on development sites

Detailed recommendations: A.3.1 — A.3.2

5) That the federal, provincial, and municipal governments, as well as the LSRCA, continue to
evaluate and implement planning initiatives and practices aimed at reducing the impact of
development on the condition of the West Holland subwatershed

Detailed recommendations: A.3.3 - A.3.5, C.1.2

6) That the value of the ecological goods and services (EGS) provided by ecological features
be considered in decision making around growth and development

Detailed recommendation: A.3.6

7) That the rural/agricultural community be engaged in developing solutions for minimizing the
impacts of practices on their lands

Detailed recommendation: A.4.1

10) That the Province, the municipal partners, and the LSRCA seek to gain an improved
understanding of the impacts of climate change in the West Holland subwatershed,
incorporating this information into decision making scenarios and developing strategies to
mitigate and adapt to its impacts.

Detailed recommendations: A.6.1 — A.6.2, G.1.1 - G.1.3

4.6.2 Use of Better Management Practices

11) That the LSRCA and its municipal partners continue working to mitigate the impacts of
stormwater to water quality and quantity through tracking its sources, completing stormwater
retrofits, promoting methods of minimizing stormwater volume, and continuing to research
new and innovative solutions to stormwater control and implementing these solutions where
appropriate.

Detailed recommendations: B.1.1 — B.1.5

12) That support for programs offered to assist rural landowners in implementing BMPs on their
properties, such as LSRCA’s LEAP program, be continued and/or expanded as resources
permit

Detailed recommendations: B.2.1 — B.2.3

13) That sectors that have the potential to have significant impacts on conditions in the West
Holland subwatershed be expected to undertake BMPs and other activities to mitigate their
impacts, as required under the LSPP

Detailed recommendations: B.2.4 — B.2.5
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4.6.3 Changing the Way things are done ‘on the ground’

16) That the LSRCA and its partner municipalities strive to maximize the infiltration of
stormwater where appropriate through development approvals and the use of practices and
technologies

Detailed recommendations: C.1.1, C.2.1 - C.2.2

17) That the partner municipalities, the LSRCA, and the related stakeholders work to reduce the
impacts of construction practices on the West Holland subwatershed’s water quality

Detailed recommendations: C.3.1 — C.3.2

18) That the partner municipalities continue to work to minimize the environmental impacts of
road maintenance activities (e.g. chloride levels, sediment, phosphorus) on local
watercourses

Detailed recommendations: C.4.1 - C.4.6

4.6.4 Applied Research and Science

19) That the Province, LSRCA and the municipal partners continue to work to identify sources of
phosphorus within the subwatershed in order to set targets and develop strategies and
solutions for reducing loads within the West Holland subwatershed

Detailed recommendations: D.1.1 - D.1.4, D.1.8 - D.1.13

21) That all partners continue to research techniques that may be undertaken in the
subwatershed for improving water quality

Detailed recommendations: D.1.6 — D.1.7

4.6.5 Monitoring

29) That the LSRCA, partner municipalities, and developers undertake efforts to minimize the
impacts of construction through the use of on-site practices aimed at protecting water
guality; and by conducting monitoring to ensure the effectiveness of these practices.

Detailed recommendations E.3.1 — E.3.2

4.6.6 Management, Rehabilitation and Restoration

37) That the LSRCA continue to utilize buffer requirements and timing guidelines as tools to
protect aquatic resources, and that other activities such as stormwater retrofits, tree
planting, and habitat enhancement be undertaken to enhance aquatic habitat

Detailed recommendation: F.1.17

38) That the LSRCA and the partner municipalities assess the feasibility of increasing natural
cover (e.g. woodland, streambank vegetation, interior forest, grassland) in the subwatershed
and set priorities and develop plans to undertake this enhancement, based on overall
benefit to the subwatershed.

Detailed recommendations: A.5.3, F.2.1 - F.2.5

4.6.7 Adaptive Response

47) That the LSRCA and partner municipalities work to reduce their carbon footprint and to
increase ecological resilience in the watershed

Detailed recommendations: G.1.1 — G.1.3
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5 Water Quantity (surface and groundwater)

5.1 Introduction and Background

The effective management of water resources requires the accounting of the total quantity of
water and its distribution within a watershed, known as a water budget. The input into the
budget is the total amount of precipitation within a watershed and the outputs include
evaporation, transpiration, infiltration (movement of water into the subsurface), and runoff (or
overland flow) into rivers and streams, which all make up components of the hydrologic cycle.

Surface water quantity deals with components of the hydrologic cycle that move overland and
are within lakes, streams and wetlands. Surface flow is comprised of groundwater discharge
into rivers and streams, overland flow from rain, snow melt and precipitation that falls directly
into lakes, rivers, streams and wetlands.

Groundwater quantity deals with components of the hydrologic cycle that are present below the
earth’s surface, in the spaces between rocks and soil particles. The discharge of groundwater to
lakes and streams remains relatively constant from season to season; it therefore forms an
important part of the surface water flow system, and is particularly important when surface
runoff is at is lowest levels, when it can be the only source of water.

Many natural systems rely on a consistent supply of groundwater. Fish species that depend on
coldwater conditions for their survival require a very high ratio of cold, clean groundwater to total
stream flow. Many ponds and wetlands are maintained by groundwater flow during the dry
summer months. In many areas throughout the subwatershed, humans are extremely
dependent on a reliable supply of groundwater for many purposes including irrigation of fields,
potable water, industry, and recreation.

The physical properties within a watershed such as drainage area, slope, geology and land use
can influence the distribution of the water and the processes that function within a watershed.
This chapter quantifies the surface and groundwater components within the hydrologic cycle for
the subwatershed and also identifies how the rural and urban land uses in the West Holland
subwatershed have altered the hydrologic cycle (Figure 5-1), including changes to the surface
flow volumes, annual flow patterns and the risk of flooding.
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Figure 5-1 Hydrologic cycle (USGS, 2008)
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5.1.1 Understanding the Factors that Affect Water Quantity

There are several factors that influence the quantity of surface and groundwater available within
a subwatershed. They are climate, geology, land use and water use.

Climate

Both surface and groundwater quantity can be influenced by a number of climatic factors,
including precipitation, evaporation, and evapotranspiration. Precipitation is the main climate
variable that has a direct influence on the quantity of water available, since it is the main input
into the system. The amount of precipitation that falls, particularly in one event, will have a
significant influence on how much infiltrates into the soil, and how much will runoff. An intense
storm event, where a large quantity of precipitation falls over a short time will direct most of the
precipitation overland, as will a significant snowmelt event. The West Holland subwatershed lies
within the Simcoe and Kawartha Lakes Climatic Region (Brown et al.,1980), which is
characterized by having relatively predictable precipitation patterns, with the mean annual
precipitation for the subwatershed being approximately 815mm/year (Earthfx & Gerber, 2008).
However, it should be noted that precipitation patterns have become less predicable in recent
years, perhaps due to climate change. For example, in the last four years within the Lake
Simcoe basin alone there have been three 100 year storm events.

There are other variables associated with climate that will influence water quantity. In particular,
evapotranspiration is strongly influenced by climate and unlike precipitation it is considered an
output or loss to the system. Evapotranspiration is the water lost to the atmosphere by two
processes, evaporation and transpiration. Evaporation is the loss from open bodies of water,
such as lakes and reservoirs, wetlands, bare soil, and snow cover; transpiration is the loss from
living-plant surfaces. Several factors other than the physical characteristics of water, soil, snow
and plant surfaces also affect the evapotranspiration process. The important factors include net
solar radiation, surface area of open bodies of water, wind speed, density and type of vegetative
cover, availability of soil moisture, root depth, reflective land-surface characteristics, and
season.

Geology

Geology also has a significant influence on groundwater quantity. The underlying geology and
the type of soil present at the surface will determine how much water will be infiltrated during a
precipitation event. For example, coarse-grained and loosely packed soils, such as sands and
gravels will promote groundwater recharge, whereas fine-grained or hard packed soils, such as
clay will allow less water to infiltrate to recharge the groundwater system. The surficial geology
is an important factor in determining the amount of water that flows to and within a watercourse.

Land Use and Land Cover

Land cover is an important factor that can strongly influence both surface and groundwater
guantity because it will affect several aspects of the water budget including; surface water
runoff, evaporation and infiltration. Developed land will often have a higher proportion of
impervious surface, such as roadways, parking lots, and buildings roofs. Increased runoff rates
result in erosion and reduced infiltration to recharge groundwater reserves. In addition,
groundwater pathways may also be affected because of development, which can result in
decreased discharge to wetlands and streams.

The surface water in this watershed flows from the topographic high in the Oak Ridges Moraine
northeast to Lake Simcoe. The land types present in the subwatershed will influence how much
water remains at the surface and how fast it will be flowing. The land types present in the
subwatershed include the Oak Ridges Moraine, wetlands, woodlands, and valley lands. The
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wetlands are found in areas of topographic lows, where the groundwater often intersects the
surface in these areas. The intersection of the surface with the ground water table allows for a
constant flow of surface water throughout these areas. Since the wetlands are in areas of
topographic lows water flow in the areas will be relatively slow compared to the slopes of the
Oak Ridges Moraine.

As the population continues to grow, urbanized areas are expanding, resulting in expanding
areas of impervious surfaces. Impervious surfaces present in the subwatershed include parking
lots, roads, and rooftops. One major impervious surface present in the subwatershed is
Highway 400, which stretches the entire length of the subwatershed. Impervious surfaces lead
to a decrease in time to peak flow following a rain event, as the ability to store and slowly
release water has been eliminated. Watercourses in the undeveloped areas of the
subwatershed exist under natural conditions making them less vulnerable to extreme changes
in climatic events; for example time to peak flow will not occur as rapidly. As impervious
surfaces increase in area, peak flow volume can also increase as water cannot infiltrate into the
ground, and therefore runs off into surface water bodies, which can increase the risk of flooding
particularly during the spring freshet.

Water Use

In the West Holland subwatershed both surface and groundwater is used for a variety of
purposes, including municipal water supply, agriculture, industrial use, golf course irrigation and
private water supplies. Many of these users withdraw large amounts of water and could
potentially be putting stress on the system. Therefore, it is important to be able to identify the
large water users by location, source water (surface or groundwater), type of water use, and
amount of water takings to ensure the water within the subwatershed is managed in a
sustainable manner. An effort to quantify these required water withdrawals has been undertaken
as part of the Source Water Protection initiatives required under the Clean Water Act (discussed
in Section 5.5.6)

5.1.2 Previous Studies

Information from several groundwater and water budget studies were used to assess the
hydrogeology of the West Holland subwatershed. To date no studies have been conducted to
assess the surface hydrology of the West Holland subwatershed. The following are a list of key
studies and reports that have influenced the information provided in this chapter:

York Peel Durham Toronto/Conservation Authorities Moraine Coalition (YPDT/CAMC)
Groundwater Study

In 2000, the nine conservation authorities having jurisdiction on the ORM (Credit Valley,
Nottawasaga Valley, Toronto and Region, Lake Simcoe Region, Central Lake Ontario,
Kawartha, Ganaraska Region, Otonabee and Lower Trent) formed a coalition to investigate
common issues pertaining to the groundwater flow systems associated with the ORM. The
coalition is referred to as the Conservation Authorities Moraine Coalition (CAMC).

Around the same time, the Regional municipalities of York, Peel, Durham and the City of
Toronto (YPDT), through a planning led process, were also looking at the common issues they
faced with respect to development issues on the ORM. The need for more environmental
protection on the moraine and greater access to groundwater related information was
highlighted.

In 2001, the two groups came together to look at groundwater issues in a broad regional
context. The project is referred to as the YPDT/CAMC Groundwater management program. The
overall goal of this study is to provide a hydrogeological analysis of the system that will support
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water resource management of the subwatersheds that drain off the ORM. The three main
technical components that form the foundation of analysis system consist of:

1. A database of all water related information;

2. A geologic and hydrogeologic interpretation of the subsurface stratigraphy including
development and refinement of a conceptual model; and

3. A numerical groundwater flow model. To date, four numerical models have been
created. These four models, termed: i) the Core Model; ii) the Regional Model, iii) the
Durham Model, and iv) the West extension Model, have different geographical extents
and different resolutions (additional details regarding the numerical models are provided
in Appendix A). Three of the models cover the southern and eastern parts of the Lake
Simcoe Watershed.

This modelling work is documented in the report completed by Earthfx (2006) and was used
extensively throughout this report and forms the basis for much of the water budget work that
was completed for the West Holland Subwatershed ORMCP and Source Water Protection
Studies.

Holland River, Maskinonge River, and Black River Watershed and Water Budget Study

This study was completed to address the water budget component required under the Oak
Ridges Moraine Conservation Plan and is based on the previous modelling work by the YPDT-
CAMC groundwater study (described above). The study details the movement of water through
the East Holland, West Holland, Maskinonge and Black River subwatersheds, under five
different groundwater and land use scenarios (Earthfx & Gerber, 2008).

Source Water Protection Studies

Much of the information presented throughout this chapter has been extracted from and is
consistent with preliminary information, data and modeling results developed and reported
through several Source Water Protection (SWP) water budget studies:

o Draft Preliminary Conceptual water budget (SGBLS, 2007)
o Draft Tier 1 Water Budget and Water Quantity Risk Assessment (LSRCA, 2009)

o Draft Tier 2 Water Budget Assessment of the Holland and Maskinonge River
Watersheds (Earthfx, 2009)

These draft reports were developed consistent with provincial direction provided by the Ministry
of the Environment (MOE) in the Technical Rules (MOE, 2009) prepared for the provincial SWP
program under the Clean Water Act. Due to the overlapping information, every effort has been
made to maintain a consistent interpretation of information reported in this chapter with that
reported under the draft documents (above).

5.2 Current Conditions

5.2.1 Hydrogeologic Setting

The hydrogeology of the West Holland subwatershed is shaped by the stratigraphic framework
discussed in Chapter 2. In order to characterize the hydrogeological conditions across the ORM
the CAMC-YPDT (Conservation Authorities Moraine Coalition- York, Peel, Durham, Toronto)
study group constructed a database, containing streamflow, climate, borehole, and water well
information. The database was used in the development of a hydrostratigraphic framework used
in the numerical model development mentioned above.
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For numerical modeling purposes, the hydrostratigraphy of the ORM complex was divided into
the following eight layers: (1) surficial deposits and/or weathered Halton Till; (2) Halton Till or
Kettleby Till; (3) Oak Ridges Aquifer Complex; (4) Newmarket Till; (5) Thorncliffe Aquifer
Complex; (6) Sunnybrook Drift; (7) Scarborough Aquifer Complex; and (8) Weathered Bedrock.
The regional stratigraphic framework and the local hydrostratigraphic units are summarized in
Table 5-1.

Table 5-1 Hydrostratigraphic framework
Layer Name Function Description
1 Recent Aquitard | Thin deposits of sands, silts and clays; generally
glaciolacustrine of low permeability and only used locally for
deposits minor water supply to private homes
2 Halton Till or Aquitard | Sandy silt to clayey silt till, typically 3 to 6 m thick
Kettleby Till but can range up to 30 m, low permeability
3 Oak Ridges Aquifer Aquifer | Mainly granular sediments interlayed with finer
Complex materials, up to 100 m thick, generally medium to

high permeability, forms important local and
regional aquifers

4 Newmarket Till Aquitard | Dense, sandy silt to clayey silt till, up to 50 m
thick, of low permeability. In lateral tunnel areas
the infill material is primarily low permeability silts.

5 Thorncliffe Aquifer Aquifer | Sands and silt, up to 60 m thick in some areas,
Complex generally high permeability, forms important
regional aquifers
6 Sunnybrook Drift Aquitard | Silts and clays, generally less than 20 m thick,
low permeability
7 Scarborough Aquifer Aquifer | Sands, silts and clays, up to 60 m thick, variable
Complex permeability, forms important aquifers in localized
areas
8 Weathered Bedrock Aquifer | Limestone and shale; limestone in northern part

of Region act as an aquifer for private supplies

The groundwater system within the subwatershed consists of three principal aquifers: 1) the
upper aquifer system or Oak Ridges aquifer complex occurs within deposits of the ORM and 2)
the Mackinaw Interstadial Unit, 3) the intermediate aquifer or Thorncliffe aquifer complex occurs
within the Thorncliffe formation; and the deep aquifer system or Scarborough aquifer complex
occurs within the deposits of the Scarborough formation (Figure 2-9 and Figure 2-10).

The Thorncliffe and Scarborough aquifers are separated from the Oak Ridges aquifer by the
Newmarket till. The Newmarket till effectively forms a protective barrier for the deeper aquifers.
However, within this subwatershed this aquitard has been breached by erosive processes,
resulting in Channel Aquifers, also referred to as tunnel channels. These tunnel channels were
infilled with sand and silt deposits as melt water energy waned. The nature of the infill material
is important for understanding the groundwater flow system as it determines the amount of
transfer between the shallow and deeper aquifer systems. It has been estimated that the rate at
which water can move through these channels is an order of magnitude greater than that of the
Newmarket Till aquitard. Refer to Figure 2-10 and Figure 2-11 for a hydrogeologic profile of the
West Holland River. From the diagram the location of the three aquifer complexes can be
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observed. The interpreted location of the tunnel channels within the subwatershed are shown in
Figure 2-11.

The conceptual model of ground water flow within the subwatershed was presented above in
Figure 2-9 and Figure 2-10. As a result of the model the cross sectional profile of the West
Holland River was created (Figure 2-14 and Figure 2-15). The profile demonstrates how the
thickness and depth of the aquifer complexes varies throughout the subwatershed.

5.2.2 Hydraulic Properties

Hydraulic properties such as hydraulic conductivity, specific storage (Ss), specific yield (S,)
hydraulic gradients, and porosity characterize the amount, rate and direction of groundwater
flow through soil and rock. This numerical value below is referred to as hydraulic conductivity.
Both the vertical and horizontal hydraulic conductivities for the West Holland subwatershed
have been calculated in metres per second (m/s). Ansiotropy is a ratio of the vertical
conductivity to the horizontal conductivity. It is useful in characterizing the properties of (k), of a
unit layer which vary according to the direction of flow. Table 5-2 is a summary of the hydraulic
conductivity estimates through all of the hydrogeologic layers derived from the CORE model,
described in the water budget section below (i.e. Section 5.3).

Table 5-2 Summary of hydraulic conductivity (K) estimates used in the Core Model (Earthfx &
Gerber, 2008)
Unit Model Horizontal Kj, Vertical K, Anisotropy
Layer (m/s) (m/s) (KW/Ky)

Recent Deposits 1 1.0
Weathered Halton Till 1 5.0x 10° 1.5x 10° 1.0
Halton Till 2 5.0x 10" 1.5 x 10" 0.3
Oak Ridges Moraine 3 5x 107" to 2.4 x 10™ variable 0.5
Weathered Newmarket Till 3 5.0x10° 5.0 x 10° 1.0
Newmarket Till 4 5.0x10° 1.0 x 10°® 0.2
Newmarket Till under 4 5.0x10°® 1.25 x 10°° 0.03
ORM

Tunnel Channel Silt 4 50x 10" 1.0x 10" 0.2
Tunnel Channel Sand 5 1x10™ 1x10* 1.0
Thorncliffe Fm. 5 1x10°to1x 107 variable 0.5
Sunnybrook Drift 6 5.0 x 10° 5.0 x 10° 0.1
Scarborough Fm. 7 1x10”to 3 x 10" variable 1.0
Weathered bedrock 8 7.0x10° 7.0x10° 1.0

5.2.3 Groundwater Flow

Groundwater flows from areas of high to low hydraulic head. The direction of movement at any
point within the system is dependent on the distribution of hydraulic potential (Funk, 1977).
Groundwater moves continuously but at different rates based on the hydraulic properties of the
formations mentioned above. Within each formation, groundwater can move in both the
horizontal and vertical directions. Since the water table commonly follows the ground surface
topography, horizontal flow can be topographically mapped using water table data obtained
from shallow wells.

Groundwater flow within the three major aquifer systems is generally from the topographic highs
associated with the ORM towards the topographic lows associated with the major stream
channels and Lake Simcoe (Figure 5-2). In the shallow groundwater flow system, groundwater
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flow patterns are influenced by ground surface topography, but are more significantly influenced
by the stream network. Local deflections in flow direction toward tributary streams and their
associated valleys occur in all three aquifers (Earthfx & Gerber, 2008).

A geologic profile in the general north-south direction from the Oak Ridges Moraine to Lake
Simcoe (Figure 5-6) shows the various components of the hydrogeologic system in this
subwatershed. This is a simplified graphical presentation showing groundwater recharge,
movement and discharge in the different lithologic layers underlying the subwatershed.

Groundwater flow within the deep groundwater flow system comprised of the Thorncliffe (Figure
5-3) and Scarborough (Figure 5-4) aquifer complexes exhibit a similar, but more subdued,
pattern to the shallow flow system with flow converging on the lower reaches of the major
streams, particularly the Holland Marsh. The southern boundary of the study area (Holland
Watershed divide) along the ORM appears to approximate a groundwater flow divide for all
three aquifers. This divide is less pronounced between Schomberg and Oak Ridges, perhaps
because of the influence of the bedrock valley system and the presence of tunnel channel in this
area (Figure 5-4). It should be noted that the potentiometric surface for the Scarborough aquifer
complex is the least certain as it is based on fewer data points than the two overlying aquifers,
which may explain the lack of clear channel flow dominated system in the observed data. Note
that in the report water levels in wells are herein referred to as potentials. Observed potentials
will refer to measured water levels in wells and simulated potential will refer to Core Model
(discussed in Section 5.3) estimated water levels (Earthfx & Gerber, 2008).

The relative rates of vertical groundwater flow between the shallow and deep aquifer systems,
as simulated by the numerical groundwater flow model, is displayed on Figure 5-5. This flow
(referred to as vertical leakage) occurs through the Newmarket Till aquitard, or the aquitard
material formed by the silt infill following tunnel channel erosion through the Newmarket Till.
Vertical hydraulic gradients are mainly downward between the shallow and deep aquifers under
the ORM and till highlands and upward in the vicinity of river valleys associated with topographic
lows, particularly the Holland Marsh area. The vertical gradients in all aquifers are also locally
enhanced by municipal groundwater pumping. The major area within the subwatershed that has
upward groundwater flow from the deep aquifer complexes to the shallow groundwater flow
system occurs along the Holland Marsh area (Earthfx & Gerber, 2008).
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Figure 5-6 West Holland River profile (Earthfx and Gerber, 2008)

5.2.4 Stream Flow

There are several streamflow gauging stations within the West Holland; however Upper
Schomberg (02ECO010) is the only HYDAT streamflow gauging station with long term continuous
streamflow measurements within the West Holland subwatershed (Earthfx & Gerber, 2008).
Figure 5-10 summarizes the observed streamflow data from the Holland Landing station.
Historically flow stations have operated on the North Schomberg River (1982-2000), Pottageville
Creek (1982-1991) and Kettleby (1982-2004) and have been reactivated as of 2006.

The 1966 to 2007 data set for the Upper Schomberg River shows no statistically significant
trend in either an increase or decrease in mean annual flows. Both Kettleby and North
Schomberg also lack a significant trend. The precipitation data also do not display a significant
trend suggesting that the lack of a trend in flow data is not due a masking effect of the climatic
data. The period of record at Pottageville is too short for any meaningful trends to be examined.

Total streamflow measured at the Upper Schomberg station is equivalent to approximately
200mm/year when averaged over the drainage area. The range of average annual stream flow
over the past 40 years is approximately 120mm/year to 330mm/year (Earthfx, 2008).

Runoff/impervious Surfaces

A change in the amount of impervious surface in a catchment may show up as a change in the
seasonal flow volumes through a river system. Frozen ground during winter acts as an
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impervious surface limiting infiltration. Evapotranspiration effects will be minimal due to dormant
or absent vegetative cover. In a watershed with minimal impervious surfaces streamflow
through winter will make up the majority of the yearly flow volume, while summer will contribute
the least volume due to the affect of infiltration and evapotranspiration. As a watershed
becomes more urbanized it can therefore be expected that this seasonal variation will lessen as
more of the area becomes impervious.

Land use and Stream Flow

Changes in land use and water taking (both surface and groundwater takings) can dramatically
alter flow characteristics and morphology of a stream. The land use changes associated with
urbanization can have a significant impact on surface flows. This is due in large part to the
increase in impervious surfaces, which include roads, parking lots, and rooftops. The increase in
impervious surfaces leads to a significant reduction in evapotranspiration and infiltration of water
into the soil, as there is little vegetation and the paved surfaces do not provide opportunities for
the water to reach the soil, thereby disrupting the natural hydrologic balance. This disruption
creates conditions for a higher volume of precipitation to be converted to surface water runoff,
which flows at a faster velocity to receiving watercourses than it naturally would. The reduced
infiltration of precipitation due to impervious surfaces can also result in lower groundwater levels
and a reduction in the volume of water that is discharged as baseflow. Streams that once flowed
permanently may become intermittent, or flow can disappear altogether for periods of time.

In the West Holland we can see that land use plays an important role in the volume and rate of
flow, time to peak flow, and the amount of runoff following a precipitation event. Approximately
70 percent of the lands within the West Holland River subwatershed have been changed
significantly to accommodate various land uses, the maost prevalent of which is agriculture. The
canal system associated with the Holland Marsh agricultural area has virtually eliminated natural
flow through this section of the subwatershed. Impacts can also be seen in the upstream and
downstream areas which make it difficult to accurately study flow patterns. Tile drains also alter
the drainage characteristics at the site due to the efficiency at which they remove water from the
field. The main hydrologic impact of tile drained fields is on peak flows and time to peak flows,
but not the total quantity of stream flow (Maidment, 1992). This can mean higher peak storm
flows and shorter response time to storm events which can lead to similar issues as impervious
surfaces. Factors such as soil moisture and type, precipitation amount and intensity, amount of
area tile drained and the size of the subwatershed will influence whether the influence of tile
drains on water quantity will be seen at the subwatershed scale.

The Town of Schomberg upstream of the Upper Schomberg flow station has seen growth over
the last decade. To investigate if this change in impervious surface has had any effect on the
hydrology of stream seasonal flow volumes from 1966-1975 and 2002-2007 were compared
(Figure 5-7). A very slight increase can be seen between the two time periods (less than 1% in
summer and 2.7% in fall). While it is difficult to determine if the increase is significant, it will be
worth monitoring over the coming years to see if the hydrology is shifting due to upstream land
use changes.
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Figure 5-7 Seasonal flow volumes at the Upper Schomberg flow station

5.2.5 Baseflow

Baseflow is the portion of stream flow that is derived from groundwater discharge, from sources
such as springs and seepages that release the cool groundwater. The baseflow component
within streams is vital for fish populations that require cold water habitat. This habitat can be
affected by localized pumping as the aquifers are drawn down and less baseflow is released.

The component of streamflow that can be attributed to groundwater discharge was estimated by
applying a technique called “baseflow separation” to the long-term daily flow record. The
technique used in the water budget study is one of many possible methods, and is described in
Clarifica (2002). It calculates the daily value of groundwater discharge as the minimum daily
mean flow. An example of the hydrograph separation results using this methodology is shown
on Figure 5-11. Groundwater discharge for the West and East Holland River was estimated as
being equivalent to approximately 100mm/year over the drainage area, or nearly half of the total
streamflow (Earthfx & Gerber, 2008).

While flow gauges are a very effective tool for examining baseflow there are too few to
accurately describe baseflow across the entire subwatershed. For this reason spot baseflow
discharge measurements were conducted on the West Holland River in July of 2004. Low flow
stream surveys have also been conducted by Golder Associates in 2004 for the South Simcoe
Groundwater Study, the Geological Survery of Canada (GSC), and Conestoga Rovers and
Associates (CRA, 2003) for the CAMC- YPDT ORM Study. Due to the nature of the Holland
Marsh it was not possible to conduct discharge measurements in or downstream of the Marsh.
Therefore all baseflow data discussed pertains to the upper tributaries of the West Holland
River.

There were relatively few tributaries that were found to be dry. The majority of the tributaries
were found to be low gaining reaches, four reaches were found to be significant losing reaches
and there was one short but significant gaining reach. The losing reaches could be attributed to
geology (infiltration) or water taking. The gaining reach on Kettleby Creek is likely a product of
geology as the reach sits on the Oak Ridges Moraine. Kettleby Creek is also home to a number
of coldwater fish species. Cold water river conditions are indicative of groundwater discharge.
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The site locations of the 2004 survey conducted by the LSRCA are illustrated in Figure 5-8 and
the results are depicted in Figure 5-9.

Low flow stream flow surveys measure the discharge at various points along a river reach
during a period without influence from storm events. All or most of the flow in the stream during
this period of time is assumed to represent groundwater discharge. The objective of these
surveys was to identify those reaches receiving significant groundwater discharge and to
determine relative rates of groundwater discharge to the various ungauged tributaries and
stream reaches.

These relative rates were used as guides in the calibration of the groundwater flow model
discussed in section 5.3.4. While it was recognized that the measured flows tend to
underestimate annual average groundwater discharge, the observations provided calibration
targets for the spatial distribution of groundwater discharge and minimum groundwater
discharge quantities to streams.

The position of the Schomberg River stream flow gauging station within the flow system is
shown on the river profile included as (Figure 2-14). From the geologic section it can be seen
that most of the groundwater discharge at the streamflow gauging station is from the upper
aquifer unit. However, not all groundwater recharge that occurs within the station drainage
areas is realized as groundwater discharge at the stream flow gauging stations. A portion of the
recharge likely moves to the deep aquifers and ultimately discharges to the stream downstream
of the gauge (note: surface water catchments do not always align with groundwatersheds).

The ability of a river system to withstand drought depends largely on the baseflow volume the
system can generate. With baseflow volume declining in the West Holland River it is more
susceptible to drought. This is exemplified by the extremely dry conditions of 2007. For the West
Holland River, August 2007 became one of the lowest recorded flows in the 20 year period of
record (Figure 5-12). While neighbouring rivers like the Black and Pefferlaw experienced low
water levels neither system recorded record low flow levels. Examination of the Baseflow Index
for both the Black and Pefferlaw show a stable trend in baseflow over the period of record
explaining their ability to better withstand the dry conditions of 2007.
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Figure 5-10 Observed stream flow and estimated groundwater discharge at Schomberg River
near Schomberg (02EC010). Drainage area is 51.3 km?. Groundwater discharge
estimates from Gerber and Howard (1997) obtained using a computer program now
known as HYSEP (Sloto and Crouse, 1996) (figure from Earthfx & Gerber, 2008).
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Figure 5-11 Example of stream flow hydrograph separation results for Schomberg River (2008)
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Figure 5-12 Streamflow at Schomberg River (1987-2008)

5.2.6 Groundwater Discharge Areas

In areas where the static water table intersects the ground surface there is potential for
discharge to occur. Groundwater discharge areas are often in low topographic areas and can be
observed in and around watercourses in the form of springs and seeps, or as baseflow to
streams. These areas are characterized by upward vertical hydraulic gradients. The portion of
water that is contributed from groundwater is referred to as baseflow and provides clean cool
water to streams and wetlands.

Groundwater discharge rates vary throughout the year due to seasonal and longer-term
changes in recharge and groundwater potentials. Hydrograph separation techniques applied to
long term surface water flow records are the best methods for quantifying the portion of
streamflow derived from groundwater discharge to streams. However, there are few long-term
gauges within the study area and not all significant stream tributaries are monitored.

A discharge map (Figure 5-13) was created using the potentiometric surface produced from
shallow wells in the MOE water well database in conjunction with the topographic mapping.
Potential discharge zones are where the water levels are within two metres of the surface
(topographic mapping).

Groundwater discharge zones are associated with the north flank of the ORM along the break in
slope and further downstream in the Holland River Valley. Numerical models have been used to
predict the location and rates of groundwater discharge throughout the subwatershed.

5.2.7 Groundwater Recharge Areas

Groundwater is replenished as precipitation or snowmelt infiltrates into the ground surface. The
rate and direction of groundwater movement is dependent upon several factors, such as soil
permeability, surface topography, land use, and vegetation cover. For example, water will move
more readily through coarse loose material and bedrock fractures than through material such as
clay or unfractured rock.

The mappings of these recharge zones and the policies that protect them are necessary to
ensure the sustainability of groundwater supplies and a healthy subwatershed. In the version of
the Core Model described in Earthfx (2004), groundwater recharge to the Core Model was
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initially estimated considering land use, climate and soil properties, and published values from
previous modelling studies. These estimates were adjusted during model calibration. The spatial
distribution of applied recharge within the study area is provided in Figure 5-14 (Earthfx &
Gerber, 2008). This map was based on preliminary efforts to characterize recharge across the
subwatershed.

The most significant areas for groundwater recharge within the West Holland subwatershed are
located on the Oak Ridges Moraine. As demonstrated on Figure 5-14, the southern end of the
subwatershed on the Oak Ridges Moraine, specifically the northern flank, provides the highest
recharge rates and is capable of infiltrating approximately 360 millimetres of water per year due
to the sandy soils and hummocky topography (Earthfx, 2006).

Significant groundwater recharge can be described as areas that can effectively move water
from the surface through the unsaturated soil zone to replenish available groundwater
resources. The mapping of these recharge zones is necessary to ensure the sustainability of
groundwater supplies. In turn, land development plans should consider the protection of these
areas in order to maintain the quantity and quality of groundwater required by a healthy
subwatershed.

Methods to determine significant recharge areas have been developed based on geology and
topography, and continue to be refined to better understand and protect groundwater.

Groundwater Monitoring

The static water levels measured in monitoring wells characterize the amount of water
stored in an aquifer, aquifer complex or saturated portion of the subsurface system.
Groundwater levels can fluctuate due to precipitation, barometric pressure,
temperature, and water withdrawal.

Monitoring these ambient groundwater levels can help understand baseline conditions
and assess how groundwater is affected by climate change, seasonal fluctuation, land
and water use. Monitoring helps to identify trends and emerging issues, and provides
a basis for making informed resource management decisions. The data can also be
used to measure the effectiveness of the programs and policies that are designed to
manage and protect groundwater resources.
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Figure 5-13

Shallow groundwater flow system potentials minus ground surface elevation
illustrating possible groundwater discharge zones. Discharge verified by location

of flowing wells from MOE database (Earthfx & Gerber, 2008).
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Key points — Current Hydrogeologic Conditions:

e The physical properties within a watershed, such as drainage area, slope, geology
and land use can influence the distribution of the water and the processes that
function within a watershed.

e Groundwater discharge is the main component to streams during dry periods and
as such maintains an environment that allows cold water fish to survive even
during the dry summer months.

e The water table map for the West Holland shows that on a regional scale
groundwater flow within the major aquifer systems is generally from the
topographic highs associated with the ORM towards the topographic lows
associated with the major stream channels and Lake Simcoe

e Surface water flows are a function of overland runoff and groundwater discharge
(baseflow). As impervious surfaces are increased within an urban area the quantity
of runoff increases as does the rate of overland flow (i.e. peak flow). This also
causes a decrease in groundwater infiltration or recharge and less groundwater is
available to sustain the streams during the dry summer months.

e The canal system associated with the Holland Marsh has virtually eliminated
natural flow through this section of the subwatershed. Impacts from the canal can
also be seen upstream and downstream, making it difficult to accurately
understand flow patterns.

o Groundwater recharge can be described as areas that can effectively move water
from the surface through the unsaturated soil zone to replenish available
groundwater resources. The mapping of these recharge zones show that the most
significant recharge within the subwatershed occurs on the ORM.

e Monitoring groundwater levels can characterize baseline conditions, and assess
how groundwater is affected by climate change, seasonal fluctuation, land and
water use. Monitoring groundwater levels can help identify trends and emerging
issues, and can provide a basis for making informed resource management
decisions, measure the effectiveness of the programs and policies that are
designed to protect these groundwater resources.

5.3 Water Budget

A water budget characterizes the hydrologic conditions within a subwatershed by quantifying the
various elements of the hydrologic cycle, including precipitation, interception, and
evapotranspration. Therefore, the water budget can be used to identify areas where a water
supply could be under stress, now or in the future, and help protect the ecological and
hydrological integrity of an area by establishing water supply sustainability targets and
strategies.

The following section provides information regarding the water budget study that was completed
for the West Holland subwatershed. York Region enlisted the assistance from LSRCA to
complete the water budget studies for the watersheds that originate in the ORM. Earthfx &
Gerber (2008) completed the water budget study on behalf of the LSRCA, which included the
East and West Holland River, Maskinonge River and the Black River subwatersheds. The water
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budget addresses the requirements set out in the Oak Ridges Moraine Conservation Plan and
those requirements specifically related to the Yonge Street area.

The general water budget may be expressed as an equation with water Inputs = Outputs +
Change in Storage; or

P + SWj, + GW;, + ANTH;, = ET + SWy; + GW,; + ANTHy: +AS
Where:
P = Precipitation
SWin = surface water flow into the watershed
GWin = groundwater flow into the watershed

ANTHin = anthropogenic or human inputs such as waste discharges
ET = evapotranspiration

SWout = surface water flow out (includes runoff)

GWout = groundwater flow out

ANTHout = discharge to wells (i.e. drinking water supplies)

AS = change in storage (surface water, soil moisture)

Source: (OMOE, 2005b)

The project objectives were to provide estimates of each component of the hydrologic cycle
from the subwatershed based on various land and water use scenarios. Estimates were
completed using a water budget analysis program (VL-WABAS) and a three-dimensional
numerical groundwater flow model (MODFLOW).

The five groundwater and land use scenarios analysed within this study include:

2002 land use and groundwater use (current conditions);
estimated 1950 land use and groundwater use conditions;
estimated 2002 drought conditions;

estimated 2026 land use and groundwater use conditions; and,
estimated 2026 drought conditions (with future pumping levels).
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Figure 5-15 Water budget components (Earthfx and Gerber, 2008)

5.3.1 Local Water Budget Initiatives

The water budget methodology presented in this chapter includes an assessment of existing
hydrologic conditions within the subwatershed using both conceptual modelling and numerical
modelling information developed through the Source Water Protection program and the CAMC-
YPDT Groundwater study (discussed in Section 5.1.2)

Water budgets are generally developed using an approach that estimates the amount and
location of water conceptually; however they can be refined by using surface and groundwater
models. These models are referred to as numerical models that use mathematical equations to
approximate existing hydrogeologic conditions. While models can quantify the various
components of the hydrologic cycle they can be use to estimate the direction of groundwater or
surface water flow within a subwatershed and therefore aid in the identification of potentially
stressed areas. Numerical model outputs are intended to provide estimates of possible
conditions that may exist within the subwatershed; these estimates or predictions may point to
possible areas of concern and may also be considered when providing solutions to identified
problems.

The numerical model used to assess the West Holland subwatershed was developed through
the CAMC-YPDT study group. A major part of this investigation included the construction of two
three-dimensional numerical groundwater flow models (Figure 5-16) (Earthfx, 2006). The initial
five-layer Regional Model covers the entire ORM, while the more recent model has been
expanded to an eight-layer Core Model that covers much of the western portion of the ORM.

Both the Regional and Core Models include portions of the Lake Simcoe Region Conservation
Authority (LSRCA) subwatersheds situated within York Region (Figure 5-17). The Core Model
was the tool used in the study completed by Earthfx and Gerber (2008) to quantify the water
budget components within the West Holland subwatershed. The Core Model was created using
the United States Geological Survey (USGS) MODFLOW code to solve the equations for
groundwater flow (McDonald and Harbaugh, 1988; Harbaugh and McDonald, 1996). The model
was created using geologic data supplied by the Ontario Geologic Survey, and the Geologic
Survey of Canada. The MODFLOW groundwater Core Model is unable to predict the surface

125



water components necessary to complete a detailed water budget analysis, so a WABAS
surface water model was used.

The WABAS model was used to quantify the surface water components necessary to complete
the water budget. A VL-WABAS model was used to estimate the following parameters (Earthfx
& Gerber, 2008).

actual evapotranspiration (ET);

snowmelt;

surface runoff (RO);

infiltration (GWI); and

storage within each water reservoir (pervious and impervious interception storage,
surficial soil storage, and snowpack storage).

Further information about the model and its limitations can be obtained from Earthfx & Gerber,
(2008) and Earthfx (2006).
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Figure 5-16

Regional ORM Model and Core Model boundaries (figure from Earthfx, 2006).
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5.3.2 Precipitation and Evapotranspiration

Precipitation in the form of rain or snow is the source of all water within a subwatershed.
Typically, precipitation will vary seasonally and from year to year due to climatic factors.
Precipitation is often measured at one or more meteorological stations within a subwatershed
using precipitation gauges.

There are nine active Environment Canada climate stations situated near or within the West
Holland subwatershed. However, only six of these stations have a period of record greater than
20 years. The total annual precipitation for these six stations ranges from 785 to 837 mm/year.
Two stations situated near the West Holland subwatershed, Sharon and King Smoke Tree, have
average total precipitation of 814 and 826 mm/year, respectively. Data from inactive stations
within or near the subwatershed were used to supplement the active station data in the detailed
water budget analyses (Earthfx & Gerber, 2008).

The average annual precipitation and evapotranspiration is shown in Figure 5-18, and Figure
5-19 respectively. Table 5-3 show water budget estimates for different scenarios calculated
under steady state conditions (Earthfx & Gerber, 2008). The table also shows the annual
precipitation and evapotranspiration for the West Holland subwatershed.

A comparison of the current 2002 average conditions to the estimated 2002 drought conditions
reveals a 6.5% decrease in total precipitation, a 9.3% decrease in evapotranspiration (AET), an
increase in runoff of 10.1% and a decrease in recharge of approximately 7.3%. The reduction in
recharge and increase in pumping again leads to a reduction in groundwater discharge to
streams (Earthfx & Gerber, 2008).

Table 5-3 Water budget estimates for different scenarios. (Note: All estimates were
calculated under steady state conditions Earthfx & Gerber, 2008)

Condition Precipitation ET RO GWI
Current 794 536 99 164
1950 794 540 93 166
2002 Drought 742 486 109 152
2026 Predicted 794 530 105 163
“‘current”

2026 Predicated | 742 482 114 151
“drought”

All units in mm/annum

ET= Evapotranspiration

RO= Runoff

GW!I= Groundwater Infiltration
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Figure 5-18

Average annual precipitation over a 20- year period (1980-1999) in mm/a (Earthfx &
Gerber, 2008)
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Figure 5-19 Simulated (VL-WABAS) annual average evapotranspiration in mm/a with 2002 land
use (Earthfx & Gerber, 2008).
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5.3.3 Infiltration

Groundwater infiltration (GWI) is influenced by the distribution and thickness of surficial deposits
and associated soil properties, topography, land cover and use. In areas where there is
imperviousness, such as within urban areas, the amount of infiltration is reduced, while
infiltration rates are increased in areas of sands and sandy loams, particularly within the ORM.

The groundwater recharge input file for the Core Model was modified by replacing the original
recharge estimates with the GWI rates (Table 5-3) calculated by VL-WABAS within the study
area. The groundwater model was then run with the modified recharge file to simulate
groundwater flow under 2002 land use conditions (Earthfx & Gerber, 2008).

The groundwater flow model is a steady-state model and uses estimates of annual average net
recharge (GWI) as input to the model (Figure 5-21).The recharge is initially applied to model
Layer 1 which represents the weathered Halton/Kettleby Till and surficial sands. If this layer is
missing in a particular area, or if the model cells go dry in that layer during the simulation (i.e.
the simulated water-table drops below the base of the layer), the recharge is passed on to the
next layer down. This allocation of recharge to the different layers is shown in Figure 5-20 and
was determined from the final distribution of recharge in the Core Model/VL-WABAS results
(Earthfx & Gerber, 2008).
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Figure 5-20 Detailed water budget for the West Holland River subwatershed-2002 conditions.
(Earthfx & Gerber, 2008)
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Figure 5-21 Simulated (VL-WABAS) annual average groundwater infiltration (GWI) in
mm/annum with 2002 land use (Earthfx & Gerber, 2008)
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5.3.4 Discharge

Simulated discharge to streams (Figure 5-22) was generated from the groundwater model in
cubic metres per second (m?s). Discharge to streams includes discharge to drains (smaller
creeks) and discharge to rivers (larger tributaries) where the creek may be either gaining
groundwater discharge or losing streamflow to the groundwater system depending on the depth
to groundwater. Groundwater discharge to drain segments (which were used to represent the
smaller, but more numerous, tributaries) was about 42% of the total discharge. The remaining
58% was to river segments which represented the larger tributaries and main stream reaches.
Recharge from the river to the aquifer was neglible at less than 2% of the total stream/aquifer
water exchange®. A qualitative comparison of model results to LSRCA baseflow estimates
indicates that there is a good correlation between model-predicted discharge locations and field
measured discharge, particularly in the upper reaches of the watersheds. In particular, the
model matches the very high discharge along the northern flank of the ORM within the West
Holland subwatershed, which make up the headwaters to the West Holland River.

Figure 5-13 shows the potential discharge zones within the West Holland subwatershed overlain
with flowing wells. These zones are areas where the water table is at or near the ground

surface.
: : }'«

)
-
-

AR

Mg

T 1]

SETIRN

Polonlial Dmschmge o Shesms

1 e

S SRRV ST S R SR . N S S . [T P T ——
[ i in] LAle i) RO LA Le i
Edalnag

Figure 5-22 Potential discharge to streams within the West Holland subwatershed (LSRCA,
2009)

> Model simulated conditions over the entire East and West Holland River, Maskinonge River and Black River study
area.
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5.3.5 W