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Date: July 10, 2020
THERFORE BE IT RESOLVED THAT the report entitled “Completion of the Headwaters
Subwatershed Study” be received and appended to the minutes of this meeting as Schedule
‘E’, and
THAT the Board of Directors approve the Headwaters Subwatershed Study; and
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Orangeville, the Town of Mono, the Town of Caledon, the Township of Amaranth and the
Township of East Garafraxa; and further
THAT CVC staff incorporate the implementation of the subwatershed study into the budget
and work plans.
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Report Summary
The Headwaters subwatershed – also known as Subwatershed 19 –spans an area of
approximately 59 km2 in the Region of Peel and the County of Dufferin, including the Towns
of Caledon, Mono, Orangeville, and the Townships of Amaranth and East Garafraxa.
The Headwater Subwatershed Study has been completed to document the water resources
and natural heritage characteristics of the subwatershed, to establish long term objectives
for managing the watershed, to identify opportunities and threats, and to present a
comprehensive management plan that will guide the CVC, the area municipalities,
landowners and industry in protecting and restoring the subwatershed moving forward.
For the purposes of the Headwaters Subwatershed Study, the subwatershed was subdivided
into five catchments as labelled in Figure ES 1. These include the Monora Creek Tributaries,
the Eastern Tributaries, the Caledon Tributaries, Mill Creek, and the Credit River.

Figure ES 1 Catchment Zones within Headwaters subwatershed

Figure ES 2 illustrates additional drainage features in the subwatershed. Upper Monora
Creek, Middle Monora Creek, and Lower Monora Creek all drain into Island Lake from the
west and two unnamed tributaries drain into Island Lake from the east. Outflow from Island
Lake marks the start of the Credit River. Downstream of Island Lake, Mill Creek joins the
Credit River from the west, and flows from three unnamed tributaries located within the
Town of Caledon join from the east. The historic location at the former Melville dam on the
Credit River forms the downstream limit of the Headwaters subwatershed.
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Figure ES 2 Detailed map of the Headwaters subwatershed
ii
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The Headwater Subwatershed Study was completed in three phases:
•

Headwater Subwatershed Study Phase 1 Characterization Report (CVC, 2009) - focused
on developing a sound understanding of the features, functions and linkages of the
environmental resources in the Headwater subwatershed. From this work, goals and
objectives were established.

•

Headwater Subwatershed Impact Assessment Phase 2 Study (CVC, 2010) - assessed the
potential impact of proposed land use changes on the watershed features and evaluated
various management strategies leading to a preferred a management strategy to guide
mitigation of the impact of future growth. From this study, a preferred management
strategy was determined for the subwatershed.

•

Headwater Subwatershed Study: Management, Implementation, and Monitoring Plan
(CVC, 2020) – provides a road map for implementing the preferred strategy identified in
Phase 2. It describes what is required to achieve the established goals, identifies roles
and responsibilities of the various stakeholders for implementing the various
recommendations, and identifies long-term monitoring goals to support adaptive
environmental management.

Although Phase 1 and Phase 2 were undertaken some 10 years ago, information provide in
the Phase 3 report reflects current conditions and policies in the Headwaters subwatershed.
Phase 1 - Subwatershed Characterization
The Phase 1 report focuses on characterizing existing conditions, and as such provides a
starting point for the Phase 2 Impact Assessment and the Phase 3 Implementation and
Monitoring Plan. The scope of Phase 1 included the following:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Land Use
Water Budget, Municipal Water Taking and Source Protection
Surface Water Characteristics, Fluvial Geomorphology and Dams
Stormwater Management
Island Lake Dam and Reservoir
Flood Risk
Agriculture
Terrestrial and Wetland Ecology and the Natural System
Aquatic Ecology
Water Quality

The Headwaters subwatershed includes an equal mix of agriculture, urban development and
natural areas, all enveloping Island Lake. It is this equal mix that gives the subwatershed its
diversity, yet it is also a source of potential stress resulting from competition for the same
resources such as groundwater.
The most prominent topographic feature and significant geological feature in the
subwatershed is the Orangeville Moraine. This feature is composed of moderately to highly
permeable stratified drift deposits and encourages groundwater recharge due to its
hummocky topography. Groundwater in the Orangeville Moraine is a critical feature in the
Headwaters subwatershed in that it is the primary supply of municipal water for the
iii
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headwater communities and is the primary source of baseflow feeding the stream network
and Island Lake.
Source water protection requirements are key to watershed management in the Headwaters
subwatershed. The recommendations of the Headwaters Subwatershed Study are consistent
with the requirements and recommendations of the Credit Valley – Toronto and Region –
Central Lake Ontario (CTC) Source Protection Plan (2015) http://www.ctcswp.ca/.
The Island Lake Dam was constructed in 1967 to store runoff during the spring then release
the waters slowly through the summer and early fall to augment baseflow in the upper
Credit River and aid in assimilating discharge from the Orangeville Water Pollution Control
Plant (WPCP). Island Lake is the largest open body of water in the watershed and, as such,
attracts birds and waterfowl that are rarely seen elsewhere in the Credit River watershed.
The Island Lake Conservation Area, including the lake and surrounding lands, also provide a
year-round recreation amenity to the community.
There are four flood damage centres in the subwatershed; three associated with Mill Creek
and the fourth with Monora Creek. Flood prone structures associated with Mill Creek include
the Orangeville Firehall, the Orangeville WPCP, and commercial properties along Broadway
and Townline Road. Flood prone areas associated with Monora Creek are located along 1st
Street. Due to the topography and limited capacity of culverts serving Lower Monora Creek,
excess flow will pond in the vicinity of the intersection of 1st Street and Hansen Boulevard,
with the spill zone extending southerly beyond 4th Avenue. Flooding in this area was
experienced as recently as June 2017.
Agriculture represents 30 percent of land use in the Headwaters subwatershed. The
percentage ranges from a low of 16 percent in the Credit River catchment to a high of
44 percent in the Caledon Tributaries catchment. The Headwaters subwatershed has
experienced some of the Credit River watershed’s greatest declines in agriculture over the
past two decades. Since 1996, the subwatershed has lost half of its farm businesses and
agricultural lands, largely due to urban development.
From an ecological perspective the Headwaters subwatershed is a key contributor to the
overall health of the Credit River watershed with its undulating and hummocky terrain and
numerous wetlands, swales, and watercourses. The many common, rare, unusual and
significant flora and fauna found throughout the headwaters may be explained in part by
the presence of Island Lake and by the large natural areas found across the subwatershed,
and in part by the northerly location of this subwatershed. Many plant species that are
considered rare within the Credit River watershed are found only within the headwaters and
therefore are important contributors to the overall health and biodiversity of the Credit River
watershed. The subwatershed supports significant natural heritage features, including two
large Provincially Significant Wetland (PSW) complexes (the Speersville PSW and the
Orangeville PSW), and three Environmentally Sensitive Areas (Melville Marshes ESA, the
Rosehill Swamp ESA, and the Orangeville Reservoir ESA).
Historically, the streams and rivers within the Headwaters subwatershed were characterized
as resident coldwater communities supporting self-reproducing populations of brook trout.
iv
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Post-European settlement, there have been many changes due to anthropogenic activities,
including urbanization, which have influenced fish communities within the watershed. Mill
Creek, the tributaries of the Eastern catchment, and most of the main stem Credit River
have reduced numbers of brook trout. Health conditions in Monora Creek (mostly excellent),
Caledon Tributaries (generally good) and the middle reach of the main stem Credit River
(excellent) are encouraging in terms of coldwater fishery management. The persistence of
coldwater fish communities and the relatively healthy benthic community suggests that this
subwatershed still has resiliency and with clearly defined goals and objectives, the system
can be maintained and restored.
The health of the Headwaters subwatershed, as well as sensitivity to change, can be
summarized in the following points:
•

Groundwater recharge is key to improving and sustaining the health of the
Headwaters subwatershed system. The potential reduction of groundwater recharge
due to urban development not only needs to be considered in the context of
sustaining the supply of drinking water, but also of maintaining baseflow to sensitive
streams that support important fish species.

•

The streams of the headwaters play an important role within the Credit River
drainage system, including attenuation of flooding, the production of sediment, and
the moderation of temperature. These are important functions that not only affect
the geomorphic stability of the downstream watercourses, but they are also integral
in sustaining and protecting a diverse ecological community.

•

Some key natural heritage and water resources linkages are still largely intact and
are a major determinant of continued ecological health; however, linkages between
tableland forests and riparian corridors are weak although opportunities for
improvement exist on the landscape.
Overall, ecosystems in the subwatershed appear to be relatively healthy although
some areas of the Headwaters subwatershed show signs of stress and degradation.

•

Vision and Objectives
Following the Phase 1 characterization, the Vision for the Headwaters subwatershed was
developed from the input provided by the public, landowners, and businesses present at the
focus group meetings, as well as input from the Technical and Steering Committee. The
Vision of Headwaters Subwatershed Study is: To protect, enhance, and rehabilitate
corridors, tablelands and areas important to the ecological functions of the
Headwaters subwatershed within the limits of the natural system.
Supporting the Vision and Guiding Principles, twelve objectives were developed to ultimately
direct the recommendations and implementation of the Headwaters subwatershed study.
The objectives are a subset of the 18 objectives established for the Credit River watershed
through the Credit River Watershed Management Study Update (CVC, 2007). The objectives
are listed as follows.
1. Increase awareness and education of the linkages between healthy water, healthy
lifestyle and the economy, and the viability of rural and urban land uses
v
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2. Increase knowledge about the wise use of surface and groundwater having regard to
both human and ecological needs
3. Promote the need for environmental stewardship and better understanding of the
importance of natural features and functions of the Credit River watershed
4. Preserve and re-establish the natural hydrologic cycle
5. Maintain, enhance or restore natural stream processes to achieve a balance of flow
and sediment transport
6. Manage stream flow to reduce erosion impacts on habitats and property
7. Minimize risk to human life and property due to flooding
8. Maintain groundwater levels and baseflows (groundwater discharge to streams) to
sustain watershed functions, human uses and climatological change
9. Maintain or enhance water and sediment quality to achieve ecological integrity
10. Protect drinking water sources
11. Protect, restore or enhance the integrity of the watershed ecosystem, through an
integrated network of natural areas, habitats and connecting links
12. Protect, restore or enhance native terrestrial and aquatic plant and animal species,
community diversity and productivity
Phase 2 - Impact Assessment
The Headwaters subwatershed will continue to experience changes in land use over the next
ten to twenty years. Identifying and mitigating the combined impact of urban growth and
increased water taking represents the fundamental challenge for the Headwaters
subwatershed. This is because the combined stress of increased urbanization and water
taking can have a cascade effect on the natural features and municipal infrastructure in the
watershed. Potential impacts include:
•
•
•
•
•

Risk of impaired surface water and groundwater quality due to increased urban
runoff,
Increased water taking and reduced infiltration resulting in a reduction in stream
baseflow and water supply to Island Lake,
Increased erosion and flooding due to increased runoff, particularly during intense
rainfall events,
Reduced baseflow that is key to the local fishery and wastewater assimilation, and
Further fragmentation of the natural heritage features and corridors.

Completion of the impact assessment was important to gaining a better understanding on
how different actions and activities throughout the subwatershed affect the environment.
The results of the impact assessment provide the context and guidance needed to address
different environmental concerns that were identified, and to protect the healthy natural
areas from future changes.
Alternative management scenarios considered three broad factors: land use, stormwater
management, and the Natural Heritage System (NHS). The scenarios are listed in Table ES 1.
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•

Land Use: For all scenarios except Scenario 1 (Base Case), the Provincial Growth Plan
for the Greater Golden Horseshoe (Places to Grow, 2005) coupled with the municipal
Official Plans, were used as the basis for future land use.

•

Stormwater Management: Depending on the scenario, practices ranged from traditional
end-of-pipe facilities designed to improve water quality, reduce erosion potential and
flood risk, through to a combination of end-of-pipe practices and at-source Low Impact
Development (LID) practices.

•

Natural Heritage: For all scenarios except Scenario 4 the natural heritage system
reflects a system based on existing policies and practices 1, with minor modifications.
The enhanced NHS developed in Scenario 4 incorporates the existing policies and
practices NHS and includes additional lands for protection, acquisition, or
restoration/stewardship based on generally accepted ecological concepts that are
commonly applied to NHS planning.

Table ES 1 Alternative Scenarios evaluated in Phase 2 (CVC, 2010)

#
1
2

Land Use
Existing
Conditions
OPs and
Places to Grow

Stormwater Management
Existing Practices
Existing Practices

Natural Heritage
System
Existing Policies and
Practices
Existing Policies and
Practices

3a

OPs and
Places to Grow

LID in new development and
retrofitting of existing development

Existing Policies and
Practices

3b

OPs and
Places to Grow

LID in new development and no
change in existing development

Existing Policies and
Practices

4

OPs and
Places to Grow

LID in new development and
retrofitting of existing development

Enhanced Policies and
Practices

Once the alternative scenarios were defined, a series of modelling analyses were completed
to determine the environmental response of the Headwaters subwatershed to each of the
five alternative scenarios to determine whether the scenarios degrade, maintain or enhance
existing conditions by scoring the environmental response of each against the targets
associated with the objectives of the Headwaters subwatershed.
As a final step the results of the evaluation analysis were combined in a common scoring
system leading to overall conclusions regarding the merits of each management scenario.
Table ES 2 summarize the total score for each alternative scenario for the five catchment
zones and of the Headwaters subwatershed as a whole.
Table ES 3 presents the breakdown of the scoring based on the nine 2 objectives that were
evaluated. In these tables, red signifies the degradation of environmental conditions as
compared to existing conditions, grey signifies the maintenance of similar conditions, while
green represents an improvement.
1

See Table 3.7 of the Phase 3 report for additional details regarding policies and practices used for defining the
natural heritage system.
2
Objectives 1 to 3 were not included in the analysis of alternatives as they speak to beneficial actions that are
equally applicable to all alternatives.
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Table ES 2 Evaluation Summary by Catchment

Catchment
Monora
Creek
Mill
Creek
Eastern
Tributaries
Caledon
Tributaries
Credit
River
Total
Subwatershed

Total Score of Indicators

Max
Score

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

60

32

12

49

35

42

60

26

7

41

30

42

60

42

17

41

40

42

60

42

28

43

38

41

60

39

16

51

31

51

90

48

19

70

42

73

Improvement from existing conditions
Similar to existing conditions
Deterioration from existing conditions

Table ES 3 Evaluation Summary by Objective

Total Score of Indicators
Scenario
Scenario
Scenario
2
3a
3b

Objective

Number of
Indicators

4

3

6.7

0.3

7.0

3.3

7.0

5

2

10.0

0.0

10.0

4.5

10.0

6

1

2.0

0.0

10.0

2.0

10.0

7

1

2.0

0.0

5.0

4.0

5.0

8

3

5.0

4.0

9.0

4.3

8.7

9

9

3.1

1.7

6.2

4.4

6.0

10

1

5.0

2.5

5.0

5.0

7.5

11

8

9.0

9.0

9.0

9.0

9.0

12

1

5.0

1.0

10.0

5.0

10.0

TOTAL SCORE
(Maximum 90)

48

19

70

42

73

Scenario
1

Improvement from existing conditions
Similar to existing conditions
Deterioration from existing conditions
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Scenario
4

A comparison of the results leads to the following conclusions:
•

The business as usual (Scenario 2) approach to stormwater management will degrade
existing environmental conditions.

•

The application of LID measures for new development and the retrofitting of existing
developed areas (Scenario 3a) will maintain or improve existing environmental
conditions.

•

The application of LID measures for new development only (Scenario 3b) will generally
maintain existing environmental conditions.

•

The establishment of an enhanced NHS (Scenario 4) contributes in part to achieving the
study objectives, particularly through enhancing the form and function of the Natural
Heritage System.

Scenario 4, Low Impact Development (LID) in existing and future development and an
enhanced NHS was found to provide the best means of achieving the established goal and
objectives. Each component will be achieved following a different approach.
•

LID measures in New Development: The implementation of LID measures in new
development can be achieved through the design and approval of new development.

•

LID measures in Existing Development: LID measures in existing development can be
achieved as the opportunity arises through land use changes, site redevelopment and
infrastructure upgrades, and through lot level changes with willing businesses and
landowners supported by outreach programs and incentives.

•

Enhancements to the NHS: Development within these additional targeted NHS lands is
not prohibited under existing legislation, regulation, and policies. As such, the longterm preservation of these additional lands is addressed through a combination of
initiatives that will require collaboration between CVC, the area municipalities and the
landowners.

Phase 3 - Management, Implementation and Monitoring
A Management Plan has been developed that includes a comprehensive set of
recommendations that, when implemented, will aid in protecting the subwatershed for
future generations. The Management Plan is geared towards finding compatible uses to both
protect the natural environment and the benefits it provides, while meeting continued urban
growth. The Management Plan is presented in five sections: Stormwater, Groundwater,
Surface Water, Natural Heritage, and Stewardship.
Stormwater Management Plan
Stormwater management will be achieved by applying a treatment train approach.
Collectively the treatment train will include infiltration to maintain or exceed existing
recharge rates; filtration or detention to improve water quality; volume control to reduce
downstream erosion potential; and, peak flow attenuation to reduce downstream flood risk.
For the Headwaters subwatershed the design criteria for stormwater management will be:
•
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Infiltration or Filtration: Subject to guidance provided in Section 4.1 of the Phase 3
report, design Low Impact Development (LID) measures to infiltrate or filtrate a
minimum of the runoff generated by a 25 mm storm.
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•

Runoff Volume: Post development runoff volume for 2-year storm, after discounting for
infiltration/filtration and extended detention, to be no greater than pre-development
runoff volume, and preferable 90 per cent of predevelopment to account for
uncertainty.

•

Peak Flow: Post development peak flows in receiving watercourse to be equal to or less
than existing peak flows for all design storms up to the 1:100-year event.

The types of measures that are appropriate vary depending on the limits of the wellhead
protection areas (WHPA), land use, site soil and water table considerations. Infiltration or
filtration will be achieved through at-source LID practices; however, runoff volume and peak
flow control can be achieved through either LID practices or end-of-pipe facilities.
A series of three figures have been developed to help guide the implementation of LID
practices and pollution prevention measures 3 for various existing urban land uses. These
figures specific address:
•
•
•

Industrial, Commercial and Institutional Properties (Figure ES 3)
Public Land Properties (Figure ES 4), and
Residential Properties (Figure ES 5).

Groundwater Management Plan
The focus of the Groundwater Management Plan is to augment the Source Protection Plan
by providing guidance in the maintenance of groundwater recharge rates, while also
implementing measures to conserve potable water sources and reduce to risk of
contamination. Activities specific to source water protection are more fully addressed in the
Credit Valley – Toronto and Region – Central Lake Ontario (CTC) Source Protection Plan
(2015) http://www.ctcswp.ca/.
Low Impact Development identified as part of the Stormwater Management Plan is an
integral part of the Groundwater Management Plan. Similarly, the Water Quality and
Pollution Control section of the Surface Water Management Plan also plays a critical role in
groundwater protection.
Surface Water Management Plan
The Surface Water Management Plan addresses challenges specific to Island Lake, flooding,
drought, erosion, water quality and pollution control, as well as climate change and water
sustainability.

3

x

see the Surface Water Management Plan

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

Figure ES 3 LID and pollution prevention opportunities on industrial, commercial and institutional properties for existing developed areas.
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Figure ES 4 LID and pollution prevention opportunities on public land properties for existing developed areas.
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Figure ES 5 LID and pollution prevention opportunities on residential properties for existing developed areas.
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Implementation recommendations for Island Lake focus on opportunities to improve the
island lake flow regime from the broad perspective of reducing the potential consequence of
drought, enhancing habitat within the lake itself, and modifying the lake discharge patterns
to better mimic natural flow patterns in the upper reach of the Credit River.
To address flood risk in Orangeville it will be necessary to complete a comprehensive
mitigation study (on-going) that considers both riverine flooding and spill flow that extends
beyond the floodplain. Once complete, the areas designated as two-zone floodplains should
be reviewed and updated as necessary.
To address flood risk in Orangeville it will be necessary to complete a comprehensive
mitigation study (on-going) that considers both riverine flooding and spill flow that extends
beyond the floodplain. Once complete, the areas designated as two-zone floodplains should
be reviewed and updated as necessary.
For commercial/industrial properties it is recommended that Pollution Prevention
Management Plans be developed. The plans include a set of measures that improve the
operation and maintenance of privately and publicly owned lands, buildings, and
infrastructure to reduce pollution generation and, in turn, minimize unsolicited contaminants
from entering the environment. More specifically, the intent of Pollution Prevention is to
minimize potential for spills and contaminated runoff from entering the storm drainage
network and reduce chemical loading rates (e.g., road salt). Applying Pollution Prevention
measures often includes changing behavior, implementing risk management practices, and
educational programs.
In the last few years, the Headwaters subwatershed has been witness to an ice storm,
several extreme rainfall events and a seasonal drought. Moving forward, CVC and the are
municipalities should assess risks as associated with extreme weather events or seasonal
events such as droughts. Risks would encompass consequence to the public, municipal
infrastructure, and the natural environment.
Building on the recommendations of the Joint Water Plan (ww.ctcswp.ca) Policy DEM-6,
municipalities should develop a regional municipal Water Sustainability Plan to help promote
overall water efficiency as a cost-effective way to reduce water demand and generate
additional water, wastewater and stormwater capacity.
Natural Heritage Management Plan
For natural heritage, the objectives of the management plan are:
•

To protect, restore, or enhance the integrity of the watershed ecosystem through an
integrated network of natural areas, habitats and connecting links, and

•

to protect, restore, or enhance native terrestrial and aquatic plant and animal species,
community diversity and productivity.

In line with the objectives, the intent of the Natural Heritage Management Plan is to protect
core areas, maintain and restore connectivity among them and enhance natural vegetation
on adjacent lands and in enhancement areas. Core areas are large areas of contiguous
xiv
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natural vegetation in various states of maturity that provide critical fish and wildlife habitat
essential to maintaining biodiversity and ecosystem functions and services of the Credit
River watershed. These core areas frequently contain features that are or would qualify as
significant under the Provincial Policy Statement (OMMAH, 2020), and smaller adjoining
natural areas that support their function. Together, these natural areas form the core areas
of the Headwaters natural heritage system. Enhancement areas are defined as areas that
support existing core areas and existing linkages and that provide opportunities for
improving ecosystem features and functions within the NHS through stewardship and
restoration.
The plan is structured in four parts: the Natural Heritage System (NHS), Restoration
Opportunities, fisheries and land use planning considerations.
•

Natural Heritage System (NHS): While in the past only natural features with special
attributes have received protection (features-based approaches), the current
approach to NHS planning is to use an ecosystem approach. This approach
recognizes that to maintain a healthy, natural ecosystem, it is necessary to protect
features, the linkages among features, and ecological functions. The enhanced NHS
based on these criteria is intended to protect habitat to reduce the risk of species
loss and provide increased confidence that the natural heritage features and
functions within Headwaters subwatershed can be sustained over the long term. The
enhanced NHS should be viewed as a tool for municipalities to consider in developing
their NHS for official plans, for prioritizing land acquisitions, restoration, and
stewardship, and for prioritizing incentives for best management practices.
Figure ES 6 illustrates the Natural Heritage System (NHS), including the core areas
and the enhancement opportunity areas which were identified as part of the
preferred management strategy.
Restoration Opportunities: Restoration opportunities for the Headwaters
subwatershed have been identified under four different categories of priority areas:
forest, wetland, riparian and grassland restoration.

xv

•

Fisheries: Fisheries restoration priorities have been identified to improve fish habitat,
remove barriers to fish passage, to improve water quality and reduce stream
temperatures. Restoration priorities are classified as high and medium opportunities,
specific to fisheries restoration, pond removal and former pond sediment mitigation.

•

Land use planning considerations: The existing policy and regulation framework, land
use planning context, and NHS protection and restoration strategies were reviewed
to gain an understanding of the current feasibility of implementing the NHS. As part
of the analysis land use designations were overlaid on the enhanced NHS to assist in
the identification of opportunities, barriers and constraints to implementation of the
NHS. Overall, the majority of constraints exist at the western edge of the Town of
Orangeville and the southeast corner of the Township of Amaranth. These areas
could be targeted for stewardship or best management practice incentive programs.
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Figure ES 6 Natural Heritage System for the Headwaters subwatershed
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Stewardship Management Plan
The Stewardship Management Plan is a CVC initiative that focuses on educating, organizing
and aiding urban and rural landowners to implement projects that support the objectives of
the Headwaters Subwatershed Study. The following details stewardship activities specific to
natural heritage restoration, agricultural activities, urban water management.
•

Natural Heritage: The top five priorities for natural heritage restoration are: the site
of the former Melville Dam, the Main Branch of Credit River downstream of Melville
Marshes, natural channel restoration along the upper coldwater reaches of Mill
Creek, North Caledon Tributary with a focus on forest and riparian restoration, and
the Monora Creek Tributaries with a focus on stormwater management measures
with thermal retrofits and dam mitigation.

•

Agricultural Practices: Stewardship efforts with the agriculture community will focus
on both restoration and water quality. Restoration initiatives will focus on restoring
grasslands on marginal agricultural, while the rural water quality program will
address priority contaminant sources and support of nutrient management
standards.

•

Urban Water Management: Urban water management will focus on pollution
prevention education for residential and commercial/industrial communities, as well
as education and guidance specific to naturalization and water management on
private lands.

Recommendations
In total, 63 recommendations were developed. Each recommendation includes anticipated
outcomes, implementation tools, timelines, and a list of the partners responsible for
implementation. The recommendations are colour coded to reflect one of four
implementation categories: policy, programming, land use planning and projects.
Monitoring
The subwatershed study monitoring plan is primarily intended to support an adaptive
environmental management (AEM) approach to managing the subwatershed. An AEM
approach means making decisions as part of an iterative process of robust decision-making
in the face of uncertainty. Monitoring the results of actions, as well as the implementation
success of actions, provides a flow of information that may indicate the need to change a
course of action or certain management elements. Monitoring the implementation of the
subwatershed study provides an ongoing opportunity to update information as new science
and policies become available. The monitoring plan outlines the monitoring that is currently
being done, as well as recommendations for monitoring needed to support an AEM approach
to managing the subwatershed.
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1.0

Introduction

The Headwaters subwatershed is the most northerly sub-basin of the Credit River
watershed. The Headwaters subwatershed sits among gently rolling hills and productive
streams. It hosts growing urban communities, as well as diverse terrestrial and aquatic
habitats, Environmentally Sensitive Areas, a number of headwater tributaries, Island Lake,
populations of sensitive and culturally important fish species, and many rare and unusual
species of plants and animals.
Figure 1.1 shows the location of the Headwaters subwatershed in relation to the entire
Credit River watershed.
The health of the Credit River watershed is intrinsically linked to the health of the
Headwaters subwatershed. What’s more, the health and wellbeing of those that work, live,
and visit the Headwaters subwatershed is innately linked to the health of the Headwaters
subwatershed. As such, this area is of vital importance to the management of the Credit
River watershed.
Subwatershed management is the process of developing and implementing holistic
management recommendations to sustain and enhance the form and function of the
subwatershed. The Headwaters Subwatershed Study aims to complement and be supportive
of the policies of the applicable municipal official plans and the related municipal programs
that strive to achieve similar outcomes related to subwatershed health. The development of
this long-term plan is necessary for the protection, enhancement, and restoration of
environmental quality in light of current and future demands and impacts on resources.

1

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

Figure 1.1 Headwaters subwatershed in relation to the entire Credit River watershed
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The Headwaters Subwatershed Study was undertaken in three Phases, as illustrated in
Figure 1.2. The completed study will be followed by long-term monitoring that will inform
long term management of the subwatershed.

Figure 1.2 Headwaters Subwatershed Planning Process

Using both historical information and data collected from two years of intensive fieldwork,
the Phase 1 Characterization Report (CVC, August 2009) provides a detailed
characterization of the study area and provides a comprehensive understanding of the
natural features, functions, and linkages of the study area. Phase 1 also establishes both
Guiding Principles and Objectives to guide the subwatershed study.
Phase 2, Impact Assessment and Evaluation of Alternative Management Strategies (CVC,
January 2010) assesses the potential impact of proposed land use changes (i.e., growth to
meet future population targets) on the watershed features, and evaluates various
management strategies leading to a preferred a management strategy to guide mitigation
of the impact of future growth.
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This Phase 3 report provides a road map for implementing the preferred strategy identified
in Phase 2. It describes what is required to achieve the established goals, identifies roles
and responsibilities of the various stakeholders for implementing the various
recommendations, and identifies long-term monitoring goals to support adaptive
environmental management. The Phase 3 report is also intended to be a stand-alone report,
and as such includes key components of the Phase 1 and Phase 2 reports. Any data that
may be dated in the Phase 1 and Phase 2 reports has been updated in this Phase 3 report.
The reader is referred to these reports (on file with CVC) for a more comprehensive
discussion of the completed analyses and study findings.
1.1

Structure of the Phase 3 Report

This report is structured into five (5) chapters, listed as follows.
Chapter 1 provides an overview of the subwatershed and the rationale for updating the
1997 version, and also provides the Guiding Framework developed during Phase 1,
comprising the overall Vision, Guiding Principles, and Objectives for the subwatershed.
Chapter 2 is a summary of Phase 1, and as such provides an overview of the current
conditions in the subwatershed.
Chapter 3 is a summary of Phase 2. It addresses future challenges and identifies alternative
management scenarios. It then presents and evaluates the scenarios, leading to a preferred
strategy for managing the subwatershed in the coming years.
Chapter 4 presents a series of discipline-specific Management Plans, while Chapter 5
presents the implementation recommendations associated with each Management Plan. The
recommendations include roles, responsibilities, and timelines.
Chapter 6 contains the Monitoring Plan. It contains recommendations on performance
measurement and monitoring of key issues, such as stormwater, development, and
pollution prevention. It also contains recommendations for monitoring natural heritage,
fisheries and aquatic habitat, Island Lake, and stewardship activities. The intent of the
Monitoring Plan is to support Adaptive Environmental Management (AEM).
1.2

Overview of the Headwaters Subwatershed

The Headwaters subwatershed spans an area of approximately 59 km2 in the Region of Peel
and the County of Dufferin, including the Towns of Caledon, Mono, Orangeville, and the
Townships of Amaranth and East Garafraxa. It lies to the west of the Humber River
watershed, to the east of the Grand River watershed, and to the south of the Nottawasaga
watershed. The groundwater divide is slightly larger than the surface water divide used to
delineate the subwatershed, and a such there is an influx of groundwater to the
subwatershed from adjacent watersheds.
As illustrated in Figure 1.3, there are several watercourses and one large reservoir, Island
Lake, comprising the Headwaters subwatershed. Upper Monora Creek, Middle Monora
Creek, and Lower Monora Creek all drain into Island Lake from the west and two unnamed
4
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Figure 1.3 Detailed Map of the Headwaters subwatershed
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tributaries drain into Island Lake from the east. Outflow from Island Lake at the south dam
marks the start of the Credit River.
Island Lake is the largest open body of water in the watershed and, as such, attracts birds
and waterfowl that are rarely seen elsewhere in the Credit River watershed. Island Lake was
dammed in 1967 to store runoff during the spring, then release the waters slowly through
the summer and early fall to augment baseflow in the upper Credit River and aid in
assimilating discharge from the Orangeville Water Pollution Control Plant. The Island Lake
Conservation Area, including the dam, lake and surrounding lands, also provide a yearround recreation amenity to the community.
Downstream of Island Lake, Mill Creek joins the Credit River from the west. At the southern
end of the subwatershed, flows from three unnamed tributaries located within the Town of
Caledon join from the east into the Credit River. The historic location at the former Melville
dam before it collapsed, forms the downstream limit of the Headwaters subwatershed.
For the purposes of the Headwaters Subwatershed Study, the subwatershed was subdivided
into five catchments discussed above and labelled in Figure 1.4. These include the Monora
Creek Tributaries, the Eastern Tributaries, the Caledon Tributaries, Mill Creek, and the
Credit River.

Figure 1.4 Catchment Zones within Headwaters subwatershed
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1.3

Need for the Headwaters Subwatershed Plan

In 1997 Credit Valley Conservation (CVC) and the municipalities of the Headwaters
subwatershed completed the first Headwaters Subwatershed Plan (CVC, 1997). This plan
informed and guided the municipalities, provincial government, CVC, and non-government
agencies as they updated their policies and practices and implemented actions to improve
and protect the area. Over the last two decades land use changes in the subwatershed have
extended beyond what was predicted and accounted for in the 1997 Headwaters
Subwatershed Plan. As well, advances in science, changes in policies, and emerging threats,
like climate change, have triggered the need for an updated Subwatershed Plan.
More specifically, there has been a growing influence and impact on (1) changes to the
natural water balance of the subwatershed, (2) fragmentation of the natural system, and
(3) stresses associated with flooding and drought. Since completion of the original plan the
Clean Water Act requiring source water protection plans came into being.
Population growth has increased the consumptive water demand, which is sourced from
groundwater. At the same time the increase in impervious cover associated with urban
growth reduces the opportunity for precipitation to infiltrate. In addition, the change in
global weather patterns has the potential to increase the frequency and duration of drought
conditions. Overall the combined impact of reduced infiltration, increased water taking and
changes in climate have the potential to exacerbate municipal supply concerns, threaten the
availability of low flows discharging from Island Lake necessary to meet assimilative
capacity for the Water Pollution Control Plant (WPCP) that discharges to the Credit River,
influence important wetlands and riparian areas downstream, and potentially affect aquatic
habitat for culturally important species, such as brook trout.
The Headwaters subwatershed continues to support significant and sensitive natural
heritage resources and retains a diverse flora and fauna. However, natural features are
somewhat isolated in certain parts of the subwatershed, particularly in the Town of
Orangeville and in future areas slated for urbanization. The combined stressors of
urbanization and water taking could potentially degrade these features and the functions
they provide and limit their functional connectivity to the larger watershed natural heritage
system. Dams also contribute to the fragmentation of this watershed, as they impede fish
movement and hydrologic connectivity in several locations. Roads associated with
urbanization could potentially pose an additional barrier to wildlife movement through
valleylands. Appropriate land use planning provides an opportunity to mitigate some of
these stressors as the region grows.
In planning for the future, decision-makers need to understand how streamflow, water
quality, aquatic communities, recharge to our water supply, and uses of resources are
connected. Each of these components is interconnected in complex and sometimes unknown
ways. To aid in making informed decisions, the subwatershed plan provides an
understanding of the interrelationships of the physical, biological, and chemical components
of the subwatershed and provides a plan that informs and guides policy, planning,
management, and stewardship activities.
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This study is intended to be used as one component of a land use management strategy
that will be used by municipal partners in an effort to balance economic, social, and
environmental needs within the subwatershed communities.
1.4

Subwatershed Team

The Headwaters Subwatershed Study was prepared by a Technical Committee, responsible
for completing the technical analysis, and a Steering Committee, responsible for providing
guidance.
The Technical Committee was comprised of representatives from consulting firms and CVC
staff, who have expertise in the technical components of the study including hydrology,
hydraulics, hydrogeology, water quality, fluvial geomorphology, terrestrial ecology,
planning, and aquatics.
The Steering Committee was comprised of staff from the Town of Orangeville, the Town of
Caledon, the Town of Mono, the Township of Amaranth, the Township of East Garafraxa, the
Ontario Ministry of Natural Resources and Forestry (MNRF), the Ontario Ministry of
Environment, Conservation and Parks (MECP), the Ontario Ministry of Energy, Northern
Development and Mines (MENDM), the Ontario Ministry of Municipal Affairs and Housing
(MMAH), and the Region of Peel.
1.5

Guiding Framework

During Phase 1 a Vision for the Headwaters subwatershed was developed through
consultation with the Technical and Steering Committees. The Vision represents a broad
statement on the future desired state of the subwatershed. Eight Guiding Principles were
developed to provide a broad framework for achieving the Vision.
The Vision of Headwaters Subwatershed Study is:

To protect, enhance, and rehabilitate corridors, tablelands and areas
important to the ecological functions of the Headwaters
subwatershed within the limits of the natural system.

The Guiding Principles for the Headwaters Subwatershed Study include:
1.

2.
3.
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Recognize that the responsibility for the health of water and natural resources is shared
by everyone. Successful water management within the Credit River watershed can only
be achieved through active and sustained partnerships with all levels of government,
agencies, groups, and individuals.
Apply a long-term approach to ensure a sustainable and environmentally healthy river
for current and future generations.
Maintain a watershed-scale perspective and consider the implications of our cumulative
actions, as well as external factors, on the watershed as a whole.
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4.
5.

6.
7.
8.

Protect, enhance, and restore natural systems as a priority within the urban
environment and throughout the watershed.
Take a preventative, proactive, and integrative approach based on the principles of
adaptive management. Where there is uncertainty, risk, or irreversibility, use caution
and err on the side of protecting the environment.
Pursue reasonable, practical approaches to water and natural resources management
based on sound science, creativity, and innovation for effective solutions.
Recognize that healthy communities require a sustainable balance between economic,
social, natural, and human uses in the watershed.
Promote ecologically sustainable lifestyles and behaviours through sustainable urban
design approaches.

Supporting the Vision and Guiding Principles, a series of objectives has been developed to
direct the ultimate recommendations of the subwatershed study. Twelve (12) objectives, all
of equal importance, have been established to guide and inform the study. The objectives
are a subset of the 18 objectives established for the Credit River watershed through the
Credit River Watershed Management Study Update (CRWMSU, CVC 2007).
The twelve objectives are listed below along with corresponding objective number listed in
the CRWMSU. Appendix A includes additional details regarding each objective, including a
set of related indicators and targets.
1. Increase awareness and education of the linkages between healthy water, healthy
lifestyle and the economy, and the viability of rural and urban land uses.
(CRWMSU #1)
2. Increase knowledge about the wise use of surface and groundwater having regard to
both human and ecological needs. (CRWMSU #2)
3. Promote the need for environmental stewardship and better understanding of the
importance of natural features and functions of the Credit River watershed.
(CRWMSU #3)
4. Preserve and re-establish the natural hydrologic cycle. (CRWMSU #4)
5. Maintain, enhance, or restore natural stream processes to achieve a balance of flow
and sediment transport. (CRWMSU #5)
6. Manage streamflow to reduce erosion impacts on habitats and property.
(CRWMSU #6)
7. Minimize risk to human life and property due to flooding. (CRWMSU #7)
8. Maintain groundwater levels and baseflows (groundwater discharge to streams) to
sustain watershed functions, human uses, and climate change. (CRWMSU #8)
9. Maintain or enhance water and sediment quality to achieve ecological integrity.
(CRWMSU #9)
10. Protect drinking water sources (CRWMSU #10)
11. Protect, restore, or enhance the integrity of the watershed ecosystem through an
integrated network of natural areas, habitats, and connecting links. (CRWMSU #15)
12. Protect, restore, or enhance native terrestrial and aquatic plant and animal species,
community diversity, and productivity. (CRWMSU #16)
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2.0

Current Conditions

The Headwaters Subwatershed Study: Phase 1 Characterization
Report (CVC, 2009) provides a comprehensive understanding of the
natural features, functions, and linkages of the Headwaters
subwatershed informed by detailed monitoring and analyses of
groundwater, surface water, water quality, stream geomorphology,
fisheries and aquatic habitat, and the natural heritage communities.

The Headwater subwatershed includes an equal mix of agriculture, urban development and
natural areas, all enveloping Island Lake. It is this equal mix that gives the subwatershed its
diversity, yet it is also a source of potential stress resulting from competing for the same
resources such as groundwater.
From an ecological perspective the Headwaters subwatershed is a key contributor to the
overall health of the Credit River watershed with its undulating and hummocky terrain and
numerous wetlands, swales, and watercourses. The many common, rare, unusual and
significant flora and fauna found throughout the headwaters may be explained in part by
the presence of Island Lake and by the large natural areas found across the subwatershed.
Many plant species that are considered rare within the Credit River watershed are found
only within the headwaters and therefore are important contributors to the overall health
and biodiversity of the Credit River watershed.
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The following sections provide a summary of the key findings from the Phase 1
Characterization Study (CVC, 2009) for:
1) Land Use
2) Water Budget, Municipal Water Taking and Source Protection
3) Surface Water Characteristics, Fluvial Geomorphology and Dams
4) Stormwater Management
5) Island Lake Dam and Reservoir
6) Flood Risk
7) Agriculture
8) Terrestrial and Wetland Ecology and the Natural System
9) Aquatic Ecology
10) Water Quality
2.1

Land Use

Table 2.1 provides a summary of land uses across the catchments in the Headwaters
subwatershed. As illustrated, land use varies considerably by catchment zone, although
overall agriculture, natural areas, and urban land use are relatively equal. Highlights
include:
• Agriculture represents 30.0 percent of land use in the Headwaters subwatershed. The
percentage ranges from a low of 16.1 percent in the Credit River catchment to a high
of 44.4 percent in the Caledon Tributaries catchment.
•

Natural areas defined as terrestrial (e.g., forest), wetland (e.g., swamp), and aquatic
habitat represent 36.3 percent of land use, ranging from 17.5 in Mill Creek to 48.4
percent in the Caledon Tributaries.

•

Island Lake itself represents 2.9 percent of land use.

•

Aggregate operations represent 1.4 percent of land use, focused north of Island Lake.

•

Urban land use represents 29.4 percent of land use, including residential/institutional,
commercial/industrial and open space. The Town of Orangeville represents the
dominate urban land use in the subwatershed. Although centred over Mill Creek, it also
encompasses Lower Mill Creek and the Credit River. There is also some urban
development in the eastern tributaries, to the south of Island Lake. Table 2.1 also
summarizes the percentage of each catchment that is impervious, ranging from 1.3
percent in the Caledon Tributaries to 22.2 percent for Mill Creek.

Figure 2.1 identifies areas of future development as defined by the Official Plans of
Orangeville, Mono, East Garafraxa and Amaranth. As illustrated, the majority of future
development will occur in Amaranth Township and the western limit of Orangeville. There is
limited future development in the Town of Mono and the Township of East Garafraxa. No
development is proposed in the Town of Caledon.
The future development as per the Official Plans adds to 404 ha. This includes 162 ha of
residential /institutional and 242 ha of industrial/commercial. Once fully developed the
urban land use in the Headwater subwatershed will increase from 29.4 percent to 36.3
percent. On the assumption that the new development will include 40 percent impervious
surfaces, the total impervious component of the Headwater subwatershed will increase from
9.0 percent to 11.8 percent.
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Table 2.1 Existing land use by catchments (2018)

Catchment Zones (%)
Monora
Creek
Tributaries

Eastern
Tributaries

Mill
Creek

Caledon
Tributaries

Credit
River

Total
Catchment
/Weighted
Average

1,157 ha

1,471 ha

807 ha

1,185 ha

1,263 ha

5,883 ha

Agricultural (%)

30.5

32.2

26.1

44.4

16.1

30.0

Natural Areas (%)

36.4

33.1

17.5

48.4

40.5

36.3

--

11.5

--

--

--

2.9

Aggregate (%)

4.6

1.5

0.5

--

--

1.4

Open Space (%)

3.6

5.2

5.1

0.4

5.6

4.0

Residential/
Institutional (%)

20.6

11.2

30.7

5.3

29.2

18.4

Commercial/
Industrial (%)

4.3

5.1

20.1

1.5

8.6

7.0

Total Impervious
Area (%)

9.0

2.0

22.2

1.3

16.1

9.0

Total Area (ha)

Island Lake (%)

Note: Island Lake is included with the Eastern Tributaries catchment zone
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Figure 2.1 Future Land Use as per the Official Plans
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2.2

Water Budget, Municipal Water Taking and Source Protection

The most prominent topographic feature and significant geological feature in the
subwatershed is the Orangeville Moraine. This feature is composed of moderately to highly
permeable stratified drift deposits and encourages groundwater recharge due to its
hummocky topography. Groundwater in the Orangeville Moraine is a critical feature in the
Headwaters subwatershed in that it is the primary supply of municipal water for the
Headwater communities and is the primary source of baseflow feeding the stream network
and Island Lake.
The following sections address municipal water taking, the existing water balance, and
source water protection. The analyses summarized herein are detailed in the Phase I and
Phase 2 reports, and in the Orangeville, Mono and Amaranth Tier Three Water Budget and
Local Area Risk Assessment Report (AquaResource Inc., May 2011) also referred to as the
Tier Three Assessment Report.
2.2.1 Municipal Water Taking
All drinking water in the Headwaters subwatershed is obtained from groundwater resources.
Water is obtained from individual private wells, private communal systems, or municipal
systems. The Towns of Orangeville and Mono and the Township of Amaranth have municipal
water supplies within the Headwaters subwatershed. The Town of Orangeville obtains its
water from twelve municipal wells located in nine wellfields, while the Town of Mono pumps
water from seven wells in three wellfields. Figure 2.2 illustrates the locations of Municipal
Wells. The Township of Amaranth’s Pullen Well is located west of the Town of Orangeville,
and it is planned to supply drinking water to a growing population.
Under existing conditions (2020) an average of 9,845 m3 of water is withdrawn daily. The
wells that supply the majority of the drinking water are not uniformly distributed within the
Headwaters subwatershed but rather are concentrated in the western portions of the
Monora Creek Tributaries and Mill Creek catchment zones.
2.2.2 Water Budget and Streamflow
The components of the water budget within Headwaters subwatershed are summarized in
Table 2.2. The precipitation and total streamflow were measured at CVC’s Island Lake
climate station and at CVC’s Melville streamflow station on the Credit River. The remainder
of the water balance values were derived through the modelling and analyses undertaken as
part of the Tier Three Assessment Report and are based on conceptual geological and
numerical modelling that incorporates multi-stakeholder demand, streamflow data, and 45
years of precipitation data.
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Figure 2.2 Municipal Wells
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Table 2.2 Existing water balance for the Headwaters subwatershed

Inflows
Total Precipitation

Flow
(m3/d)

Flow
(% of
Precipitation)

Flow
(mm/yr)

148,500

891

100%

Flow from GRCA into Sub 19

5,000

30

3.4%

Flow from Subs 17 and 18
into Sub19

4,000

24

2.7%

Flow from NVCA into Sub 19

1,900

11

1.3%

Flow from TRCA into Sub 19

200

1

0%

159,600

957

107%

Evapotranspiration

93,200

560

62.8%

Streamflow (Melville)

58,000

348

39.1%

8,400
9,845

50
58

5.7%
6.6%

169,445

1016

114%

Groundwater Flow In

Total Inflow
Outflows

Groundwater Flow Out
Flow from Sub 19 into NVCA
Municipal takings
Total Outflow

Key points illustrated in the water balance include:
1) The annual precipitation in the subwatershed amounts to 891 mm/year. This equates
to 148,500 m3/d. Evapotranspiration was calculated to be 560 mm/year (93,200
m3/d). Thus, the net water surplus is 331 mm/year. This is consistent with values
measured across southern Ontario where annual rainfall is comparable.
2) Modelling results indicate that a fairly significant amount of groundwater flows into
the Headwaters subwatershed across the subwatershed boundaries. Approximately
5,000 m3/d flows into the subwatershed from the Grand River watershed, and an
additional 4,000 m3/d flows into the subwatershed from subwatersheds 18 and 17 to
the south. Much of the cross-boundary flow from the Grand River is in response to
municipal pumping. The total influx equates to the equivalent of 66 mm/year of
precipitation.
3) Outflows from Headwaters subwatershed include evapotranspiration, discharge to
surface water (streams and wetlands), groundwater taking, and groundwater flow
out of the subwatershed northward into the NVCA.
a. Average annual streamflow, as measured at the Water Survey of Canada
Melville Gauge is 58,000 m3/day, or 348 mm/yr across the subwatershed.
Sources of this water includes the combined surface runoff and WPCP
discharge, groundwater discharge originating from the subwatershed, and the
discharge of the net groundwater gained from the surrounding
subwatersheds. The difference between the net water surplus of 331
mm/year and the streamflow at the Melville gauge is as a result of the net
groundwater gained.
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b. Approximately 8,400 m3/d of groundwater flows to the north out of the
Headwaters subwatershed into the Nottawasaga River watershed along the
eastern boundary of the subwatershed. This flow to the north is driven by the
steep hydraulic gradient into the valley north of the Island Lake Reservoir.
c. The results of the Tier Three Assessment Report confirm the finding of the
regional Tier 2 water budget work (water balance for Credit Valley
watershed), that the headwaters area of the watershed is a complex area
where demands on water availability are competitive and must be properly
managed. The Tier 3 analyses suggest that on average, groundwater outflow
exceeds inflow by approximately 7 percent from the subwatershed annually
and highlights the necessity for the protection of environmental water
demands.
As noted in the Tier Three Assessment Report and detailed herein as part of Section 2.5, the
Monora Creek catchment provides half of the average annual inflow Island Lake, but
approximately 75 percent during baseflow or dry conditions. Therefore, any potential
reductions in Monora Creek flows would impact the yield capacity of Island Lake. Moving
forward, this speaks to the need to maintain flows in Monora Creek.
2.2.3 Source Water Protection
The Province introduced the Clean Water Act (Ontario, 2006) defining the requirements for
Source Water Protection Plans for municipal water supplies.
The overall objectives of the Source Water Protection program are to:
•

•
•

Identify zones where the quality and quantity of municipal drinking water sources
could potentially be impacted by activities on the landscape above municipal
aquifers,
Assess the level of risk associated with each zone; and,
Recommend protective measures (policies) to eliminate or manage the threats
posed by these activities.

With respect to this, the surface water and groundwater flow systems in the Headwaters
subwatershed were analyzed using computer models to develop an appreciation of:
•

•

The sensitivity and vulnerability of the geologic environment associated with
municipal wells, in order to determine the types of land activities and usages that
could pose potential water quality threats to the drinking water system, and
The quantity of water potentially available to municipal drinking water systems
during both average and drought conditions

The technical studies on water quality and quantity pertaining to municipal drinking water
systems in the headwaters area are presented in the Approved Amended Assessment
Report: Credit Valley Source Protection Area (CTC, 2015). Per the findings of the technical
work, the Approved Source Protection Plan: CTC Source Protection Region (CTC, 2015)
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prescribes measures by way of policies to protect drinking water supplies against potential
risks associated with land-based activities and usage. Drinking water threats that are
identified (through the technical work) as being potentially significant must be addressed by
policies in the SPP.
Requirements for source water protection for water quality and water quantity are
addressed independently given their different policy requirements. Each is addressed below.
Water Quality Vulnerable Areas – WHPA A to E
A wellhead protection area (WHPA) is the zone that surrounds a well through which
contaminants are reasonably likely to move toward or reach the well. The size of the area is
determined by using a computer model that estimates the time it takes groundwater to
travel within the aquifer to the well based on the rate the water is pumped out of the well
(maximum permitted rate applied), the type of geological materials around the well and the
speed that groundwater travels. Pollutants from a variety of activities can seep into the
ground and move toward a well.
The following WHPAs have been determined for municipal wells in the headwaters area:
•

WHPA-A: the zone within 100m of radius of the well - The area where the risk to the
well is highest and the greatest care should be taken in handling any potential
contaminant.

•

WHPA-B: the zone where groundwater is estimated to take up to two years to reach
the well from within the aquifer. This second ring is important to protect from
bacteria and viruses from human and animal waste, as well as hazardous chemicals.

•

WHPA-C: the zone where groundwater is estimated to take up to five years to reach
the well from within the aquifer. Although biological contaminants are less of a
concern in the third ring, chemical pollutants remain a concern.

•

WHPA-D: the zone where groundwater is estimated to take up to 25 years to reach
the well from within the aquifer. In this outer ring, the most persistent and
hazardous pollutants remain a concern.

•

WHPA-E: the zone in and around the surface water body that is influencing a GUDI
well. 4 WHPA-E is delineated from the point of interaction between the aquifer and the
surface water body that is nearest to the well.

The location of water quality WHPAs A-E in the headwaters area is shown on Figure 2.3.
Development and redevelopment in the WHPAs will need to consider source water
protection as an integral part of site development, water and wastewater management.

GUDI - Groundwater Under the Direct Influence of Surface Water. The Drinking Water Systems Regulations
(Ont. Reg. 170/03) under the Safe Drinking Water Act, 2002 defines specific circumstances under which a
groundwater supply is considered to be GUDI. These wells are more susceptible to contamination than nonGUDI wells because they can be affected by short-term water quality issues associated with surface water
sources).

4
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Figure 2.3 Wellhead protection areas for water quality by municipal wells. Source: https://www.ctcswp.ca/app/uploads/2017/05/RPT_20100317_AquaROrangevilleMonoWHPA.pdf
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Water Quantity Vulnerable Areas – WHPA Q1 and Q2
The WHPA-Q1 and WHPA-Q2 are zones that were designated to protect the quantity of
water required by a municipality to meet their current and future water needs. These are
the areas within which water quantity risk was determined.
In the Headwaters municipalities, these areas were determined / delineated using a linked
surface water – groundwater model called the Tier 3 Water Budget groundwater model.
Detailed discussion of the modelling work, as well as a review of the risk assessment criteria
and process can be found in the following reports:
•

AquaResource Inc., May 2011. Orangeville, Mono and Amaranth Tier Three Water
Budget and Local Area Risk Assessment); and

•

Approved Amended Assessment Report: Credit Valley Source Protection Area (CVC,
2019)

The WHPA-Q1 was determined by examining the change in predicted water level within the
Amabel formation, which is the major aquifer tapped by Orangeville’s and Mono’s municipal
wells. It is delineated as the combined area that is the cone of influence of a well, and the
whole of the cones of influence of all other wells that intersect that area. The extent of the
cone of influence is determined by selecting an appropriate drawdown threshold, which
considers several factors. These factors include the seasonal change in aquifer water levels
(often in the range of 0.5 m – 1.0 m over the year) and available field observations of how
pumping the municipal well or wells causes a reduction in the aquifer water level
(drawdown) near the well.
The WHPA-Q2 is defined as the WHPA-Q1 area, plus any area where a future reduction in
recharge may have a measurable impact on the cone of influence of the municipal wells.
Such reduction might occur through the future development of current natural areas, the
aerial extent of which was determined through consultation of municipal official plans, and
through discussion with senior municipal staff.
For the purpose of land use policy application/administration these zones have been
combined to create another, termed the Local Area, or WHPA Q1/Q2 area.
The location of the Local Areas (WHPAs-Q1/Q2) in the headwaters area is shown on
Figure 2.4. Development and redevelopment in these areas will need to consider source
water protection as an integral part of site water management.
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Figure 2.4 Vulnerable Local Areas (WHPA Q1/Q2)
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2.3

Surface Water Characteristics, Fluvial Geomorphology, and Dams

2.3.1 Watercourse Characteristics
As previously discussed and illustrated in Figure 1.3, the Headwaters subwatershed was
divided into five catchment zones. The surface water features associated with each
catchment zone are as follows:
•

•

•

•

•

Monora Creek Tributaries: This zone encompasses the three tributaries of Monora
Creek, including Upper Monora Creek, Middle Monora Creek, and Lower Monora
Creek. The sub-basin drains an area of 11.6 km2 directly to Island Lake.
Eastern Tributaries: This zone encompasses two unnamed tributaries that drain
directly into Island Lake. Island Lake is also considered part of this zone. The subbasin drains an area of 14.7 km2 directly to Island Lake.
Mill Creek: This zone encompasses Mill Creek, which drains a large portion of the
Orangeville urban centre. The sub-basin drains an area of 8.7 km2 to the Credit
River.
Caledon Tributaries: This zone encompasses three separate watercourses that drain
directly into the main branch of the Credit River. The sub-basin drains an area of
11.9 km2 to the Credit River.
Credit River: This catchment zone encompasses the main branch of the Credit River,
which extends from Island Lake South Dam to Melville Village. The total drainage
area for this sub-basin is 12.6 km2.

Monora Creek Tributaries and the Eastern Tributaries, representing 40 percent of the
headwater subwatershed drainage area, discharge directly to Island Lake. As per its design,
the lake then attenuates all runoff such that there is a steady rate of discharge throughout
the year. Briefly in the spring, and occasionally following a severe event, outflow from the
lake will pass over the spillway. The consequence is that the flow in the Credit River
downstream of the lake is steady with very little temporal variance. The outflow from the
Orangeville WPCP releases to this reach of the river. The steady outflow from the lake
serves to dilute discharge from the WPCP.
Lower Monora Creek and Mill Creek are dominantly urban watercourses. As such they are
flashy and very responsive to storm events. As noted, Lower Monora Creek discharges
directly to Island Lake where the runoff is fully attenuated. Mill Creek discharges to the
Credit River approximately one kilometre downstream of Island Lake.
The remaining watercourses are located in rural areas where agricultural land uses and
natural areas are equally dominant. Natural areas, including wetlands and forest, have a
significant hydrologic influence by reducing runoff rates, enhancing evapotranspiration and
promoting infiltration.
Channel floodplain storage is also a dominant feature of the Headwater subwatershed where
the Credit River follows a glacial spillway. The broad floodplains and flat channel gradients
associated with these spillways aids in attenuating flood flows in the upper Credit River.
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2.3.2 Fluvial Geomorphology
Within the Headwaters subwatershed the Credit River is predominantly aggregational (more
sediment is generally deposited within the watercourse than eroded), with some areas of
lateral adjustments and minor widening. Immediately downstream of Island Lake the river
is braided due to the outflow patterns from the dam structure. Downstream and west of
Highway 10 the channel has a low gradient and flows through a wetland corridor dominated
by marsh and grass vegetation. At the upstream extent of this reach there are several side
channels; here accumulations of large woody debris and beaver activity have resulted in
local channel widening. Further downstream the banks become more defined and there is
evidence of some minor erosion causing lateral adjustment. Channel boundary materials
within the Credit River are dominantly sandy with some localized fine gravel along the bed
and organic matter in wetland and backwater areas. Cobble riffles are limited to artificially
placed stone near road crossings. The channel generally appears well connected to its
floodplain; no excess erosion was noted along the Credit River.
The channel gradients for many of the tributaries are relatively steep, particularly at the
confluence with the Credit River, which leads to high flow velocities. However, the pockets
of forest cover along the tributaries tend to moderate this effect by slowing runoff and
increasing infiltration. In addition, in heavily forested areas snow melts later than in
agricultural areas. The delayed snowmelt reduces the potential for flooding and provides
additional opportunities for groundwater recharge.
Channel boundary materials of Mill Creek, Monora Creek and the Eastern Tributaries are
dominantly sand and gravel with some areas of cobble and bedrock control. Sand dominates
Caledon Creek and the Eastern Tributaries making them particularly sensitive to changes to
flow or sediment regime. Generally, vegetation appears to influence channel form with
grassy reaches being narrow and aggregational and forested reaches being wider with
accumulations of woody debris in the channel. Channels generally appear well connected to
their floodplains.
There are numerous swales and low order watercourses within the subwatershed. Some
have intermittent or ephemeral flow regimes, and others are influenced by groundwater.
Headwater streams exert an important influence on the ecological health, stability, and
sustainability of the downstream receiving watercourses through flow attenuation, sediment
production, trapping of excess sediment and input of organic matter.
Key pressures influencing the geomorphological processes in the Headwaters subwatershed
are dams and online ponds; watercourse straightening due to agriculture; straightening and
encroachment due to urbanization; and, road crossings.
To varying degrees, watercourses are also adjusting to changes in flow and sediment
regime as a result of urbanization and agriculture. When disturbances to a system cause
thresholds to be exceeded, the channel will respond by altering its bed form, cross-section
and planform configuration. The rate of adjustment is a function of boundary materials. In
the Headwaters subwatershed, where sand is a dominant material on the channel bed and
in the banks, the process can easily be initiated. Given the sensitivity of the subwatershed
watercourses, future storm water management requirements will need to consider volume
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control and erosion thresholds to ensure that changes in flow regime due to urbanization
have minimal impact on the headwater tributaries.
There has likely been increased sediment supply (from agricultural runoff) and discharge
compared to pre-settlement conditions. Some local channel straightening due to agriculture
has occurred in the Caledon Tributaries and Monora Creek. Changes in land use within the
subwatershed within the last 70 years are dominantly associated with residential growth in
the Town of Orangeville (i.e., the transition from agricultural to residential land use).
Straightening and encroachment due to urbanization/commercial development impacts the
Upper, Lower and Middle Mill Creek, and Lower and Middle Monora Creek. Erosion sites and
lateral adjustment were noted along Mill Creek within the Town of Orangeville which is
attributed to urbanization and associated channel works. Many channel sections show
evidence of a more frequent flow stage or an inset channel, suggesting that they have been
experiencing long-term incision and/or are in the process of enlarging (e.g., Lower Monora
Creek and Mill Creek).
Road Crossings can also impose grade controls, with aggregational processes upstream and
localized scour downstream of the crossings. These are most evident in the Caledon
Tributaries, Monora Creek and Mill Creek.
Erosion Potential Assessment
An erosion potential assessment was undertaken to quantify natural processes that are an
indicator of erosion potential. The analysis is intended as a comparative analysis which can
then be used to evaluate future management scenarios. Using the HSPF hydrologic model
the focus was on two specific indicators.
Indicator 1 – Bankfull Flow Ratio: This indicator quantifies the ratio of current bankfull flow
to historic bankfull flow. For watercourses that are stable the objective under future
scenarios is to maintain or reduce the ratio, whereas for reaches which have already been
destabilized the objective is to reduce the ratio as much as is practical. As a general guide,
a value of 1.0 is considered a stable channel.
Indicator 2 – Erosion Threshold Exceedance Duration: This indicator quantifies the fraction
of the flow volume that occurs above the erosion threshold. For watercourses that are stable
the objective for future scenarios is to maintain or reduce the fraction exceeding the erosion
threshold, whereas for reaches which have already been destabilized the objective is to
reduce the ratio as much as is practical. As a general guide, the smaller the value the more
stable the channel.
Under Indicator 1, Table 2.3 summarizes the ratio of existing bankfull flow to historic
bankfull flow. Under Indicator 2 Table 2.3 lists the fraction of the flow that exceeds the
erosion threshold. For both indicators the table established the management response.
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Table 2.3 Discharge Magnitude Frequency and Erosion Threshold Exceedance
Indicator 1

Indicator 2

Bankfull Flow Ratio
(existing: historic)

Erosion Threshold Exceedance
Duration

Existing
Ratio
Upper Monora Ck.
Middle Monora Ck.
Lower Monora Ck. North
Lower Monora Ck. South
Lower Monora Ck.
Main Monora Ck.
Mill Ck. Upstream
Mill Ck. Downstream
Eastern Tributary 1
Eastern Tributary 2A
Eastern Tributary 2B
Caledon Tributary 2
Caledon Tributary 3
Caledon Tributary 1
Credit R Upstream
Credit R Upstream

2.3
2.3
1.5
1.4
1.4
1.7
1.3
1.3
3.0
1.6
1.6
2.7
2.3
2.7
1.9
1.9

Management
Response

Existing
Fraction (%)

Management
Response

1.2
2.0
2.5
2.0
2.3
1.4
2.5
2.5
12.2
2.6
1.9
2.9
2.8
16.2(1)
1.0
1.2

Maintain
Maintain
Maintain/Reduce
Maintain/Reduce
Maintain
Maintain
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain
Maintain
Maintain
Maintain
Maintain/Reduce
Maintain
Maintain

Maintain/Reduce
Maintain/Reduce
Reduce
Reduce
Maintain/Reduce
Maintain/Reduce
Reduce
Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce
Maintain/Reduce

Note 1: Catchments dominated by ephemeral flow conditions are associated with high percentages as flow
volumes are very low during dry periods.

2.3.3 Dams
In addition to the Island Lake Reservoir, there are 32 dams and several online ponds in the
subwatershed. The subwatershed is ranked as 5th for overall dam management priority out
of the 22 subwatersheds in the Credit River watershed (River of the Dammed: A Fisheries
Based Dam Mitigation Prioritization Tool for the Credit River (CVC, 2017)).
Dams impact watercourses upstream, downstream and within the pond/lake footprint. They
act as a grade control for upstream reaches, influencing channel processes by impacting
channel profile configuration and development. Standing water behind dams restricts
downstream movement of sediments, imposing processes of sediment deposition and
accumulation. Downstream reaches are therefore sediment starved. This has several key
impacts, notably that the reaches immediately downstream are void of features, such as
gravel riffles which provide important habitat. This also leads to the “clear water” effect,
where flow has much more potential to mobilize and transport bed and bank material, since
material from upstream that would naturally be entrained is not available, or in other words,
the watercourse will try to replenish its sediment load through bed and bank erosion. Once
the available material is eroded, the channel bed may become armored. Dams and on-line
ponds also modify flow conditions, potentially leading to local channel adjustments.
Melville Dam, at the lower end of the subwatershed on the Credit River, failed in 2017, and
under current conditions the structure remains partly in place. The failure has partially
reconnected the sediment supply downstream, and there has been considerable channel
adjustment in this area. Notably, a defined bankfull cross section has formed upstream in
place of the pond, and downstream there has been some bank erosion and deposition of silt
and sand within the channel and on the floodplain. The steel sheet piling protection
25

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

associated with the Willoughby Road crossing also continues to act as a control, reducing
sediment transport under most flow conditions.
2.4

Stormwater Management

In natural settings vegetation and undulating terrain help to minimize and attenuate runoff.
However, in an urban setting where grading is designed to promote runoff and permeable
surfaces are pervasive, infiltration diminishes and runoff increases. Consequently, erosion
and flooding increase. Moreover, water quality and aquatic habitat deteriorate due to the
runoff of urban pollutants.
Starting some 35 years ago in the Headwaters subwatershed, stormwater management
measures have been implemented to mitigate the consequence of urbanization. The initial
focus was on on-line ponds designed to reduce peak flow. Following the release of MOEE
guidelines in 1993 the focus has been on multi-function storm water management facilities
that improve water quality, reduce erosion potential, and mitigate peak flows.
As a general practice quantity control design focuses on controlling peak flow to
predevelopment condition. Quality control design adheres to MOEE guidelines, and as such
provided erosion control and water quality improvement.
Figure 2.5 illustrates the current extent of storm water management controls in the
Headwaters subwatershed. The figure illustrates existing urban areas without stormwater
management measures in place, areas with quantity control only, areas with quality control
only, and areas with both quantity and quality control. The figure also illustrates future
urban areas where both quantity and quality measures will be implemented.
Monora Creek Tributaries
Monora Creek has three main tributaries. Storm water management in Upper Monora Creek
is limited to development at the west end of Monora Park Road in the Town of Mono. The
SWM facilities provide both quantity and quality control.
The Middle Monora Creek is a small tributary that joins Upper Monora Creek upstream of the
Orangeville Reservoir. The creek straddles the boundary between Orangeville and Monora.
Quantity and quality control facilities have been constructed to serve existing development.
One facility is located at the west end of Starlight Crescent in Mono, while the second is
located adjacent to Lisa Marie Drive in Orangeville.
In Lower Monora Creek the initial focus was on three on-line ponds, all illustrated on
Figure 2.5. Cook Pond is an historical agriculture pond that was retrofitted recently as an
offline water quality pond to provide water quality treatment from nearby urban
developments.
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Figure 2.5 Stormwater Management Facilities in the Headwater subwatershed
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Milady and North Credit Estates ponds were built as peak flow control facilities around 1990
as a result of the recommendations of the Proposed Watershed Plan for the West Tributary
of the East Credit River (R.J. Burnside & Associates Ltd., May 1986).
As development has proceeded westerly in the Lower Monora Creek catchment, multiple offline facilities have been constructed to reduce erosion potential and to improve water
quality.
Mill Creek
The drainage area located downstream of C-line was developed prior to 1980 without
provision of storm water management measures. The land use in these catchments are
comprised mainly of industrial and residential land uses. The Mill Creek corridor is narrow
and prone to flooding due to limited conveyance capacity and lack of stormwater
management measures.
As development progressed westerly from C-line in the upper catchments of Mill Creek,
storm water management facilities were constructed to provide both quantity and quality
control.
Eastern Tributaries
Development in the Eastern Tributaries catchment is limited to the western quadrant south
of Island Lake. The urban area includes an older section that was built without stormwater
management and a new section recently constructed with off-line quantity and quality
control facilities.
Caledon Tributaries
Within the Caledon Tributaries there is very limited residential and commercial
development, and no SWM facilities in place.
Credit River
Part of the Town of Orangeville drains directly to the Credit River downstream of Island
Lake. Most of this area was development prior to the need for storm water management,
hence drain uncontrolled to the river. There are two more recent developments south of
Buena Vista Drive and east of Highway 10 that were constructed with off-line storm water
management facilities designed to provide quantity and quality control.
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2.5

Island Lake Dam and Reservoir

The most prominent surface water feature in the Headwaters subwatershed is Island Lake,
created in 1967 to provide low flow augmentation to the upper Credit River downstream of
Orangeville Water Pollution Control Plant (WPCP). Lake outflow represents a significant
portion of the flow in the upper reaches of the Credit River and supports downstream water
quality by providing a consistent flow of water for waste assimilation purposes downstream
of the Orangeville WPCP. Island Lake also supports wetland vegetation, aquatic habitat,
flood mitigation and acts as an important local recreational and aesthetic feature. Potential
impacts on water availability associated with Island Lake include municipal water taking,
land use changes, and climate change.
Table 2.4 presents the annual water balance for Island Lake. As presented. Monora Creek
provides approximately half of the annual inflow to Island Lake. However, based on a series
of flow measurements taken between 2017 and 2020 (CVC, 2020), Monora Creek
represents 75 percent of the baseflow discharging to the lake during dry periods.
Table 2.4 Island Lake Annual Water Balance

Catchment
Area

Annual Water
Balance
Components

Volume

km2

m3/s

mm

mm3

%

Precipitation on Lake
Inflow – Monora Creek
Inflow – other creeks and direct runoff

1.6
11.6
13.3

-0.12

891
326
326

Total

26.5

--

360

1.4
3.8
4.3
9.5

15%
40%
45%
100%

1.6
26.5

-0.27
--

735
321
366

1.2
8.5
9.7

12%
89%
100%

Inflow

Outflow
Evaporation + Groundwater Flux
Lake Discharge
Total

The outflow from Island Lake is regulated by a Permit to Take Water (PTTW) issued by
MECP that stipulates minimum monthly outflows. In 2011 CVC obtained a new PTTW (No.
0412-ACAPBT), which was updated in 2016 and is effective to 2026. The most recent PTTW,
in combination with the treatment system upgrades at the WPCP, requires lower total
annual outflows from Island Lake. The rationale for the lower total annual outflows is that
the water quality analyses completed in support of the WPCP upgrades and expansion
indicated that a lower total annual outflow would maintain overall water quality.
Numerous analyses of Island Lake’s storage volume and potential outflow rates, compared
with the required outflow rates, all indicated that the higher outflows required by earlier
PTTWs were not sustainable during dry years. The most recent analysis of Island Lake
outflows, entitled Island Lake Water Budget Phase II (AquaResource Inc., 2006),
demonstrated that the outflow requirements in the new PTTW could be maintained even
during dry years, although Island Lake levels may drop low enough to negatively impact
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aquatic habitat during the dry years. This need for the modified release rates was confirmed
during the drought of 2016, when lake levels reached minimal levels, yet releases rates
were maintained.
As presented in Table 2.5, the PTTW prescribes minimum average outflow rates for each
month of the year. For each month three different rates are prescribed, depending on the
water level in the reservoir.
Table 2.5 Minimum Island Lake Outflow Rates for the period 2016 to 2026

Minimum Island Lake Outflow Rates (m3/s)

Very Low Lake Level

Normal Lake Level

High Lake Level

January and February

0.09

0.10

0.14

March and April

0.09

0.10

0.10

May

0.15

0.17

0.17

June

0.17

0.19

0.19

July

0.19

0.21

0.21

August

0.17

0.19

0.19

September

0.11

0.12

0.14

October to December

0.09

0.10

0.14

Source: Island Lake PTTW Monitoring Report, May 2018
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2.6

Flood Risk

As illustrated in Figure 2.6, there are four flood damage centres in the subwatershed; three
associated with Mill Creek and the other with Monora Creek. Flood damage centres
represent neighbourhoods at risk of flooding given that they lie with the regulated
floodplain. The regulatory floodplain mapping for Mill Creek and Monora Creek was updated
in 2016 (Environmental Water Resource Group Inc.).
Figure 2.7 illustrates the Mill Creek floodplain, while Figure 2.8, illustrates the Monora Creek
floodplain through Orangeville. Each flood prone structure is labelled Figure 2.7 and Figure
2.8, while a summary is provided in Table 2.6. Although the flood plains extend further
upstream, they are all contained within the valleys and do not encroach upon any
structures.
Table 2.6 Flood Damage Centres in the Headwaters subwatershed

Flood Damage Centre
1. Mill Creek – Townline to Clifford Street

Number of Flood
Vulnerable
Structures
10
+ WPCP

2. Mill Creek – Mill Street to Broadway

8

3.

8

Monora Creek Confluence – First Street

4. Lower Monora Creek (N. Branch) – Hansen Boulevard

4

5. Lower Monora Creek (S. Branch) – Blind Line

2

Note: excludes multiple buildings on same site, garages and sheds

Mill Creek
There are 18 structures in addition to the WPCP, either in or immediately abutting the Mill
Creek floodplain. This total excludes multiple buildings on the same site, garages and sheds.
The structures in the floodplain are generally located along Townline near the outfall to the
Credit River, or on Broadway between Clifford Street and Dawson Road. As illustrated on
Figure 2.7, both the Orangeville Fire Hall and the Orangeville WPCP are located in the Mill
Creek floodplain.
Monora Creek
There are 14 structures (excluding multiple buildings on the same site, garages and sheds)
either in or immediately adjacent to the three branches of Monora Creek. This excludes
structures at risk as a result of southerly overland flooding from Monora Creek. The primary
flood prone area is along 1st Street. Due to the topography and limited capacity of the road
crossings, flow in excess of culvert capacity will pond in the vicinity of the intersection of 1st
Street and Hansen Boulevard, with the spill zone extending southerly beyond 4th Avenue.
Flooding in this area was experienced as recently as June 2017.
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Figure 2.6 Flood Damage Centres within Headwaters subwatershed
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Figure 2.7 Mill Creek Flood Plain and Flood Vulnerable Structures
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Figure 2.8 Monora Creek Flood Plain and Flood Vulnerable Structures
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2.7

Agriculture

The 2016 Census of Agriculture data reports 21 farm business in the Headwaters subwatershed.
These businesses manage 1,226 ha of farmland, or 19.2 percent of the subwatershed (CVC,
2019). Of this, 49 percent of the farmland is owned, while 51 percent is rented from others.
This area has experienced some of the Credit River watershed’s greatest declines in agriculture
over the past two decades. Since 1996, the subwatershed has lost 18 (46 percent) of its farm
businesses and 1,248 ha (50 percent) of their land; largely due to urban development.
The subwatershed is home to four beef farms and five horse farms, with a number of smaller
farms reporting limited numbers of chickens, turkeys, pigs, goats and sheep. Seven of these
farms are practicing rotational grazing to improve soil health and reduce offsite water quality
impacts.
The rolling landscape of the subwatershed leaves farmland susceptible to water erosion if it
is tilled and row cropped. As a result, much of the agricultural lands are used to support hay
crops, although, some corn, soy, wheat, barley and mixed grain production does occur in
the subwatershed. Of the 11 farms planting crops, four of them are utilizing no-till methods
to establish them and three are tilling in a manner the retains most crop residue on the
surface. Conventional tillage is only practiced on 403 hectares of farmland. In addition,
three farms are using winter cover crops in their rotation to improve soil health and protect
it from wind and water erosion, while seven farms are managing windbreaks and
shelterbelts on the farm.
2.8

Terrestrial and Wetland Ecology and the Natural System

As illustrated on Figure 2.9, the Headwaters subwatershed has a relatively even mix of
agricultural, urban, and natural land uses. Figure 2.9 also illustrates the natural system in
the Headwaters subwatershed. The term natural system refers to all natural features and
areas of the subwatershed, including all forests, wetlands, meadows, rivers, streams, lakes
and ponds. This is different from a natural heritage system, which consists of a subset of
features of the natural system and which is described later in this section of the report.
The natural system is not evenly distributed across the subwatershed. The natural system
in the south-eastern and north-western regions of the subwatershed contains large, well
connected natural areas associated with Island Lake Conservation Area and the Credit River
valley surrounded by agricultural lands. The Town of Orangeville’s urban centre is in the
south-central region of the subwatershed. The natural system in this region is restricted to
narrow stream corridors and the natural areas are small, fragmented or isolated. As a
result, there is little opportunity for wildlife habitat and passage through the Mill Creek and
Monora Creek corridors to the large natural areas of Island Lake and the Credit River valley
system.
Forest cover, which includes forests, treed swamps and plantations, is approximately 16
percent in the subwatershed as of March 2020. This is below Environment Canada’s How
Much Habitat Is Enough? (2013) minimum recommended guideline of 30 percent for forest
cover for a watershed. The guideline notes that a watershed with at least 30 percent forest
cover can only support less than half of the potential species richness and marginally
healthy streams. Forests in the subwatershed are dominated by Eastern White Cedar (Thuja
occidentalis), Sugar Maple (Acer saccharum), poplar (Populus sp.) and pine plantations.
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Figure 2.9 Land Classification, including the natural system
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Larger forests are known to support area-sensitive bird species, such as Hairy Woodpecker
(Picoides villosus), Pileated Woodpecker (Dryocopus pileatus), Redbreasted Nuthatch (Sitta
canadensis), Black-throated Green Warbler (Dendroica virens) and Black-and-white Warbler
(Mniotilta varia) (CVC, 2011; CVC, 2012).
Wetlands, including Island Lake, make up 10.3 percent of the subwatershed as of March
2020. This meets Environment Canada’s recommended guideline for wetland coverage at
the subwatershed level. The Headwaters subwatershed contains two large Provincially
Significant Wetlands (the Speersville Wetland Complex and the Orangeville Wetland
Complex). The latter is comprised of large marshes and swamps associated with Island Lake
and the Credit River valley. The wetlands in the Credit River valley are predominantly cattail
and Reed Canary Grass Organic Meadow Marshes, while Island Lake is 165 hectares of
Water Milfoil Submerged Shallow Aquatic Wetland and open water (CVC, 2011; CVC, 2012).
These large wetlands provide habitat for waterfowl, turtles, amphibians and many areasensitive grassland and wetland birds; they also provide habitat for a large number of rare
plant species.
Wetlands in the Headwaters subwatershed contribute significantly to the hydrological
function of the subwatershed through mechanisms such as flood attenuation, water quality
improvement, groundwater recharge, and contributions to baseflow.
Other natural features such as meadows, thickets, and aquatic habitat make up the
remaining natural cover, bringing the total amount of natural cover to 36.3 percent of
subwatershed area (Section 2.1).
The subwatershed also supports natural features and areas that may be consistent with the
definition of Significant Wildlife Habitat (SWH) according to the Provincial Policy Statement
(OMMAH, 2020). Some of these are shown in Figure 2.10.
These candidate significant wildlife habitat features and areas include the following:
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•

Six communities exhibiting old-growth forest characteristics dominated by trees
greater than 100 years of age;

•

Areas of high amphibian diversity and abundance;

•

Island Lake and its adjacent lands have been identified in the Credit River Watershed
Natural Heritage System (CVC, 2015) as a Centre for Biodiversity;

•

Seventeen vegetation communities that contain three or more locally rare flora
species;

•

Two bog communities, which are a regionally rare habitat type;

•

Over 40 large natural areas that provide habitat for area-sensitive species; and,

•

Habitat that supports Species at Risk including two occurrences of national and
provincial species of special concern - the Eastern Milksnake (Lampropeltis
triangulum triangulum) and the Eastern Snapping Turtle (Chelydra serpentina).

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

Figure 2.10 Candidate Significant Wildlife Habitat features in the Headwaters subwatershed
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There are also three Environmentally Sensitive Areas (ESA) — the Melville Marshes ESA, the
Rosehill Swamp ESA, and the Orangeville Reservoir ESA in the Headwater subwatershed
that contain large wetlands, rare flora and vegetation communities, and sizeable amounts of
natural habitat.
2.9

Aquatic Ecology

Based on sampling conducted in 1954 and 1965, the majority of the streams and rivers
within the Headwaters subwatershed would have supported resident coldwater communities
containing self-sustaining populations of brook trout (Salvelinus fontinalis). Intermittent
headwater streams may have been fishless. Post-European settlement, there have been
many changes due to anthropogenic activities, including urbanization, illegal fish transfers
and the creation of Island Lake, which have influenced fish communities within the
subwatershed. Brook trout streams are still found throughout the subwatershed but dams
and impacts from urbanization have fragmented the streams and divided the remaining
brook trout into separate sub-populations.
Figure 2.11 illustrates the distribution of existing fish communities in the subwatershed.
Brook trout communities are found in permanently flowing streams and contain only brook
trout or a few additional species. Headwater tributary fish communities contain tolerant,
warmwater species such as brook stickleback (Culaea inconstans) and tathead minnow
(Pimephales promelas) and usually dry up annually. Wetland communities are mostly found
in permanently but slow flowing streams and contain species such as northern redbelly dace
(Chrosomus eos), central mudminnow (Umbra limi), or Iowa darter (Etheostoma exile).
Small warmwater streams may be intermittent or permanent and contain a mix of species
such as white sucker (Catostomus commersonii), western blacknose dace (Rhinichthys
obtusus) and creek chub (Semotilus atromaculatus). The following text summarizes key
attributes for the main tributaries in the subwatershed.
Monora Creek
Monora Creek continues to provide coldwater habitat which supports fair to good
populations of brook trout throughout most of its reaches, even though the aquatic ecology
of this area has generally declined as urbanization has continued. This area of the
subwatershed benefits from high groundwater inputs as well as public awareness of its
aquatic resource value. In addition, there have been significant monitoring and restoration
efforts in partnership with the Town of Orangeville within this watercourse.
Mill Creek
One coldwater reach remains in Mill Creek along Broadway between Mono-Amaranth
Townline and Blind Line, and recent observations indicate that there are few brook trout
remaining. Historical areas of coldwater habitat in the watercourse from Broadway to the
confluence with the Credit River have been lost due to the impacts of urbanization. The
reach downstream to the confluence has now been classified as a wetland fish community.
The trend in the health of the fish community has been variable, but in general is in poor
health.
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Figure 2.11 Existing Fish Community Classification
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Island Lake
Island Lake is classified ecologically as a wetland although it is commonly referred to as a
lake. It supports warmwater fish species. The lake provides a very productive fishery
dominated by largemouth bass (Micropterus salmoides) and northern pike (Esox lucius),
which were introduced legally and illegally, respectively, as top predators after the creation
of the reservoir. Other species include pumpkinseed (Lepomis gibbosus) and bluegill
(Lepomis macrochirus), yellow perch (Perca flavescens), black crappie (Pomoxis
nigromaculatus), rock bass (Ambloplites rupestris) and brown bullhead (Ameiurus
nebulosus). The warmwater discharge and wetland characteristics below Island Lake
continue downstream to beyond the south crossing of Highway 10. Island Lake continues to
have a high potential for invasive species introductions, as exemplified by introductions of
black crappie and rock bass and more recently, common carp (Cyprinus carpio) and bluegill.
The fish community is not monitored for status and trends as the tributaries are, but
anecdotal observations over time do not suggest any major changes, except for the
unauthorized introduction of new species. During the summer and winter months, low
dissolved oxygen conditions occur within the deepest basin in the reservoir. Winterkill,
which is the death of fish under the ice due to low oxygen levels, does occur periodically as
well.
Eastern Tributaries
The Eastern Tributaries of Island Lake contain a mix of fish communities including
coldwater, wetland dependent and headwater fish communities. Brook trout in Eastern
Tributary 2a are isolated permanently from downstream populations by Island Lake. They
are also isolated from Monora Creek during the summer because the warm summer waters
of the lake act as a thermal barrier. Monitoring data from the eastern tributaries indicates
fair to poor stream health. Recent impacts from land use changes (rural to urban) and
future development threaten the coldwater fish communities within these tributaries.
Caledon Tributaries
The Caledon Tributaries discharge to the Credit River east of Highway 10 north of Highpoint
Sideroad and provide mostly resident coldwater habitat for brook trout. In addition, the
lower sections of these watercourses also afford refuge, spawning and nursery habitat for
the Credit River brook trout population. The upper reaches of these tributaries are
intermittent or associated with wetlands that support headwater or wetland dependent
species.
Credit River
From Island Lake downstream to the middle Highway 10 crossing, the fish community is
considered wetland dependent and its health has been variable, ranging from poor to good.
Coldwater fisheries have been impacted periodically due to chlorinated effluent from the
Orangeville WPCP (which is now being dechlorinated), warming water due to the Island Lake
dam, and natural limitations of the wetland marshes. Other influences from urbanization
and water taking may also cumulatively impact this reach.
The middle reach of the Credit River, east of Highway No. 10 where the Caledon Tributaries
discharge to the river, benefits from aerating riffles and coldwater inputs, and supports a
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brook trout community. Monitoring data rates the community in excellent health in most
years. This population is isolated from Monora Creek by the Island Lake dam. It had been
isolated from downstream populations by the Melville Dam for many decades, however the
dam failed in 2017 and the populations may now be able to reconnect.
In the lower reaches of the Credit River, southwest of the southern crossing of Highway 10
to the remnant Melville dam, the fishery is described as being wetland dependent. This
reflects the low gradient and remnant backwaters of the Melville Dam that failed in 2017.
The fish community may adjust over time as the reach evolves and stabilizes. Sampling just
below the dam has been variable over time with older samples in the early 2000s rated as
good but have since been dominated by poor health.
2.10

Water Quality

Water quality is defined as the combined chemical, physical and microbiological properties
of the water in relationship to habitat for aquatic biota and recreational use for humans.
Through the work on the Water Quality Strategy Phase I Report (CVC et al., 2003), specific
water quality Parameters of Concern (POCs) have been identified on a watershed scale for
the Credit River watershed. The parameters chosen for focused monitoring and analyses
were those identified both in the Water Quality Strategy and in the Headwaters
Subwatershed Study Background Report (CVC, 2006) to characterize water quality in this
subwatershed. These included total phosphorus, nitrate, chloride, suspended solids, six
metals (Cu, Fe, Mn, Al, Ni, and Zn), E. coli, DO, BOD, and water temperature. Table 2.7
presents the Headwaters subwatershed POCs with a discussion of the cause of the concern,
local sources and appropriate guidelines.
Table 2.7 Water Quality Parameters of Concern, Objectives, and Sources
Type

Parameters
Total
Phosphorus
(TP)

Nutrients

Oxygen
Related

-

CCME – 3.0 mg/L
(CCME, 2012)

-

Un-ionized
Ammonia

PWQO – 20 μg/L
(MOEE, 1994)

-

PWQO – 5.0 mg/L
(MOEE, 1994)

-

Dissolved
Oxygen (DO)
Biochemical
Oxygen
Demand
(BOD)

Copper
Iron
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PWQO – 0.03
mg/L
(MOEE, 1994)

Concerns

NitrateNitrogen

Aluminum
Metals

Objective

-

TP and Nitrate can cause excessive
aquatic plant growth leading to
oxygen depletion.
Nitrate and particularly nitrite and
ammonia, can be toxic to aquatic
biota.
Ammonia can exert oxygen demand
similar to BOD (see below)
Low DO levels can be harmful for fish
and other aquatic biota
High BOD levels can deplete DO
levels

N/A
PWQO – 75 μg/L
(MOEE, 1994)
PWQO – 5 μg/L
(MOEE, 1994)

-

Directly toxic to aquatic biota at high
concentrations
Some metals such as iron and
aluminum are found naturally
adsorbed to clay soils

PWQO – 300 μg/L
(MOEE, 1994)
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Sources
Urban, Rural and
Agricultural Runoff,
Water Pollution
Control Plant
Effluent, Erosion of
banks and bed
Urban, Rural and
Agricultural Runoff,
Water Pollution
Control Plan
(WPCP) Effluent
Urban Runoff,
WPCP Effluent,
Natural
Groundwater
(Mineralization)
inputs

Type

Parameters
Zinc

Objective

Concerns

Sources

PWQO – 20 μg/L
(MOEE, 1994)
-

Suspended
Solids (SS)

Physical
Water
Temperature
(WT)

Microbiological

Other

CCME – 25 mg/L
(CCME, 1999)

Absolute
Maximum
Summer Water
Temperature
26 C (coldwater)
28 C (mixed
water)
30 C (warmwater)
Coker et. al 2001

E. coli

100 CFU/100mL
(MOEE, 1994)

Chloride

Chronic: 120
mg/L
Acute: 670 mg/L
(CCME, 2011)

Suspended solids can clog spawning
areas
Metals, bacteria and TP are readily
adsorbed on SS
High SS can make recreational uses
of water more dangerous (clarity of
water decreases)
Increases in
Daily Maximum
summer WT can
Summer Average
be harmful to fish
Water Temperature
due to increases in
their metabolism
20C (coldwater)
and lowered
23 C (mixed water)
capacity of the
26 C (warmwater)
water to hold DO
Coker et. al 2001
High E. coli levels are indicative of the
presence of pathogenic bacteria which can
cause respiration and gastrointestinal
illnesses in humans
High levels may be toxic to aquatic biota
Chloride is a conservative parameter
allowing tracking of changes in the
surface and groundwater

Urban, Rural and
Agricultural Runoff,
WPCP Effluent, Bed
and bank erosion
Urban runoff,
stormwater ponds,
aggregate activity,
online ponds,
changes to
baseflow and water
balance

Urban and
Agricultural Runoff
WPCP Effluent
Road Salting
WPCP Effluent
Septic
Systems/Water
Softeners

Monitoring and Data Analysis Methodology
Water quality monitoring provides the objective evidence necessary to make sound
decisions on managing water quality today and in the future. Several methodologies were
used to monitor water quality to characterize conditions in the Headwaters subwatershed.
1. Long-term water quality monitoring: Monitoring data from the Provincial Water Quality
Monitoring Network (PWQMN) and Integrated Watershed Monitoring (IWMP) stations
dates back to the late 1960 for some parameters. These stations are located at solely
along the Main Credit as illustrated in Figure 2.12.
2. Local short term 2006 field water quality monitoring: The Headwaters Subwatershed
Background Report highlighted spatial gap in the long-term surface water quality
monitoring in the tributaries of Mill and Monora Creeks. Therefore, additional water
quality data were collected across the subwatershed during the 2006 field season to
provide a broader characterization of water quality across the subwatershed. Four
additional stations were sampled once a month from June to October for all POCs
(Figure 2.12).
3. Local sediment chemistry data assessment: Sediment chemistry was sampled at nine
stations in 2006 and 2007 (Figure 2.12) to characterize the habitat for benthic
invertebrates and other aquatic life for look for potential bioaccumulation of specific
contaminants such as metals, hydrocarbons, and pesticides.
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Figure 2.12 Water Chemistry and Benthic Invertebrate Monitoring Locations
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4. Water temperature logger deployment and assessment: Water temperature is one of the
most critical water quality parameters for the health of fisheries and can determine what
species of fish can survive and thrive in a watercourse. Higher water temperatures are
also associated with lower dissolved oxygen concentrations. Continuous monitoring of
water temperature took place in the 2006 field season with sondes and temperature
logger deployment. As illustrated on Figure 2.13, seventeen sites throughout the
subwatershed had water temperature loggers that recorded temperature every halfhour.
Except for water temperature, the guidelines listed in Table 2.7 are all based on long-term
conditions and chronic toxicity values. Typically, the results of surface water quality
measurements are highly variable and therefore many measurements are needed before
background conditions can be determined. Therefore, the purpose of statistical analysis is to
look at composite sets of data to determine background water quality conditions to compare
to the chronic exposure guidelines.
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Figure 2.13 Water Temperature Monitoring Locations
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Water Quality Index Results
The CCME Water Quality Index (CCME, 2001) is a standard method used throughout Canada
to mathematically summarize complex arrays of multivariate water quality data into simple
water quality descriptors that facilitates easy communication of the water’s status to general
audiences. All POCs (except for water temperature) were included into the Index along with
their appropriate guidelines. This index was used to characterize the water quality
conditions in the subwatershed catchments of Monera Creek, Island Lake, Mill Creek and
Main Credit River.
•

Monora Creek has an almost equal mix of agricultural and natural land cover with some
urban residential development. The Water Quality Index indicated generally good water
quality conditions, although high concentrations of E. coli bacteria were found, possibly
due to agricultural and urban runoff.

•

Mill Creek has a relatively high ratio of urban land cover at 50 percent. Results of the
Water Quality Index ranks Mill Creek as having marginal water quality. Elevated
chloride, metal and E. coli bacteria concentrations were found to consistently exceed
their respected water quality guidelines. These contaminants are indicative of urban
runoff due to minimal stormwater management in this catchment.

•

Island Lake - Long term monitoring of the water quality in Island Lake was measured at
the outlet of Island Lake. As illustrated on Figure 2.14 (Credit River at Orangeville
Dam), the Water Quality Index indicated very good water quality conditions as it almost
achieved an excellent ranking. A good water quality ranking indicates water quality is
protected with only a minor degree of threat or impairment; conditions rarely depart
from natural levels (CCME, 2001). Water quality at the Island lake Dam station is
among the best in terms of water quality across the entire Credit River watershed
(CVC, 2016).

•

Main Credit - As illustrated on Figure 2.14, the Credit River as measured at four
stations between the confluence of Mill Creek to Melville Dam, is characterized as
having fair and marginal water quality ranking. This ranking indicates that water quality
is frequently threatened or impaired; conditions often depart from natural or desirable
levels (CCME, 2001). This is likely to the influence of highways, urban runoff, and
wastewater treatment effluent discharges.
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Figure 2.14 Water Quality Index results with standard deviations for long term stations on the main
Credit River for the period of 1996-2006.

Interpretation of Long-Term Data
A detailed statistical analysis was completed on the five long-term Provincial Water Quality
Monitoring Network (PWQMN) stations on the main Credit River which allowed for the
determination of annual statistics, seasonal means, trend analysis, correlation with related
water quality parameters and guideline exceedance frequencies. Detailed monitoring
methodologies and statistical analysis outcomes on individual parameter of concern can be
found in the Headwaters Phase 1 Characterization Report (CVC, 2009). For the purpose of
this Phase 3 study, the focus is on parameters phosphorus and chloride as they have
specific water management implications through ongoing permit and policies such as the
Island Lake PTTW, Orangeville WWTP ECA and Source water protection policies.
The assessment of the long-term water quality data indicates that the Credit River is a
Policy 2 watercourse in terms of Total Phosphorus downstream of the Orangeville WPCP
(CVC, 2009, XCG 2009). A watercourse is considered to be Policy 2 if the 75th percentile
value of the long-term dataset, which represents a long-term exposure for aquatic life, is
above the Provincial Water Quality Objective. The non-parametric statistical test for the
differences between the medians demonstrated that the station downstream of the
Orangeville WPCP at the north Crossing of Hwy 10 had significantly higher phosphorus
concentration when compared to the upstream station at the Orangeville Dam (CVC, 2009).
The results of these analyses are shown in portrayed in Figure 2.15. This graph illustrates
that the point-source of the WPCP as the main contributor to elevated phosphorus
concentrations although stormwater runoff from Mill Creek also contributes to the total
loadings to the upper Credit River.
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WPCP outfall

Figure 2.15 Box Plot of Total Phosphorus concentrations at long term water chemistry stations on
the Main Credit River (1996-2006)

Across Ontario, a notable decrease in total phosphorus concentrations has been
documented (Stammler et al, 2017). It is generally accepted that the introduction of
phosphorus-free detergents and significant improvements in phosphorus treatment at
WPCPs has resulted in a decrease in phosphorus concentrations. Recent trend analysis
based on 1980- 2016 data (CVC, in progress) found a significant decreasing trend in total
phosphorus, total suspended solids and ortho-phosphorus (Figure 2.16) downstream of the
Orangeville WPCP indicating wastewater treatment process improvements.
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Figure 2.16 Significant decreasing trend results for Orthophosphorus for the Credit River at the North
Crossing of Hwy 10 and downstream of the Orangeville WWTP (CVC, in progress)

An additional factor that may be contributing to the overall phosphorus decline is the
conversion of agricultural land to impervious urbanized surfaces (Rainey & Eimers, 2014).
This study documented comparable trends across Ontario whereby total phosphorus is
decreasing and chloride levels are increasing across the watershed. This identical trend is
occurring in the Headwater subwatershed with chlorides significantly increasing in the upper
main Credit River, where the most significant increases have been documented at Credit
River at Highway 10 South and Credit River at Melville Dam (CVC, in progress). Figure 2.17
illustrates the increasing trend in both summer and winter chloride concentrations as
compared to the population growth in the subwatershed from 1964-2016.
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Figure 2.17 Annual median chloride concentration for Credit River at Highway 10 North Crossing
(located south of Orangeville) as compared to population growth in Headwaters
subwatershed

Instream total phosphorus, orthophosphorus and chloride continue to be monitored in as
part of environmental compliance conditions for the WPCP ECA to track ongoing water
trends.
Water Temperature
The water temperature regime is relatively healthy within the subwatershed, with the
coolest water temperatures occurring in the upper portion of the subwatershed and in the
groundwater fed tributaries. The stream temperatures measured near the outlet to Island
Lake resulted in a maximum stream temperature of 20°C, which suggests groundwater
discharge conditions. Temperatures of 22°C or less occurred in the Lower North and Lower
South Monora Creeks, the Eastern Tributary 2B, and South and Middle Caledon Tributaries.
The warmest water temperatures were observed to be in the lower main branch of
Headwaters and the tributary that drained a wetland. Absolute maximum summer
temperatures recorded in the 2006 field season are illustrated in Figure 2.13.
Sediment Chemistry
Sediment chemistry as sampled to characterize the habitat for benthic invertebrates and
other aquatic life for look for potential bioaccumulation of specific contaminants such as
metals, hydrocarbons and pesticides. Results were generally indicative of a healthy aquatic
environment with minimal point source impacts. There was no indication of contaminant
accumulation in the sediment accords the subwatershed. More information on the full
results for specific sediment chemistry parameters can be found in the Headwaters Phase 1
Characterization Report (CVC, 2009).
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Benthic Macroinvertebrates
Benthic macroinvertebrates (insects, worms, crustaceans and other related organisms that
live on a stream bottom) were sampled at nine stations in the Headwaters subwatershed
(Figure 2.11). All methodology and detailed results are summarized in the Headwaters
Phase 1 Characterization Report (CVC, 2009). Because they live continuously in streams
and have varying tolerances to water pollution, benthic macroinvertebrates are commonly
used as indicators of water quality. Benthic communities in the Headwaters indicate areas of
possibly impaired water quality conditions and areas of unimpaired water quality conditions.
Most locations within the subwatershed show high taxa richness and diversity, although
some communities are dominated by more tolerant forms, including Oligochaetes (worms)
and Chironomids (midge flies), which is not unexpected in the low gradient and wetland
reaches.
The benthic macroinvertebrate communities along the Main Credit River generally indicate
unimpaired conditions. The exception to this is the station at the top end of the Orangeville
Marsh and immediately downstream of the WPCP, where species are more pollution tolerant
compared to other Credit River sites in the subwatershed. Within the Orangeville Marsh
there is a very high proportion of Chironomids and nearly absent sensitive taxa
Ephemeroptera, Plecoptera, Trichoptera (EPT) or mayflies, stoneflies and caddisflies. As this
reach is within a wetland habitat it contains low gradient and fine substrate habitat which is
a constraint for these sensitive species. There are also water quality constraints at this site
as it is located directly downstream of the WPCP; nutrient and chloride concentrations were
measured consistently higher than their respective guidelines. Approximately three
kilometres further downstream on the Credit River at the south crossing of Highway 10, the
benthic community shifts to one of higher diversity, including EPT taxa as water quality and
substrate conditions improve to support the sensitive species.
The macroinvertebrate community in the lower branch of Monora Creek upstream of First
Street is dominated by pollution-tolerant taxa, with very few of the more sensitive forms, as
indicated by the EPT index suggesting poorer water quality and habitat. Both locations
sampled on Mill Creek had a low EPT index and high proportions of Chironomids and
Oligochaetes suggesting water quality impairment and lack of suitable habitat (i.e., low
gradient, fine substrate) to support EPT taxa.
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3.0

Future Challenges and Evaluation of Alternative Management
Strategies

The Headwaters subwatershed will experience changes in land use over the next ten to
twenty years. As presented in Section 2.1, planned growth as defined in the Official Plans of
the Headwaters subwatershed communities will increase urban land use from 29.4 percent
of the subwatershed area to 36.3 percent.
Combined with general population growth and intensification, a planned increase in future
groundwater taking of 13,360 m3/day was considered for future conditions (Headwater
Subwatershed, Phase 2, Groundwater Modelling Appendix (AquaResource Inc, October
2009)). This compares to an existing rate of 9,845 m3 (2020).
Identifying and mitigating the combined impact of urban growth and increased water taking
represents the fundamental challenge for the Headwaters subwatershed. This is because the
combined stress of increased urbanization and water taking can have a cascade effect on
the natural features and municipal infrastructure in the watershed. Potential impacts
include:
•
•
•
•
•

Risk of impaired surface water and groundwater quality due to increased urban
runoff,
Increased water taking and reduced infiltration resulting in a reduction in stream
baseflow and water supply to Island Lake and impacts to local fishery,
Increased flooding due to elevated runoff, particularly during intense rainfall events,
Further fragmentation of the natural heritage features and corridors, and
Reduced natural cover in wellhead protection zones.

To predict with better certainty and mitigate and adapt to known threats, an impact
assessment was completed to evaluate the influence of future land use changes and the
potential benefit of alternative management scenarios. The management scenarios varied
based on different approaches to land use, stormwater management, and natural heritage
features. Details are provided in the Phase 2 Impact Assessment Report with key
information included in the following sections.
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3.1

Alternative Management Scenarios

In consultation with the Steering Committee, five alternative management scenarios were
selected, where each considered land use, stormwater management, and the Natural
Heritage System (NHS). The scenarios are listed as follows and summarized in Table 3.1:
•

Scenario 1 (Base Case) - includes existing land use, existing storm water
management policies, and existing natural heritage policies.

•

Scenario 2- Business as usual where storm water management would continue to
focus on end-of-pipe facilities designed to improve water quality, reduce erosion
potential and flood risk. Existing natural heritage policies apply.

•

Scenario 3a - In addition to the business as usual requirements, include Low Impact
Development (LID) practices in new development areas where they are designed to
maintain existing infiltration rates and maximize at-source treatment. Apply LID
measures to 50 percent of existing urban areas. Existing natural heritage policies
apply.

•

Scenario 3b - In addition to the business as usual requirements, include Low Impact
Development (LID) practices in new development areas where they are designed to
maintain existing infiltration rates and maximize at-source treatment. Existing
natural heritage system and policies apply.

•

Scenario 4 – Comparable to Scenario 3a but also includes an enhanced NHS where
the focus is on strategically enhancing the NHS through restoration and improved
linkages.

Table 3.1 Alternative stormwater and natural heritage management scenarios evaluated in Phase 2
(CVC, 2010).

#

Land Use

Stormwater Management

Natural Heritage
System

1

Existing
Conditions

Business as Usual

Existing Policies and
Practices (2007)

2

OPs and
Places to Grow

Business as Usual

Existing Policies and
Practices (2007)

3a

OPs and
Places to Grow

LID in new development and
retrofitting of existing development

Existing Policies and
Practices (2007)

3b

OPs and
Places to Grow

LID in new development and no
change in existing development

Existing Policies and
Practices (2007)

4

OPs and
Places to Grow

LID in new development and
retrofitting of existing development

Enhanced

For all scenarios except Scenario 1 (Base Case), the Provincial Growth Plan for the Greater
Golden Horseshoe (Places to Grow, 2005) coupled with the municipal Official Plans, were
used as the basis for future land use.
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For all scenarios except Scenario 4 natural heritage system policies reflect a system
composed of existing policies and practices with minor hypothetical changes in scenarios 2,
3a and 3b. The enhanced NHS applicable to Scenario 4 incorporates the NHS defined under
existing policies and practices, but also includes additional lands based on generally
accepted ecological concepts that are commonly applied to NHS planning. These concepts
include improving the form and function of the system to more closely approach
subwatershed cover targets through the strategic addition of supporting successional
habitat, improvement of feature areas and shapes, and the creation of more robust
valleyland linkages.
3.2

Impact Assessment Methodology

Section 1.5 of this Phase 3 report listed the 12 objectives of this subwatershed study. A
subset of nine objectives were then selected for evaluating the various scenarios. The
subset, listed as follows, was selected as they represent the more quantifiable objectives
that can be evaluated through modelling and analyses. Furthermore, Objectives 1 to 3
speak to beneficial actions that are equally applicable to all alternatives. The objectives are
a subset of the 18 objectives established for the Credit River watershed through the Credit
River Watershed Management Study Update (CRWMSU, CVC 2007).
Appendix A provides additional details regarding indicators and targets that were then used
to measure and compare the performance of each management scenario.
Subwatershed study Objectives used for Evaluating Alternative Scenarios
4. Preserve and re-establish the natural hydrologic cycle. (CRWMSU #4)
5. Maintain, enhance, or restore natural stream processes to achieve a balance of flow
and sediment transport. (CRWMSU #5)
6. Manage streamflow to reduce erosion impacts on habitats and property. (CRWMSU #6)
7. Minimize risk to human life and property due to flooding. (CRWMSU #7)
8. Maintain groundwater levels and baseflows (groundwater discharge to streams) to
sustain watershed functions, human uses, and climate change. (CRWMSU #8)
9. Maintain or enhance water and sediment quality to achieve ecological integrity.
(CRWMSU #9)
10. Protect drinking water sources (CRWMSU #10)
11. Protect, restore, or enhance the integrity of the watershed ecosystem through an
integrated network of natural areas, habitats, and connecting links. (CRWMSU #15)
12. Protect, restore, or enhance native terrestrial and aquatic plant and animal species,
community diversity, and productivity. (CRWMSU #16)
Once the alternative scenarios were defined, a series of modelling analyses were completed
to determine the environmental response of the Headwaters subwatershed to each of the
five alternative scenarios to determine whether the scenarios degrade, maintain or enhance
existing conditions by scoring the environmental response of each against the targets
associated with the nine environmental objectives listed above for the Headwaters
subwatershed.
As a final step the results of the evaluation analysis was combined in a common scoring
system leading to overall conclusions regarding the merits of each management scenario.
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3.3

Analysis

The Technical Committee of the Headwaters Subwatershed Study used hydrologic
modelling, hydrogeologic modelling, GIS assessment of land use and various other
quantitative/semi-quantitative analyses to determine the environmental response of the five
alternative scenarios to indicators specific to six components of the watershed, including:
•
•
•

water quality,
groundwater,
erosion potential,

•
•
•

flood potential,
fish habitat, and
natural heritage

The following sections summarize the impact of each management scenario on these
components.
3.3.1 Water Quality
The model Hydrologic Simulation Program Fortran (HSPF) was used to simulate the
hydrologic regime and water quality (Streamflow and Water Quality Model Setup and
Scenario Modelling in the Headwaters Subwatershed (EBNFLO Environmental, November
2009)). The hydrologic regime included both groundwater and surface water quality
parameters of total suspended solids, total phosphorus, nitrate, copper, zinc, E coli bacteria,
chloride and water temperature. The HSPF model was first calibrated against existing
monitoring data to establish current conditions and then applied to each of the alternative
management scenarios.
Table 3.2 summarizes the results of streamflow and water quality simulations for all
scenarios at the five assessment zone sites. In this table semi-quantitative indicators are
provided that reflect consistent change (+ or -), very significant change (+++ or - - -),
mixed results (+/-) or no significant change from the base case and the direction of change
(ns). A positive indicator means that conditions improved. For streamflow a modest change
would be flagged when relative average streamflow volume and peak flow changes are less
than 10-15 percent. Modest water temperature change is indicated when average summer
temperatures change less than 1°C. Modest water quality change is indicated when relative
changes in annual loadings are less than 80 percent.
Table 3.2 General Patterns and Trends Observed in Scenario Simulation Results at Five Assessment
Zone Sites
Credit
Monora
Mill
Eastern
Caledon
Scenarios
Parameter
River at
1
2
Creek
Creek
Tributaries
Tributaries
Melville
2 PTG – BAU

3a LID+Retro
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Streamflow
Water Temperature
TSS
Total Phosphorus
Nitrates
Copper
Zinc
Chloride
E. Coli
Streamflow
Water Temperature
TSS
Total Phosphorus

--+/----+/+++
+++
+++

--------ns
+++
+++
+++

+/ns
ns
----+/ns
+++
+

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

ns
ns
------ns
ns
+
+

+/ns
+
--+/ns
+++
+++

Scenarios

3b LID

4 LID+Retro+
enhanced NHS

1
2

Parameter

Monora
Creek

Mill
Creek

Eastern
Tributaries1

Caledon
Tributaries2

Nitrates
Copper
Zinc
Chloride
E. Coli
Streamflow
Water Temperature
TSS
Total Phosphorus
Nitrates
Copper
Zinc
Chloride
E. Coli

+/+++
+++
+++
+
+++
+
+
+
+++

+
+++
+++
+/+++
+
+++
+++
+
+++
+++
+/+++

+/ns
+
+++
+/ns
+
+
ns
ns
+++

+
+
+++
ns
ns
+
+
+
ns
ns
+++

Credit
River at
Melville
+/+
+
+/+++
+/ns
+++
+
+
+
+/+++

+/-

+

+/-

+

+

+++
+++
+++
+++
+++
+++

+++
+++
+++
+
+++
+++
+/+++

+
+++
+
+
+
+++

ns
+
+
+
+
ns
+

+
+++
+++
+
+
+/+++

Streamflow
Water Temperature
TSS
Total Phosphorus
Nitrates
Copper
Zinc
Chloride
E. Coli

Measured at outlet from Island Lake
Includes the sum of reaches 27, 29 and 31

Figure 3.1 compares the concentration of the various water quality parameters for each of
the management scenarios for Monora Creek. The Phase 2 report provides additional data
across the subwatershed; however, given that the majority of new development will occur
in the Monora Creek catchment, it provides the best indication of the consequence of the
various management scenarios in terms of the overall flow regime and water quality.
Although there is some variability between the various parameters, over all the results
indicate that Scenario 2 with growth and no new mitigation measures, will result in a slight
deterioration in water quality in comparison to Scenario 1 (existing conditions), while
Scenario 3b is generally equal to existing conditions. Both Scenario 3a and Scenario 4,
which include LID retrofits in existing developed areas, demonstrate a significant
improvement in water quality.
The noted exception to the above is chloride concentrations in Monora Creek which increase
for Scenario 3a and Scenario 4. These scenarios emphasise enhanced stormwater infiltration
through LIDs. The model results indicate that there is greater groundwater recharge
/discharge which is resulting in the migration of added chloride from its source to the creek.
Figure 3.1 also compares water quality for the various parameters to the Provincial Water
Quality Objectives (PWQO). As illustrated for Scenario 3a and Scenario 4, total phosphorus,
copper, zinc and E coli concentrations all drop significantly below the PWQO values.
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Figure 3.1 Water Quality Modelling results for Monora Creek, all scenarios
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3.3.2

Groundwater

The purpose of the groundwater modelling exercise was to estimate the impact of future
land development scenarios on the groundwater system. The groundwater modelling built
on technical work complete as part of the Tier Three Water Budget and Local Risk
Assessment Pilot Project for the Towns of Orangeville and Mono (AquaResource, 2011).
Each of the management scenarios was applied to the model to generate an estimate of
changes in both groundwater recharge and groundwater discharge.
An increase in in recharge, discharge, and the water table equates to greater groundwater
availability to support municipal supply and baseflow, particularly during the driest periods.
A decrease in recharge reflects a decrease in the fraction of precipitation that is contributing
to the groundwater regime, while a decrease in discharge indicates a reduction in baseflow
in the receiving watercourses. The results presented in Table 3.3 indicate that:
•

Under Scenario 2 (growth and business as usual) there will be a decrease in recharge,
discharge and average water table elevation in the Monora Creek and Mill Creek
catchments and in the subwatershed as a whole. For example, annual groundwater
recharge in the Monora Creek catchment will decrease from 259 mm/year to 239
mm/year, representing a decrease of eight percent.

•

Scenario 3b (LID in new development areas only) will improve conditions in the
Monora Creek and Mill Creek catchments but will generally maintain existing conditions
across the entire subwatershed. For example, groundwater recharge in the Monora
Creek catchment will increase from 259 mm/year to 274 mm/year, representing an
increase of six percent.

•

Both Scenario 3a and Scenario 4 will result in a significant improvement, particular
with groundwater recharge and the average water table. For example, groundwater
recharge in the Monora Creek catchment will increase from 259 mm/year to 304
mm/year, representing an increase of 17 percent.

Table 3.3 Annual Groundwater Recharge and Discharge Rates by Management Scenario
Indicator

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

Groundwater Recharge (mm/yr)
Monora Creek
259
Mill Creek
217
Total Subwatershed
228

239
167
225

304
329
275

261
225

297
324
275

Groundwater Discharge (L/s)
Monora Creek
77
Mill Creek
35
Total Subwatershed
257

71
25
255

95
57
270

81
45
257

93
55
269

453.3
462.8
418.0

454.5
466.6
419.3

454.1
464.6
418.1

454.4
466.6
419.3

Average Water Table Elevation (m)
Monora Creek
453.8
Mill Creek
463.9
Total Subwatershed
418.2
Positive
Similar
Negative
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Although not explicitly quantified in the evaluation of alternatives, the completed analysis
reinforced the importance of maintain baseflow in Monora Creek, recognizing that it is a key
source of water supporting Island Lake. The Tier 3 Assessment Report estimated that due to
increased municipal water taking the baseflow in Monora Creek would decrease by 8 L/s.
This reduction corresponds to a 7 percent annual change (from 120 L/s to 112 L/s) in the
average Monora Creek discharge to Island Lake (see Table 2.5). Moreover, during low flow
conditions field measurements completed by CVC between 2017 and 2020 indicate that the
Monora Creek share of total inflow to the lake equals 75 percent of the total inflow.
Following from the above, a reduction in flow in Monora Creek, particularly during dry
periods, could increase the stress of low lake levels on aquatic habitat and wetland
vegetation and increase the risk that Island Lake could not maintain 100 per cent of the
required PTTW outflows during a very dry year.
3.3.3 Erosion Potential
Erosion potential assessment was undertaken to evaluate how each management scenario
would impact natural stream processes including sediment transport. Using the HSPF
hydrologic model the focus was on two specific indicators. As initially presented in
Section 2.0, two indictors were used to evaluate the management scenarios:
•

Indicator 1 – Bankfull Flow Ratio: This indicator quantifies the ratio of future bankfull
flow to historic bankfull flow. For watercourses that are stable the objective is to
maintain or reduce the ratio, whereas for reaches which have already been destabilized
the objective is to reduce the ratio as much as is practical.

•

Indicator 2 – Erosion Threshold Exceedance Duration: This indicator quantifies the
fraction of the future flow volume that will occurs above the erosion threshold. For
watercourses that are stable the objective is to maintain or reduce the fraction
exceeding the erosion threshold, whereas for reaches which have already been
destabilized the objective is to reduce the ratio as much as is practical.

Table 3.4 provides a summary of the impact of each management scenario on Indicator 1. A
negative rating signifies that there will be an increase in the ratio of future bank flow to
historic bank flow, meaning that erosion potential will increase. Indicator 2 was dropped
from the analysis as it provided inconsistent results which were difficult to accurately
interpret. For more information regarding results for Indicator 2 refer to Appendix D of the
Phase 2 report.
Scenario 2 (Business as Usual) will result in an increase in erosion potential for Mill Creek,
Monora Creek and the Credit River. The increase reflects the fact that runoff volume is
increasing in these catchments, and the proposed storm water management measures are
not adequate to mitigate the impact. There is no change for the Eastern and Caledon
Tributaries, reflecting that very little development is proposed in these areas.
Scenario 3a and Scenario 4 will result in a decrease in erosion potential for Mill Creek and
Monora Creek. The decrease reflects that runoff volume will decrease due to infiltration
associated with LID measures proposed for both new and existing development aeras. There
is no measurable change in the other catchment areas due to the limited anticipated
development.
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Scenario 3b is an improvement on Scenario 2 but it is not as effective as Scenario 3a and
Scenario 4. An increase in erosion potential is anticipated for Monora Creek.

Table 3.4 Summary of the impact of management scenarios on Geomorphic indicators

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

Indicator 1 – Bankfull Flow Ratio (future: historic)
Monora Creek
Mill Creek
Eastern
Tributaries
Caledon
Tributaries

+

-

+

-

+
+

-

Credit River
Positive
Similar
Negative

-

Note: For detailed analysis refer to Appendix D (Stream Processes and Erosion
Potential) of the Phase 2, Impact Assessment and Evaluation of Alternative
Management Strategies (CVC, January 2010)

3.3.4 Flood Potential
For each of the management scenarios the HSPF model was used to estimate peak flows
generated by the Regulatory Storm (Hurricane Hazel) and design storms with return periods
from 2 years to 100 years. The number of buildings in the floodplain were then calculated
for each case. Table 3.5 summarized the number of buildings at risk of flooding under all
scenarios. Figure 2.7 and Figure 2.8 previously illustrated the extent of flooding for the
Regional Storm under existing conditions.
As illustrated, under Scenario 2 (Business as Usual) there will be no change in the number
of flood prone structures for the Regulatory Storm. However, there will be approximately a
10 percent increase in the number of buildings flooded for each return period storm.
Scenario 3a and Scenario 4, which both include the retrofitting of existing development with
LID storm water management measures, will result in a significant reduction in the number
of buildings prone to flooding in the 5-year event (from 18 to 2). This is because the LID
facilities are designed to capture the first flush which represents a substantial fraction of the
runoff associated with a 5-year storm.
Apart from Scenario 2, all scenarios result in a decrease in flood prone structure for the
Regulatory Storm and for all return periods ranging from the 5-year to the 100-year.
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Table 3.5 Buildings in Floodplain under management scenarios
Indicator

5-year
10-year
25-year
50-year
100-year
Reg Storm

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

18
26
31
33
39
37

22
27
32
36
40
37

2
18
22
27
32
32

18
23
26
32
33
32

2
19
23
27
31
32

Positive
Similar
Negative

3.3.5 Fish Habitat
Fish habitat is driven by the hydrology, geomorphology, water quality and riparian
conditions of the subwatershed. Key indicators modelled by these disciplines (e.g.,
baseflow, physical habitat and water temperature) are also limiting factors for fish diversity
and production.
A Fish Habitat Index score was developed for this study that qualitatively integrates and
summarizes the impacts or benefits that changes in other key indicators from other
disciplines have on fish habitat in the five subcatchments under each of the five
management scenarios. The Fish Habitat Index score used in this study was developed by
CVC and is explained more fully in the Headwaters Subwatershed Phase 2 Report (CVC,
2010) but builds on work completed for previous subwatershed studies. Additionally, similar
approaches have been used previously by the Toronto and Region Conservation Authority in
the Technical Analysis and Integration Process Summary Report for the Duffins and
Carruthers Creek Watershed (TRCA, 2003).
The indicators selected to provide a Fish Habitat Index score include: baseflow and
groundwater discharge (GW), geomorphic stability (GS), water quality including
phosphorous and temperature (WQ), and riparian cover (RC).
Each of the four Fish Habitat Index indicators listed above were given equal weighting to
assess the management scenarios. Where the management scenario would result in a
positive impact a positive rating was assigned. A similar approach was followed for a neutral
or negative impact. Overall, a neutral rating infers no net loss of habitat compared to
existing conditions associated with Scenario 1. As summarized in Table 3.6, the results
suggest there will be a net loss of habitat (i.e., more negative scores) for Scenario 2 while
there will be a gain in habitat (i.e., more positive scores) for Scenarios 3 and 4. Overall,
management scenarios Scenario 3a or Scenario 4 show improved habitat in virtually all
categories and for all watercourses.
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Table 3.6 Habitat Index Scores by Management Scenario
Scenario 1
Scenario 2
Subcatch
GW GS
WQ RC
GW GS
WQ
ment
Monora
Creek
Mill
- +
Creek
Credit
River
Eastern
Tributaries
Caledon
- +
Tributaries
Indicators:
GW – Baseflow and Groundwater
GS – Geomorphic Stability
WQ – Water Quality
RC – Riparian Cover

Scenario 3a
RC

GW

GS

WQ

Scenario 3b
RC

GW

GS

WQ

Scenario 4
RC

GW

GS

WQ

RC

+

+

+

+

-

+

+

+

-

+

+

+

+

-

+

+

+

+

-

+

+

+

+

+

+

+

+

+

+

+

-

-

+

+

+

+

+

+

-

+

+

+

+

+

+

+

+

+

+

+

+

-

+

+

+

+

-

+

+

+

-

+

+

+

+

Positive impact on habitat
No impact on habitat

-

Negative impact on habitat

3.3.6 Natural Heritage System for the Headwaters Subwatershed
The identification, protection and enhancement of an integrated network of natural heritage
features and the connecting links between them (i.e., a Natural Heritage System or NHS)
are fundamental to maintaining biodiversity and ecological functions in the Headwaters
subwatershed. The NHS is composed of core areas and enhancement areas. Core areas are
large areas of contiguous natural vegetation in various states of maturity that provide
critical fish and wildlife habitat essential to maintaining biodiversity and ecosystem functions
and services of the Credit River watershed. These core areas frequently contain features
that are or would qualify as significant under the Provincial Policy Statement (OMMAH,
2020) (see Table 3.7), and smaller adjoining natural areas that support their function.
Together, these natural areas form the core areas of the Headwaters natural heritage
system. Enhancement areas are defined as areas that support existing core areas and
existing linkages and that provide opportunities for improving ecosystem features and
functions within the NHS through stewardship and restoration. They include terrestrial
corridors and other areas (e.g., agriculture, successional lands; Table 3.7) that help create
a connected natural heritage system for the Headwaters.
As part of the Impact Assessment (CVC, 2010), two natural heritage system scenarios were
developed and assessed. Table 3.7 lists the criteria used to create both the existing policies
and practices NHS and an enhanced natural heritage system.
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Table 3.7 Alternative approaches to Natural Heritage System establishment

Natural Heritage System Alternatives

NHS Component

Existing Policies and Practices

Enhanced
•
•
•

Woodlands

•
•

Include all woodlands ≥ 4 ha
Incorporate 30 m buffer on all retained woodlands
•

Wetlands

Life Science Areas of Natural
and Scientific Interest (ANSI)
and Environmentally
Significant Areas (ESA)

Valleylands/Watercourses/Fish
Habitat

•

Within the Greenbelt Area, include all evaluated wetlands or wetlands > 0.5 ha
Outside of the Greenbelt Area, include all Provincially Significant Wetlands and
on-line wetlands > 0.5 ha
Incorporate a 30 m buffer on all retained wetlands

•
•

Include all Provincially Significant Life Science ANSIs and all ESAs
Incorporate Vegetation Protection Zones as determined on a site-specific basis

•
•

•
•
•
•
•

Include all lands below the crests of slopes
Include all lands within the meander belts of watercourses
Include all engineered flood plains and estimated flood plains
Incorporate a 30 m buffer on all watercourses (except headwater swales), lakes
and on-line ponds
Within the urban boundary of Orangeville, include all areas of contiguous woody
vegetation (forests, plantations, cultural woodlands and swamps) that intersect
the 30 m buffer

•
•
•
•

•
•

Include all Provincially Significant Life Science ANSIs
Incorporate Vegetation Protection Zones as determined on a site-specific basis

•
•
•
•

Include all lands below and 30 m beyond the crests of slopes
Include all lands within and 30 m beyond the meander belts of watercourses
Include all engineered flood plains and estimated flood plains
Incorporate a 30 m buffer on all watercourses (except headwater swales), lakes
and on-line ponds
Within the urban boundary of Orangeville, include all areas of contiguous woody
vegetation (forests, plantations, cultural woodlands and swamps) that intersect
the 30 m buffer
Include any cultural savannas and cultural thickets within 50 m of the crests of
slopes
Incorporate a 100 m buffer on 4th order or higher rural tributaries
Incorporate a 100 m buffer on the main branches of urban tributaries

•

•
•
•
•

Species at Risk Habitat

Include all natural areas associated with the occurrence of species designated
Threatened or Endangered by the federal (COSEWIC) and/or provincial (COSSARO)
assessment process

Terrestrial Corridors
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Include all woodlands ≥ 4 ha
Incorporate 30 m buffer on all retained woodlands
Retain additional lands to (i) improve the shape of significant woodlands, (ii)
enlarge woodlands with < 4 ha of existing interior forest habitat to create a
minimum 4 ha core of interior habitat and/or (iii) enlarge woodlands that almost
contain interior forest habitat (90 m from edge) to create a minimum 0.5 ha core
of interior habitat.
Include cultural savannas and cultural thickets that intersect 30 m Vegetation
Protection Zones
Within the Greenbelt Area, include all evaluated wetlands or wetlands > 0.5 ha
Outside of the Greenbelt Area, include all Provincially Significant Wetlands and
on-line wetlands > 0.5 ha
Incorporate a 30 m buffer on all retained wetlands
Retain additional lands to improve the shape of terrestrial habitat adjacent to
included wetlands

•

•
•

Include all natural areas associated with the occurrence of species designated
Threatened or Endangered by the federal (COSEWIC) and/or provincial
(COSSARO) assessment process
Where reasonable, include all natural areas associated with the occurrence of
species designated Special Concern by the federal (COSEWIC) and/or provincial
(COSSARO) assessment process
Include corridors as defined by the Greenbelt NHS
Retain additional lands to restore connectivity between High Priority Areas

These two options were incorporated into the management scenarios as follows:
•

Scenario 1 reflects existing land use conditions and the existing policies and practices
NHS.

•

Scenario 2 includes the existing policies and practices NHS that incorporated future
developments identified in municipal official plans. Based on current policies and
practices, and without new mitigation measures, it is anticipated that under this
scenario there would be a loss of natural vegetation cover.

•

Scenarios 3a and 3b include the existing policies and practices NHS but assume that
there is some basic protection for headwater streams and ecological restoration
reflective of what is currently observed in existing planning policies and practices and
through current stewardship programs. Under Scenario 3, existing natural areas are
buffered from adjacent land uses, stream and valley corridors naturalize, and some
smaller, isolated natural areas are merged through planning and restoration with
larger adjacent natural areas to protect their function and integrity.

•

Scenario 4 includes the enhanced NHS that not only protects the existing natural
system but strives to restore and enhance its long-term function in consideration of
the effects of urbanization and climate change. It includes the natural features and
areas identified in the previous scenarios and enhances the NHS with improved
connectivity and improved feature quality (i.e. size and shape) at the landscape scale
(CVC, 2010).

The enhanced NHS associated with Scenario 4 is illustrated in Figure 3.2. It was found to
best meet subwatershed targets to create an integrated network of natural heritage
features and the strategic addition of lands with stewardship and enhancement potential.
Existing connections are located and strengthened, primarily through stream and valley
corridor systems along the main branch of the Credit River and its tributaries. Enhancement
and stewardship areas support existing core areas and existing linkages and provide
opportunities for improving ecosystem features and functions within the NHS through
stewardship and restoration.
The enhanced NHS is intended to mitigate the impacts of urbanization, protect wildlife
habitat, and sustain the natural heritage and hydrologic features and functions of the
Headwaters subwatershed over the long term.
From a natural heritage perspective, the management scenarios were compared and
evaluated by considering nine NHS assessment indicators. These assessment indicators are
related to natural heritage system targets established in the Phase 1 Report (CVC, 2009)
and refined in the Phase 2 Report (CVC, 2010).
1.
2.
3.
4.
5.
6.
7.
8.
9.
65

Woodland cover
Wetland cover
Woodland patch size
Woodland interior area
Proximity to (or coincidence with) bioregional corridors
Riparian buffers and zones
Wetland and upland connectivity
Percent of subwatershed consisting of natural habitat
Matrix quality
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Figure 3.2 Enhanced Natural Heritage System for the Headwaters subwatershed
66

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

Data for the first five natural heritage system indicators are presented in Table 3.8 and
graphically in Appendix B. The others are discussed qualitatively. Riparian buffers and zones
are assessed in Table 3.9 because of their close linkage to the health of fish and aquatic
habitat. Table 3.9 speaks to the ecological values and environmental services provided by
each indicator of the NHS discussed in this assessment.
Scenario 1 in Table 3.8 reflects baseline conditions. Scenario 2 is consistently the worst in
terms of impact on the natural heritage system because of the projected loss of natural
vegetation that in turn contributes to impacts on groundwater and water quality, loss of
riparian vegetation, and habitat loss. Scenarios 3a and 3b which reflect some modest
protection or enhancement under the existing policies and practices NHS performs better
than baseline conditions (Scenario 1) and Scenario 2. Scenario 4 (enhanced NHS) performs
best on the indicator assessment as it results in increased natural cover and connectivity in
the subwatershed.
Table 3.8 Natural Heritage System indicators assessed under each management scenario.
Scenario
1

Scenario
2

Scenario
3a

Scenario
3b

Scenario
4

Woodland Cover (ha)

952

896

1408

1408

2036

Woodland Cover (%)

16

15

23

23

34

Wetland Cover (ha)

369

344

369

369

369

Wetland Cover (%)

6.1

5.7

6.1

6.1

6.1

100
26
26
16
5

98
26
25
15
5

105
20
21
18
13

105
20
21
18
13

81
16
19
16
17

21

20

30

30

31

52

48

106

106

390

5.5

5.3

7.5

7.5

19.1

1.5

0.5

2.2

2.2

44.4

0.15

0.05

0.16

0.16

2.20

13

13

18

18

25

NHS Indicator

Woodland patch size
distribution (# patches in
each size class):
0-2 ha
2-4 ha
4-10 ha
10-30 ha
>30 ha
Woodland patches >10 ha
Woodland Interior - 100 m
Core Area (ha)
Woodland Interior - 100 m
Core Area (% of woodland)
Woodland Interior - 200m
Core Area (ha)
Woodland Interior -200 m
Core Area (% of woodland)
Proximity to bioregional
corridors
(% Woodland within
Greenbelt NHS)

Substantial benefit to ecological assessment component of natural heritage system
Benefit to ecological assessment component of natural heritage system
Neutral impact on ecological assessment component of natural heritage system
Negative impact on ecological assessment component of natural heritage system
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Table 3.9 Ecological Values and Environmental Services provided by NHS assessment indicators.
NHS Assessment
Indicator
Woodland cover in
subwatershed

Ecological values and environmental services provided by NHS indicator
Increased woodland cover supports biodiversity; wide-ranging species; forest interior
species; mitigation of edge effects; climate moderation; air quality; recreation
Increased cover affects water quality and quantity through improved infiltration, flood
control through reduced surface runoff, groundwater recharge, and evapotranspiration

Wetland cover in
subwatershed

Increased wetland cover supports biodiversity and provides enhanced flood moderation,
base flows, groundwater recharge and discharge, excess nutrient assimilation, sediment
removal, and pathogen removal

Woodland patch size

Larger woodland patches support greater biodiversity; increased groundwater recharge;
and possess greater potential for withstanding anthropogenic disturbance

Woodland interior
area

Woodland interior area is important for maintaining species that are sensitive to
anthropogenic disturbance and for mitigating edge effects. Interior areas can also serve
as refugia for biodiversity and native species against natural disturbances such as
windthrow, insolation, and ice storms; natural predators; and against human-induced
disturbances (e.g., noise, light, domestic predators). Interior areas are typically
underrepresented in urbanizing landscapes

Riparian buffers and
zones

Woodlands or natural areas within a 30m buffer on watercourses improve water quality
and quantity by providing erosion and sedimentation control and slowing the movement
of water, improving infiltration. Wooded areas near streams cool water temperature,
helping to sustain coldwater fisheries; and favor the survival and reproduction of
amphibians, reptiles, and other species that utilize multiple habitat types.
Natural cover on headwater streams is associated with improved stream health
parameters
Riparian zones, including floodplains, crest of slopes and meander belts under natural
cover represent the interface of terrestrial and aquatic environments. As such they are
exceptionally rich in biodiversity; trap and remove sediments, nutrients and
contaminants such as pesticides; store and moderate flood waters; maintain habitat for
aquatic species through nutrient inputs and moderation of water temperatures; reduce
channel erosion; provide habitat for species; offer recreational opportunities; and
improve aesthetics. Riparian corridors permit species movement and are recommended
as a focus for restoration in adapting to climate change

Wetland and upland
connectivity

Buffers around wetlands ensure availability of critical habitat for a number of wetland and
upland dependent species; protect wetlands from adverse human impacts; and improve
wetland water quality through removal of sediments, nutrients, and contaminants.
Wetland and upland natural area connectivity provides improved habitat diversity that
supports increased biodiversity; and permits movement of species among habitats for
completion of life cycles

Percent
subcatchment under
natural area

A high percentage of natural cover within a subcatchment is associated with improved
stream health and water quality parameters

Matrix quality

The matrix, or the landscape surrounding a patch, plays an important role in facilitating
or limiting species movement across the landscape and among like or unlike natural
patches

Proximity to (or
coincidence with)
bioregional corridors

A natural area that intersects or is close to a bioregional corridor (e.g., Oak Ridges
Moraine) provides feeding or staging grounds for migrating species. Natural areas that lie
within protected bioregional corridors such as the Niagara Escarpment or the Greenbelt
Natural Heritage System allow species movement at larger scales, promoting genetic
diversity and permitting gene flow and genetic change over large distances and long
timeframes. Large scale corridors and connectivity are strongly recommended to allow
species to move and adapt to climate change
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3.4

Evaluation of Scenarios

The following process was used to evaluate the ability of each of the alternative scenarios to
achieve the Objectives for the Headwaters subwatershed. 5
1. The analyses presented in Section 3.3 for water quality, groundwater, erosion
potential, flood potential, fish habitat, natural heritage, and natural cover near
municipal wells were used to determine the environmental response of each listed
Indicator for each of the five alternative scenarios.
2. The alternative scenarios were scored by comparing the value of the indicators in
Section 3.3 against the established Targets associated with each Objective (see
Appendix A). Each comparison was assigned a score ranging from 0-10. Two systems
were used for scoring:
a. Where the value of an Indicator did not meet a Target, the alternative scenarios
were scored proportionally based on the difference between the values of their
Indicator and the Target. For example, a scenario that achieved 20 percent of a
given target was given a score of 2, while a scenario that achieved 80 percent of
the target was given a score of 8.
b. Where the value of the Indicator of some of the alternative scenarios met or
exceeded a target, while others did not, those alternative scenarios that met the
Target were given a score of 5. Other scenarios were scored proportionally based
on the difference between the values of their Indicator and the Target. For
example, a scenario that was 30 percent below the target was given a score of 3,
while a scenario that exceeded the Target by 30 percent was given a score of 8.
3. A matrix was established for the subwatershed as a whole and for each of the five
catchment zones to summarize the scores of each Objective based on the scores of
each Indicator for each alternative scenario. Indicator scores were averaged so that
the overall score for each Objective ranged from 0-10. Each Objective was weighted
equally, so that all Objectives contributed equally to the overall score for each
alternative scenario.
4. The overall score for each alternative scenario was calculated by summing the
overall scores of each Objective. Therefore, the maximum overall score for each
alternative scenario was 90 (nine Objectives with a maximum of 10
points/Objective).
Table 3.10 summarizes the total score for each alternative scenario for the five catchment
zones and of the Headwaters subwatershed as a whole. Table 3.11 presents the breakdown
of the scoring based on the nine objectives that were evaluated. Comparable tables for each
subcatchment are included in Appendix C. In these tables, red signifies the degradation of
environmental conditions as compared to existing conditions, white signifies the
maintenance of similar conditions, while green represents an improvement.

5

For additional details regarding the analysis refer to refer to Section 4.0 of the Phase 2, Impact Assessment and
Evaluation of Alternative Management Strategies (CVC, January 2010)
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Table 3.10 Evaluation Summary by Catchment

Catchment
Monora
Creek
Mill
Creek
Eastern
Tributaries
Caledon
Tributaries
Credit
River
Total
Subwatershed

Total Score of Indicators

Max
Score

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

60

32

12

49

35

42

60

26

7

41

30

42

60

42

17

41

40

42

60

42

28

43

38

41

60

39

16

51

31

51

90

48

19

70

42

73

Improvement from existing conditions
Similar to existing conditions
Deterioration from existing conditions
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Table 3.11 Evaluation Summary by Objective

Total Score of Indicators

Objective
(see blow)

Number of
Indicators

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

0.3

7.0

3.3

7.0

5

2

10.0

0.0

10.0

4.5

10.0

6

1

2.0

0.0

10.0

2.0

10.0

7

1

2.0

0.0

5.0

4.0

5.0

8

3

5.0

4.0

9.0

4.3

8.7

9

9

3.1

1.7

6.2

4.4

6.0

10

1

5.0

2.5

5.0

5.0

7.5

11

8

9.0

9.0

9.0

9.0

9.0

12

1

5.0

1.0

10.0

5.0

10.0

48

19

70

42

73

TOTAL SCORE (Maximum 90)

Improvement from Scenario 1
Comparable to Scenario 1
Deterioration from Scenario 1

Objectives
4)
5)
6)
7)
8)

Preserve and re-establish the natural hydrologic cycle.
Maintain, enhance, or restore natural stream processes to achieve a balance of flow and sediment transport.
Manage streamflow to reduce erosion impacts on habitats and property.
Minimize risk to human life and property due to flooding.
Maintain groundwater levels and baseflows (groundwater discharge to streams) to sustain watershed functions, human
uses, and climate change.
9) Maintain or enhance water and sediment quality to achieve ecological integrity.
10) Protect drinking water sources.
11) Protect, restore, or enhance the integrity of the watershed ecosystem through an integrated network of natural areas,
habitats, and connecting links.
12) Protect, restore, or enhance native terrestrial and aquatic plant and animal species, community diversity, and productivity.
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A comparison of the results leads to the following conclusions:
1. The application of the Business as Usual approach to stormwater management in new
development will degrade existing environmental conditions.
2. The application of Low Impact Development (LID) measures in new development will
generally maintain existing environmental conditions.
3. The application of LID measures in new development and the retrofitting of existing
developed areas will maintain or improve existing environmental conditions.
4. The benefits of LID vary between catchment zones. Generally, the greater the extent of
existing development, the greater the benefits of implementing LID measures through
retrofitting. The implementation of LID measures through retrofitting would particularly
benefit the Monora Creek Tributaries, Mill Creek, and Credit River catchment zones.
5. The wells that supply most of the municipal drinking water for the Town of Orangeville
are located in the western portions of the Monora Creek Tributaries and Mill Creek
catchment zones. Increased groundwater pumping of municipal wells in this area has
the potential to reduce groundwater discharge (baseflow) to Mill Creek, Monora Creek,
and Shaw’s Creek, located in the adjacent Shaw’s Creek subwatershed.
6. The application of LID measures to new development upgradient (west) of these
municipal wells may help maintain baseflow discharge to local surface water features in
the Monora Creek Tributaries and Mill Creek catchment zones, while the retrofit of
existing development with LID in the wellfield areas may improve existing baseflow.
However, because most existing development in these two catchment zones is located
downgradient of the water wells, the retrofit of these areas with LID measures may not
improve the overall quantity of water available for municipal water supply.
7. Island Lake and the Upper Credit River currently provide sufficient assimilative capacity
to accommodate discharge from the Town of Orangeville WPCP. Since development
proposed under Places to Grow will increase the WPCP’s rate of discharge, the
application of LID measures will be important to maintaining/enhancing baseflow in the
Credit River and tributaries to support future discharge rates without impacting other
associated uses for Island Lake. An increase in groundwater discharge to the Credit
River (baseflow) would also help to maintain the River’s fish habitat.
8. Relative to the existing policies and practices NHS, the enhanced NHS (Figure 3.2) best
meets subwatershed targets to create an integrated network of natural heritage
features. In addition, the enhanced NHS if implemented would provide a number of
other environmental and social benefits not addressed by this study. These include:

72

•

Water management benefits (e.g., increased water storage, evapotranspiration,
infiltration, water quality improvements);

•

Increased recreational opportunities (e.g., nature trails, nature appreciation,
education);

•
•

Climate change mitigation (e.g., carbon sequestration and cooling effects); and,
Health and wellness benefits.
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3.5

Recommended Management Strategy

The identification of the preferred management strategy was determined through a
comprehensive evaluation of alternative land use scenarios against nine objectives relating
to hydrology, stream processes (erosion), flooding, groundwater, water quality, and aquatic
and terrestrial ecology. Scenario 4, Low Impact Development (LID) in existing and future
development and an enhanced NHS (going beyond an existing policies and practices NHS),
was found to provide the best means of achieving the established goal and objectives.
Scenario 4 includes three key components. Each to be achieved following a different
approach.
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•

LID measures in New Development: The implementation of LID measures in new
development can be achieved through the design and approval of new development.

•

LID measures in Existing Development: LID measures in existing development can
be achieved as the opportunity arises through land use changes, site redevelopment,
and infrastructure upgrades.

•

Enhancements to the NHS: Development within these additional lands is not
currently prohibited under existing legislation, regulation, and policies. As such, the
long-term preservation of these additional lands can be achieved through long term
planning and cooperation between CVC, municipalities, and landowners.
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4.0

Management Plan

Existing urban land uses and anthropogenic activities strongly affect the water balance of
the subwatershed and, as such, play an important role in the overall health of the
subwatershed. Cumulative impacts from urbanization, water takings and decreasing
baseflow contributions are stressing the Headwaters subwatershed system; nonetheless,
while some areas of the Headwaters subwatershed show signs of stress, overall, the
subwatershed appears to be relatively healthy.
From a detailed assessment of the subwatershed, we have come to understand that
groundwater recharge is key to improving and sustaining the health of the whole
Headwaters subwatershed system. The reduction of groundwater recharge not only needs to
be considered in the context of sustaining the supply of drinking water, but also in
maintaining baseflow to sensitive streams that support important fish species. Given the
sensitivity of the subwatershed watercourses, careful consideration needs to occur to ensure
that changes in flow regime due to urbanization have minimal impact on the headwater
tributaries. Key natural heritage and water resources linkages are still largely intact and are
a major determinant of continued ecological health. However, linkages between tableland
forests and riparian corridors would benefit from improvement and provide increased
likelihood of a healthy natural environment under conditions of climate change and future
growth.
The Headwaters subwatershed will continue experience changes in land use for the
foreseeable future. Planned growth will result in an additional 24 percent (from 29 percent
to 36 percent) increase in urban land use and as much as a 30 percent increase in
groundwater pumping. The cumulative impact of increased municipal pumping rates to meet
population projections and reductions in recharge due to future development will be
exacerbated by extreme precipitation and drought conditions. These changes have the
potential to have cascading effects throughout the subwatershed, including reduction in
baseflow to streams with culturally important species and in changes to flow into Island
Lake that could impact the assimilative capacity of the downstream system.
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In response, a Management Plan has been developed that includes a comprehensive set of
recommendations that, if implemented, will aid in protecting the subwatershed for future
generations. The Management Plan presents the overall actions needed to protect and
sustain critical resources, including groundwater, surface water, natural heritage, and
fisheries. At the same time the Management Plan recognizes that agriculture will continue to
be a dominant and critical part of the local landscape and economy, and that urban growth
will continue for the foreseeable future. As such the Management Plan is not a barrier to
urban and rural land uses, but rather, focuses on the management practices designed to
promote harmony and mutual benefits between these anthropogenic activities and the
natural environment. Overall, the Management Plan aims to ensure land use and
management decisions are carried out in a manner that:
●
●
●
●
●

examines the impacts of site decisions in a subwatershed and watershed context;
plans for long-term climate change and unexpected events;
manages and minimizes the adverse impacts of urban development and agricultural
practices on ecological processes;
implements land use and management practices that are compatible with the natural
heritage features of the area; and
enhances existing conditions previously impacted by land-use activities.

The Management Plan is presented in five sections: Stormwater, Groundwater, Surface
Water, Natural Heritage and Stewardship. Detailed implementation recommendations by
topic area are found in Table 5.1.
Stormwater Management Plan
The Stormwater Management Plan focuses on the selection and design of the storm water
management measures that will need to be implemented as part of new and existing
development in order to ensure that the objectives of the Headwaters subwatershed are
met. This will be achieved through a combination of Low Impact Development (LID)
measures to maintain or enhance infiltration and groundwater recharge, and end-of-pipe
facilities that will focus on peak flow control. Either LID measures or end-of-pipe facilities
would be used to address objectives associated with water quality and downstream erosion
potential.
Groundwater Management Plan
The focus of the Groundwater Management Plan is to augment the Source Protection Plan
by providing guidance in the maintenance of groundwater recharge rates, while also
implementing measures to conserve potable water sources and reduce to risk of
contamination. Activities specific to source water protection are more fully addressed in the
Credit Valley – Toronto and Region – Central Lake Ontario (CTC) Source Protection Plan
(2015) (http://www.ctcswp.ca/).
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Surface Water Management Plan
The Surface Water Management Plan addresses challenges specific to Island Lake, flooding,
drought, erosion, water quality and pollution control, as well as climate change and water
sustainability.
Natural Heritage Management Plan
The Natural Heritage Management Plan addresses opportunities related to protecting and
enhancing the NHS, natural heritage restoration priorities, land use policies specific to
natural heritage, as well as opportunities specific to the fisheries of the Headwaters
subwatershed.
Stewardship Management Plan
The Stewardship Management Plan addresses education and outreach activities that focus
opportunities for private landowners to restore and protect the natural attributes of the
subwatershed. Agricultural practices that focus on minimizing impacts on the natural
environment are also addressed.
In each case the broad management elements are presented in Section 4.0 of this Phase 3
report, while detailed implementation recommendations are presented separately in tabular
form in Section 5.0.
4.1

Stormwater Management Plan

Stormwater management will be achieved by applying a treatment train approach at the lot
level and along the conveyance path. Collectively the treatment train will include infiltration
to maintain or exceed existing recharge rates; filtration or detention to improve water
quality; volume control to reduce downstream erosion potential; and, peak flow attenuation
to reduce downstream flood risk. For the Headwaters subwatershed the design criteria for
stormwater management will be:
•
•

•

Infiltration or Filtration: Design Low Impact Development (LID) measures to infiltrate or
filtrate a minimum of the runoff generated by a 25 mm storm.
Runoff Volume: Post development runoff volume for 2-year storm, after discounting for
infiltration/filtration and extended detention, to be no greater than pre-development
runoff volume, and preferable 90 per cent of predevelopment to account for
uncertainty.
Peak Flow: Post development peak flows in receiving watercourse to be equal to or less
than existing peak flows for all design storms up to the 1:100-year event.

LID measure that are designed to intercept runoff from a 25 mm design storm should also
typically meet objectives for water quality improvement and volume reduction associated
with downstream erosion reduction. However, acceptance of these attributes of LID
performance will be subject to municipal and provincial approval.
The final step of the treatment train may be a stormwater management basin (wet or dry)
to meet any outstanding objectives. It is anticipated that LID measures used to their full
potential will reduce or eliminate the need for stormwater management basins.
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The following sections of the report focus on the application of LID measures to both
existing and future development areas.
4.1.1 Existing Urban Areas
To support the Management Plan, a review of soil types, groundwater level, Source Water
Protection policies, natural features, and environmental conditions was undertaken to
identify where enhanced recharge through LID stormwater management could be focused in
existing development areas. The following presents examples of LID practices and details
where they can be used. A separate discussion is provided for LID measures that would be
implemented in water quality WHPAs (WHPA – Zones A to E) versus other urban areas.
LID Measures Within Wellhead Protection Areas
While LID will help to improve water balance for the Headwaters subwatershed, special
consideration must be applied within the water quality WHPAs. Within the water quality
WHPAs, identifying the source of stormwater runoff is essential for determining appropriate
LID processes, (i.e. filtration vs. infiltration). The LID measures within water quality WHPAs
can be divided into three types of measures: LID measures without limitations, LID
measures with design modifications, and no LID measures.
LID Measures Without Limitations
For stormwater that is drained from foundation and sub drains, roofs and green roof areas,
no treatment or minor on-site pre-treatment is required to remove leaves, granules, and
organic material. These measures suit source control purposes, such as residential
bioretention units that receive roof runoff and commercial/industrial green roof systems.
There is little risk of contamination from this source of water.
LID Measures with Design Modifications
For stormwater that drains from roads, sidewalks, and parking lots, with potential for high
contamination with hydrocarbons, metals, grit/sediment, and chlorides, filtration is
recommended, as opposed to infiltration. In a filtration process, an impermeable liner is
installed in order to prevent potentially contaminated stormwater from percolating to the
groundwater system (Figure 4.1). An underdrain is installed to convey stormwater into a
broader stormwater management system. Although these LIDs do not provide infiltration
opportunities, they provide other water quality and quantity benefits, such as enhancing
water quality, promoting evapotranspiration, and decreasing water temperatures and
surface runoff volume. Source control measures (e.g., bioretention units) and conveyance
control measures (e.g., bioswales) could be used for this purpose.
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Impermeable
Liner

Figure 4.1 Left to Right: Bioretention cross section with design modifications (no infiltration) and
picture from construction site while installing a section of impermeable liner

Figure 4.2 shows another LID source control measure with design modifications. The
permeable pavement filters stormwater that seeps from the ground and moves it into an
underdrain pipe instead of infiltrating it to the ground. Such a design would prevent polluted
stormwater, such as runoff with high chloride, from infiltrating to the groundwater and
contaminating the surrounding wells.

Cross section A-A
Catch basin
Cross section A-A

Figure 4.2 Left to Right: Permeable pavement with design modifications (no infiltration) with cross
section showing underdrain and impermeable liner

Similarly, Figure 4.3 shows a road infiltration system constructed with a lockable inlet for
winter operation. By closing the gate during winter months, chloride laden runoff is
prevented from entering the infiltration system and the groundwater systems while still
allowing infiltration during summer months. Such systems may be suitable for infiltration of
runoff within WHPAs, provided appropriate management and operation.
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Figure 4.3 Road Infiltration System with Closable Inlet for Chloride Exclusion

No LID Measures
Stormwater that is drained from gas stations, auto repair, and industrial areas generally has
a higher potential to contain contamination from hydrocarbons, metals, organic and
inorganic compounds, sediments, and chlorides. In this case no LID measures are
recommended.
Urban Areas Outside Water Quality Wellhead Protection Areas
For areas outside of water quality WHPAs, limiting infiltration to the groundwater is not a
major concern from a water quality perspective. Moreover, it continues to be advantageous
from a water quantity and water balance perspective. LID measures outside of the water
quality WHPAs can be divided into two types of measures: LID measures without limitations
and no LID measures.
LID Measures Without Limitations
For stormwater that is drained from roofs, green roof areas, and roads and parking lots,
infiltration is facilitated by allowing contact with existing soil (Figure 4.4). These measures
suit source control and conveyance control purposes.

Infiltration
Figure 4.4 Bioretention unit with Infiltration
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No LID Measures
For stormwater that is drained from gas stations, auto repair, and industrial areas, it
generally contains high levels of contamination, including hydrocarbons, metals, organic and
inorganic compounds, sediments, and chlorides. In this case, infiltration and water re-use
alternatives are not recommended.
Guidance Maps
A series of three figures have been developed to help guide the implementation of LID
practices and pollution prevention measures for various existing urban land uses. These
figures identify the specific lands where the lands where LID practices can be implemented.
•
•
•

Industrial, Commercial and Institutional Properties (Figure 4.5)
Public Land Properties (Figure 4.6), and
Residential Properties (Figure 4.7).

Table 4.1 categorizes various LID practices referenced in the figures according to risk of
groundwater contamination.
Table 4.1 Categories for Figure 4.5, Figure 4.6 and Figure 4.7
Category
Practices that are Permitted
Low Sensitivity

All pollution prevention and stormwater practices.

Moderate Sensitivity

LID practices that infiltrate roof runoff.
LID practices that filtrate and/or store rainwater (rainwater
harvesting). Pollution prevention practices that do not infiltrate.

High Sensitivity

LID practices that manage roof runoff and/or store rainwater.
Eliminate potential sources of pollution.
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Figure 4.5 LID and pollution prevention opportunities on industrial, commercial and institutional properties for existing developed areas. Refer to Table 4.1 for definition of categories.
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Figure 4.6 LID and pollution prevention opportunities on public land properties for existing developed areas. Refer to Table 4.1 for definition of categories.
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Figure 4.7 LID and pollution prevention opportunities on residential properties for existing developed areas. Refer to Table 4.1 for definition of categories.
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4.1.2

Future Development Areas

Based on the Official Plans of the various municipalities, Figure 4.8 shows potential future
development areas within Headwaters subwatershed. LID practices that are appropriate for
each site will be determined on a case by case basis as part of the development application
process. However, Table 4.2 provides some guidance regarding which practices will be
appropriate, depending on both land use and the presence of water quality WHPAs.
It is recognized that, where a development application has been draft plan approved or
registered at the time of the issuance of the Subwatershed Plan, implementation of LID
measures may not have been incorporated.
Table 4.2 LID Measures in Future Development Areas

Land Use

Sensitivity

LID Category

Areas within Water Quality WHPAs
Residential

Medium
Sensitivity

LID practices that infiltrate roof runoff.
LID practices that filtrate and/or store site runoff.
Pollution prevention practices that do not infiltrate.

Commercial

Medium
Sensitivity

LID practices that infiltrate roof runoff.
LID practices that filtrate and/or store site runoff.
Pollution prevention practices that do not infiltrate.

Industrial

High
Sensitivity

LID practices that manage roof runoff.
Eliminate potential sources of pollution.

Institutional

Medium
Sensitivity

LID practices that infiltrate roof runoff.
LID practices that filtrate and/or store site runoff.
Pollution prevention practices that do not infiltrate.

Road R.O.W.

High
Sensitivity

n/a

Areas outside of Water Quality WHPAs
Residential

Low
Sensitivity

All pollution prevention and stormwater practices.

Commercial

Low
Sensitivity

All pollution prevention and stormwater practices.

Industrial

Medium
Sensitivity

LID practices that infiltrate roof runoff.
LID practices that filtrate and/or store site runoff.
Pollution prevention practices that do not infiltrate.

Institutional &
Road R.O.W.

Medium
Sensitivity

All pollution prevention and stormwater practices.

Note: The listed categories are guidelines only and shall be determined on a case by case basis.
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Figure 4.8 Proposed development areas in the Headwaters subwatershed
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4.2

Groundwater Management Plan

If municipal groundwater pumping in the Orangeville, Mono, and Amaranth wells increases
as anticipated and no additional enhanced recharge techniques are applied, the predicted
reduction in groundwater discharge to Monora Creek, Mill Creek, and the Credit River
(relative to existing baseflow estimates) is estimated to be 12 percent, 23 percent, and 6
percent, respectively (Orangeville, Mono and Amaranth Tier Three Water Budget and Local
Area Risk Assessment. (AquaResource Inc., May 2011)).
The recommendations of the Credit Valley – Toronto and Region – Central Lake Ontario
(CTC) Source Protection Plan (2015) (http://www.ctcswp.ca/) are of primary importance in
protecting groundwater in the Headwaters subwatershed. The focus of the Groundwater
Management Plan from the subwatershed perspective is to augment the Source Protection
Plan by providing guidance in the maintenance of groundwater recharge rates, while also
implementing measures to conserve potable water sources and reduce to risk of
contamination.
The Low Impact Development (LID) component of the Stormwater Management Plan
(Section 4.1) is an integral part of the Groundwater Management Plan. Similarly, the Water
Quality and Pollution Control section of the Surface Water Management Plan (Section 4.3)
also plays a critical role in groundwater protection.
The Implementation Recommendations presented in Section 5.0 focuses actions specific to
protecting existing recharge areas, enhancing recharge in existing and future urban areas,
promoting water conservation, reducing the risk of contamination associated with septic
tanks, and assessing the impact of future water taking on groundwater discharge and the
natural environment. These are consistent with the recommendations in the Source
Protection Plan.
4.3

Surface Water Management Plan

The objective of the Surface Water Management Plan is to identify measures that will help
restore natural hydrologic processes while also providing guidance for future development.
The Management Plan is presented in five parts:
1.
2.
3.
4.
5.

Island Lake hydrology and operation,
Flood remediation,
Natural stream processes and erosion remediation,
Water quality and pollution prevention, and
Climate change and water sustainability.

The Implementation Recommendations presented in Section 5.0 focuses on the broad range
of activities, policies and studies required to address the recommendations of the Surface
Water Management Plan.
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4.3.1 Island Lake Hydrology and Operation
Island Lake provides a large portion of the flow in the upper reaches of the Credit River and
supports downstream water quality by providing a consistent flow of water for waste
assimilation purposes downstream of the Orangeville WPCP. The outflow from Island Lake is
regulated by a PTTW issued by MECP, and the PTTW requires minimum monthly outflows.
To date CVC has been able to meet the PTTW discharge rates although in dry years this has
required the release of the majority of lake storage.
As previously noted, Monora Creek provides half of the annual inflow to Island Lake during
average conditions, with this fraction increasing during dry conditions (see Section 2.5). As
development continues upstream of the lake, municipal water taking increases, and the
potential of extended dry periods also increases as a consequence of climate change, it is
anticipated that resulting lower lake levels will increase stress on aquatic habitat and
wetland vegetation and increase the risk that Island Lake would not maintain 100 percent of
the required PTTW outflows during an extremely dry year.
From a management perspective the focus will be on identifying opportunities to improve
the island lake flow regime from the broad perspective of reducing the potential
consequence of drought, protecting habitat within the lake itself, and modifying the lake
discharge patterns to better mimic natural flow patterns in the upper reach of the Credit
River.
4.3.2 Flood Remediation
Orangeville has been subject to a number of severe storm events over the past few years,
most notably in June 2017. These severe events have demonstrated that for Mill Creek,
Middle Monora Creek and Lower Monora Creek flooding spills beyond the defined floodplain
into adjacent neighbourhoods. As illustrated previously in Figure 2.7, Mill Creek flooding
extends both on to Broadway and southerly almost to Orange Street. As illustrated in
Figure 2.8, flooding associated with Middle Monora Creek and Lower Monora Creek spills
over a very broad area extending at least as far south as 4th Avenue.
To address flood risk in Orangeville the management plan identifies the need to update
floodplain and flood risk mapping, complete a comprehensive mitigation study that
considers both riverine flooding and spill flow that extends beyond the floodplain. Once
complete, the areas designated as two-zone floodplains should be reviewed and updated as
necessary. Mitigation measures can then be developed as feasible.
4.3.3 Natural Stream Processes and Erosion Remediation
The urban watercourses have experienced alteration due to changes in hydrology associated
with increased runoff generated by impervious surfaces. Changes can include increased
bank erosion, deposition or downcutting. Collectively they can contribute to impaired water
quality and aquatic habitat. Rather than addressing individual erosion sites on a case by
case basis, it is recommended that a catchment scale fluvial geomorphic assessment be
completed, building on work completed during Phase 1 and Phase 2. The assessment would
lead to catchment-wide recommendations specific to both watercourse management and
restoration. Priority rankings would be assigned to provide guidance on implementation.
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Further, it is recommended that CVC and the Municipalities endeavor to maintain or
enhance the form and function of the existing stream network as labelled on Figure 4.9, and
in accordance with current CVC guidelines (Evaluation, Classification and Management of
Headwater Drainage Features Guidelines, January 2014). This could be achieved by
protecting and/or improving existing watercourses as part of future urban development,
replacing existing watercourse crossings, removing online ponds and dams, remediating
existing erosion sites, or undertaking stream restoration projects This should be done in
conjunction with the priority fisheries restoration projects outlined in Table 4.5.
4.3.4 Water Quality and Pollution Prevention
This section of the Management Plan focuses on opportunities to reduce surface water
pollution associated with a range of land use activities. The urban management practices,
presented below, focus on industrial/commercial operations, sediment control during
construction, and the winter maintenance. The Stewardship Management Plan (Section 4.5)
incorporates agricultural management practices.
For commercial/industrial properties it is recommended that Municipalities determine the
need for Pollution Prevention Management Plans, particularly where there is a risk of
discharge to the Municipality’s Storm Sewer By-law. The plans would include a set of
measures that improve the operation and maintenance of privately and publicly owned
lands, buildings, and infrastructure to reduce pollution generation and, in turn, minimize
unsolicited contaminants from entering the environment. More specifically, the intent of
Pollution Prevention is to minimize potential for spills and contaminated runoff from entering
the storm drainage network and reduce chemical loading rates (e.g., road salt).
Pollution Prevention Plans must adhere to the approved Source Protection Plan (SPP): CTC
Source protection Region (CTC, 2015). The SPP prescribes measures by way of policies to
protect drinking water supplies against potential risks associated with land-based activities
such as industrial and agricultural pollution. Drinking water threats that are identified as
being potentially significant are addressed by policies specific to their source. Furthermore,
the SSP recommend protective measures (policies) to eliminate or manage the threats
posed by these activities.
Applying Pollution Prevention measures often includes changing behavior, implementing risk
management practices, and educational programs. Table 4.3 identifies a series of
opportunities specific to industrial/commercial properties, including irrigation practices,
winter de-icing, vehicle maintenance and repair, dumpster management outdoor storage,
fuelling stations, vehicle washing and parking lot maintenance.
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Figure 4.9 Stream Network Order
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Table 4.3 Pollution prevention issues and recommended Best Management Practices (BMPs)

Pollution
Prevention Issue

Issue: Non-target irrigation
(irrigation that is intended for
turf but ends up on impervious
surfaces such as roads, parking
lots, sidewalks and driveways)
carries pollutants into storm
sewers).

Irrigation
Practices

Turf irrigation washing across parking
lot (photo credit: CVC)

Winter De-icing

Improper salt storage leading to
chloride inputs to the stormsewer
(photo credit: CVC)

Recommendation: Use targeted
irrigation practices if irrigation is
necessary.
Issue: Application of rock salt to
roads, sidewalks, driveways and
parking lots leads to impaired
water quality, soil degradation,
and vegetation loss and at high
concentrations is toxic to
aquatic life. It can lead to
structural damage in
infrastructure like bridges and
vehicles. Improperly stored rock
salt leaches directly into storm
sewers.
Recommendation: Use enclosed
salt storage.
Issue: Vehicle repair that occurs
when proper facilities are not
available can result in materials
being either washed or disposed
illegally into the storm drain.

Vehicle
Maintenance

Auto repair being performed behind a
commercial strip mall (photo credit:
CVC)
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Description of Issue and
Recommended BMP

Photo

Recommendation: Perform car
maintenance under cover within
a garage, and carefully dispose
of all oil, antifreeze, and other
fluids at approved recycling
facilities.
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Pollution
Prevention Issue

Description of Issue and
Recommended BMP

Photo

Issue: Field surveys found that
dumpsters are often left
uncovered and are in poor
condition with rusted and
cracked bottoms which allows
rainwater to come in contact
with waste and leak fluid, or
“dumpster juice”.

Dumpster
Management

Dumpster in poor condition leaking
fluids onto the parking lot (photo
credit: CVC)

Recommendation: Replace with
enclosed dumpsters.

Issue: Improper storage of
materials presents a risk of
accidental release of materials
into the storm drain.
Recommendation: Properly
storing materials under a
canopy with secondary
containment.

Outdoor Material
Storage

Outdoor material storage in close
proximity to a storm sewer increasing
risk of contamination (photo credit:
CVC).

Issue: Small private fuel
stations lacking covers, spill
kits, and impervious pads pose
a serious risk to water quality
should a spill occur.
Outdoor Fuelling
Stations

Recommendation: Installation
of spill prevention measures.
Outdoor fuel station with no spill
prevention/preparedness measures
(photo credit: CVC)
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Pollution
Prevention Issue

Description of Issue and
Recommended BMP

Photo

Issue: Vehicle wash water may
contain sediments, phosphorus,
metals, oil and grease, and
other pollutants.
Vehicle Washing

Outdoor vehicle washing station
adjacent to stormsewer inlet (photo
credit: CVC).

Recommendation: Vehicles
should be washed in an
enclosed facility with proper
decontamination of wastewater
prior to disposal.

Issue: Activities such as power
washing parking lots with
cleaning solvents can result in
pollutants being washed into
the stormsewer system.

Parking Lot
Maintenance

Recommendation: Refrain from
use of solvents when washing
parking lots.
Power washing parking lots with
cleaning solvents to remove oils and
grease (photo credit: CVC).
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4.3.5 Climate Change and Water Sustainability
Water resiliency focuses on improving CVC and municipal response to events that may alter
water availability. In this context the focus is on risks associated with climate change or
extreme weather, and the need for a municipal Water Sustainability Plan.
In the last few years, the Headwaters subwatershed has been witness to an ice storm,
several extreme rainfall events and a seasonal drought. Moving forward, CVC with the area
municipalities will continue to assess risks associated with extreme weather events or
seasonal events such as droughts. Risks would encompass consequence to the public,
municipal infrastructure, and the natural environment.
Building on the recommendations of the Joint Water Plan (www.ctcswp.ca) Policy DEM-6,
municipalities should develop a regional municipal Water Sustainability Plan to help promote
overall water efficiency as a cost-effective way to reduce water demand and generate
additional water, wastewater, and stormwater capacity.
4.4

Natural Heritage Management Plan

In this subwatershed study, the natural heritage objective is to provide for an integrated
network of natural areas, habitats, and connecting links that protect, restore, or enhance
native terrestrial and aquatic plant and animal species, community diversity and
productivity.
The Natural Heritage Management Plan is structured in four parts: the Natural Heritage
System (NHS), Restoration Opportunities, fisheries and land use planning considerations.
Stewardship opportunities are referenced throughout this section of the report; however,
stewardship is specifically addressed in the Stewardship Management Plan that follows in
Section 4.5.
4.4.1 Natural Heritage System
The enhanced NHS (Scenario 4, Figure 3.2) best meets subwatershed targets to create an
integrated network of natural heritage features and the strategic addition of lands with
stewardship and enhancement potential. The enhanced NHS is intended to mitigate the
impacts of urbanization and climate change, protect wildlife habitat and sustain the natural
heritage and hydrologic features and functions of the Headwaters subwatershed over the
long term. Enhancement/stewardship areas support core areas and existing linkages and
provide opportunities for improving ecosystem features and functions within the NHS
through stewardship and restoration.
The enhanced NHS should be viewed as a tool for municipalities to consider in developing
their NHS for official plans; for prioritizing land acquisitions, restoration, and stewardship,
and for prioritizing incentives for best management practices.
The NHS in Headwaters subwatershed is of particular importance in the context of
anticipated ongoing urban development, particularly within the Town of Orangeville. The
NHS also includes many areas of active agriculture, particularly within
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enhancement/stewardship areas. It should be noted that the NHS is not intended to restrict
agricultural practices or the development of agricultural infrastructure where it is required to
maintain a sustainable and healthy rural agricultural community. Rather, it can be used to
identify opportunities to incentivize best management practices compatible with agriculture
on these lands.
Through the protection of a robust NHS, the Headwaters subwatershed will become more
resilient and capable of adapting to environmental changes, including climate change.
Climate change has the potential to alter many watershed functions and will threaten the
stability of both social and natural systems. Analysis and planning have continually proven
to be integral components of successful watershed management and, as such,
subwatershed planning provides an opportunity to respond and adapt to the anticipated
effects of climate change. Climate change greatly increases the importance of these efforts
by adding a new dimension to an already complex system.
Ecological linkages in the enhanced NHS were considered on two scales: (1) regional
linkages that provide connection across the landscape to facilitate the long-term
movement/dispersal of all plants and animals across the subwatershed, as well as to areas
beyond the subwatershed; and, (2) local linkages that provide connections among isolated
natural heritage features to the main NHS to accommodate the local movement/dispersal
requirements of plants and animals. Relatively good regional and local linkages remain
intact within the subwatershed, with the exception of an ecologically functional linkage
between NHS and the natural areas associated with the headwaters of Monora and Mill
Creek.
As labelled on Figure 4.10, areas labeled as “Potential NHS Area - Further Study Required”
are included in the NHS where reasons for including patches of natural area are
inconclusive. Rather than omitting these areas based on incomplete existing information,
they have been flagged for further study to provide the opportunity to identify features
and/or functions that would warrant their addition to the NHS.
4.4.2 Restoration Opportunities
Restoration opportunities for the Headwaters subwatershed have been identified under four
different categories: forest, wetland, riparian and grassland restoration. These opportunities
are expanded below and illustrated in Figure 4.10, which outlines the location of forest,
wetland, riparian, and grassland restoration opportunities in the subwatershed. This figure
should inform and support land use planning, resource management, restoration,
stewardship, greenland securement and natural heritage protection.
Forest Restoration Opportunity Areas
Some of the existing woodlands within the Headwaters subwatershed are isolated. Isolation
impacts ecological function by reducing the ability to sustain viable plant and wildlife
populations over the long term and increasing impacts from adjacent land use activities.
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Figure 4.10 Restoration Opportunities within the Headwaters Natural Heritage System
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Subsequently, forest restoration areas have been based on objectives to increase forest
cover and improve forest connectivity, shape, and size (Figure 4.10). A total of 200 ha is
identified as areas with opportunities for forest restoration. Increasing forest cover within
the subwatershed can also have a significant positive impact on ecological functions
including surface and subsurface hydrology and water quality.
Wetland Restoration Opportunity Areas
Wetlands currently make up approximately 10.3 percent of the Headwaters subwatershed,
which exceeds Environment Canada’s 6 percent wetland cover per subwatershed target
(Environment Canada, 2013). Wetland restoration areas within Headwaters subwatershed
were based on those specified as “first priority” in CVC’s Wetland Restoration Strategy
(Dougan and Associates et al., 2009). These areas were selected based on their contribution
to watershed functioning and feasibility, as well as sensitivity to climate change and
fluctuations in groundwater. According to this study, restoration of wetlands within these
areas would provide the greatest benefit for overall watershed function. Figure 4.10
illustrates a total of 12 ha that were identified as areas with opportunities for wetland
restoration. Restoration of wetlands within headwater regions will have a disproportional
impact on downstream areas based on enhanced flood attenuation and water quality
improvements.
Riparian Restoration Opportunity Areas
Riparian areas provide the foundation for many linkages within the NHS. They provide
habitat for wildlife species that depend on transition zones between terrestrial and aquatic
habitats, assist in regulating water temperature, help to stabilize banks, and prevent
erosion. Furthermore, riparian systems also assist in regulating geomorphic and hydrologic
processes, and they play an important role in moderating surface water quality. In
recognizing these important functions, priority areas labeled as Riparian Restoration
Priorities on Figure 4.10 have been identified to restore the width of riparian vegetation to
30 m on either side of all watercourses and water bodies. Where riparian vegetation is
missing or depauperate (lacking in species variety or vegetation structure), riparian
plantings are recommended. A total of 120 ha were identified as areas with opportunities for
riparian restoration within the enhancement/stewardship portion of the NHS. Riparian
restoration will assist in improving watershed linkage and improve water quality and rates of
surface water flow. Many of the fisheries recommendations listed below should be
considered in conjunction with riparian restoration.
Potential Sites for Grassland Restoration
Grassland-dependent birds are among the most threatened species in the world and several
relatively common grassland birds (e.g., bobolink (Dolichonyx oryzivorus) and eastern
meadowlark (Sturnella magna)) are in decline (NABCI, 2019). Lack of sufficient habitat
(some of these species are area-sensitive) and dwindling food sources are common
explanations of their decline. Grassland or meadow habitats also provide habitat for a suite
of plant and insect species (including pollinators) that are not commonly found in other
habitats such as forests or wetlands. The Headwaters subwatershed includes a variety of
open successional habitats which, along with adjacent cultural meadows and agricultural
lands, support several species of grassland birds such as Bobolink, Eastern Meadowlark,
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Northern Harrier (Circus cyaneus), Savannah Sparrow (Passerculus sandwichensis), Eastern
Kingbird (Tyrannus tyrannus), Field Sparrow (Spizella pusilla), Horned Lark (Eremophila
alpestris) and Willow Flycatcher (Empidonax traillii). Some of the open country successional
habitats in the subwatershed are sufficiently large enough to support area-sensitive
grassland bird species, namely Bobolink, Eastern Meadowlark, Northern Harrier and
Savannah Sparrow.
Figure 4.10 identifies some potential grassland restoration areas. These strategic locations
(totalling 112 ha) provide opportunities for improving grassland habitat in the watershed.
Table 4.4 indicates the amount of land recommended for each type of natural habitat
restoration.
Table 4.4 Opportunity areas for potential restoration within enhancement/stewardship areas of the NHS

Type of Restoration

Recommendation (total area)

Forest Restoration

200 ha

Wetland Restoration

12 ha

Riparian Restoration

120 ha or 12.5 km2 of stream

Grassland Restoration

112 ha

4.4.3 Fisheries
The objective of the fisheries section of the Natural Heritage Management Plan is to protect,
restore, or enhance native aquatic animal diversity and productivity by maintaining,
enhancing or restoring natural subwatershed features and processes.
Fisheries restoration priorities for the Headwaters subwatershed have been identified to
improve fish habitat, remove barriers to fish passage, improve water quality and reduce
stream temperatures.
While the aquatic ecosystems in the Headwaters subwatershed are currently subject to a
number of stresses, the area continues to offer some of southern Ontario’s most productive
coldwater fisheries. In conjunction with the Credit River Fisheries Management Plan (2002
and 2015 draft, unpublished update) and, the Brook Trout Recovery Strategy (in draft), the
fisheries related priorities of the Natural Heritage Management Plan will help to protect and
rehabilitate aquatic ecosystems.
Fisheries restoration priorities are identified in Table 4.5 and depicted in Figure 4.11 and
Figure 4.12. Figure 4.11 illustrates pond mitigation and fisheries restoration priority areas,
while Figure 4.12 illustrates stream temperature mitigation areas. The actions suggested
will reduce stresses and improve natural stream conditions and are based on scientific
principles, fisheries monitoring data, and water quality information. Many of these proposed
restoration projects will require additional assessment to confirm their feasibility and design
details. For the mitigation of online ponds, refer to Table 4.5 below and the report River of
the Dammed: A Fisheries Based Dam Mitigation Prioritization Tool for the Credit River (CVC,
2017). Further, the proposed works should be completed with reference to the planned
catchment scale fluvial geomorphic assessment (see Section 4.3.3) which will develop
catchment-wide recommendations specific to both watercourse management and
restoration.
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For Island Lake it is recommended that a study be undertaken to investigate the merits of
modifying the release rates from Island Lake in a manner that will satisfy the PTTW release
rate requirements while also improving ecohydrology and re-establishing a more natural
hydrograph regime in the upper Credit River.
Table 4.5 Priority Fisheries Restoration Projects
Restoration
Projects

Water Body

Importance

Implementation
Time Frame

high

short

1

Credit River

Restoration should focus on the
monitoring and/or management of
the impacts of the Melville Dam
failure in 2017, including removing
the remnant structure, sediment
transport and downcutting (e.g.,
sediment traps and erosion control)
and habitat restoration.

2

Monora Creek

Monora Park dam mitigation

high

short-medium

3

Monora Creek

high

medium

4

North Caledon
Tributary

Online SWM pond (Milady) mitigation
to allow brook trout passage
Private dam mitigation

high

medium

5

All Areas

Stream buffer plantings for thermal
mitigation (see Figure 4.12)

high

short-medium

6

Credit River

high

short

7

Island Lake

high

short

high

short

Investigate Water Quality concerns
associated with the WPCP and
mitigate as feasible
Aquatic Invasive Species detection
and prevention (e.g., boat wash
station and education), including
continued promotion of harvesting of
Northern Pike and control of
Common Carp

Island Lake

Investigate Island Lake discharges
and alter as feasible to improve
assimilation of WPCP effluent
improve habitat parameters,
including water level management,
and restoration of natural flow
regime downstream.

Island Lake

Investigate feasibility of increasing
storage capacity, connecting low
water refuge areas though dredging,
and implementing artificial aeration.

medium

long

Upper Mill Creek

Private on-line dam mitigation

medium

medium

11

All areas*

Retrofit SWM and online ponds (e.g.,
fish passage, thermal benefits and
sediment transport)

medium

medium

12

Island Lake
East Tributary 1

Private dam mitigation

medium

medium

8

9
10

•
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Figure 4.11 Fisheries Restoration Priorities
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Figure 4.12 Buffer planting locations for temperature mitigation
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4.4.4 Land Use Planning Considerations
The existing land use context was assessed to gain a better understanding of the potential
for further long-term protection of the NHS, as well as for land securement, stewardship, or
restoration opportunities. The NHS mapping was overlaid on aerial imagery to illustrate the
existing land use as an initial basis for comparison. This is shown on Figure 4.13.
In addition, land use schedules from each lower tier municipality’s Official Plan (Township of
Amaranth, Town of Caledon, Township of East Garafraxa, Town of Mono, Town of
Orangeville) were compared to the core and enhancement areas of the NHS to assess
compatibility. Ideally, a high percentage of the NHS or natural heritage features and areas
in the study area have been placed in a land use designation that affords their long-term
protection – or will be if development or site alteration is proposed in/adjacent to them.
Figure 4.13 also highlights areas of the core NHS (shown in dark green) and enhanced NHS
(shown in light green) that are currently designated for protection. This highlights that in
excess of 95 percent of the NHS is appropriately designated for long term protection in
Official Plans. Recognizing the NHS used for this assessment is meant to be further refined
through the local municipal official plan review process, the information provided here may
be used to determine implementation feasibility and scope the extent of study required to
conduct a natural heritage review.
Finally, Figure 4.13 also highlights core areas of the NHS that are currently not designated
for protection and do not receive protection from existing Official Plan designations (shown
in dark pink). Overall, the majority of core areas not yet designated are located in the
western edge of the Town of Orangeville and the southeast corner of the Township of
Amaranth. Although these areas and adjacent land uses to these core areas were
considered to be incompatible by this analysis, it is important to note that these core areas
would still be provided protection if development were proposed through local natural
heritage Official Plan policies and/or regulatory requirements (e.g., conservation authority
regulations, tree protection by-laws etc.), as applicable.
Where likely incompatible land uses exist within enhancement/stewardship areas (shown in
light pink), restoration opportunities could be targeted through stewardship efforts to
mitigate potential impacts to the NHS. Additionally, through proposed development and land
use changes, opportunities to enhance the areas or to offset negative impacts may be
explored. The enhanced NHS is essentially a tool to inform local land use planning,
acquisition, restoration/stewardship, and incentive programs.
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Figure 4.13 Land use Compatibility with NHS
103

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

`

4.5

Stewardship Management Plan

The Stewardship Management Plan is a CVC initiative that focuses on educating, organizing
and aiding urban and rural landowners to implement projects that support the objectives of
the Headwaters subwatershed Plan. The following details stewardship activities specific to
natural heritage restoration, agricultural activities, urban water management.
Natural Heritage
Stewardship specific to natural heritage restoration will include a series of steps ranging
from marketing to project development. Additional concerns for aquatic features are
addressed, in part, by implementation of LID, stormwater management, water quality
improvements (e.g., salt management) and other projects further away from the
watercourse. As such, the priorities listed here are focussed on in-channel and riparian
projects. Figure 4.14 illustrates potential areas of restoration specific to ponds, wetlands,
forests, channels, riparian corridors, NHS core and enhancement areas, and woodlots. In no
particular order, the top priorities for natural heritage restoration are:
1. Melville Dam failure – Manage impacts of dam failure e.g., sediment transport and
downcutting, remove remnant structure, install habitat features and plant riparian
vegetation (Area 1 on Figure 4.14).
2. Caledon Tributary One - Focus on pond mitigation, forest and riparian restoration,
and channel restoration/enhancement (Area 2)
3. Mill Creek – Focus on dam mitigation, natural channel restoration with emphasis on
restoring the uppermost coldwater reaches (Area 3).
4. Caledon Tributary One– Focus on dam mitigation, forest and riparian restoration
(Area 4).
5. Monora Creek Tributaries – Focus on stormwater management measures with
thermal retrofits and dam mitigation (Area 5).
6. Water Quality Improvement Area – Focus on stream buffer plantings for thermal
mitigation and investigate opportunities to mitigate water quality concerns
associated with the WPCP and Island Lake, as feasible (Area 6)
7. Corporate Greening Program Focus Area – Focus environmental landscaping in the
industrialized portion of the Town of Orangeville (Area 7)
8. Ensure meaningful gains in natural cover (forest, wetland, riparian, or grassland)
above baseline conditions in priority areas identified in Figure 4.10 and as
appropriate, to improve watershed ecological status and NHS connectivity.
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Figure 4.14 Priority Stewardship Opportunities
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Urban Water Management
Urban water management will focus on pollution prevention education for residential and
commercial/industrial communities, as well as education and guidance specific to
naturalization and water management on private lands.
Corporate Greening Program Focus Area
Existing urban development limits the ecological connectivity between the natural areas of
the Monora and Mill Creek headwaters, and the rest of the natural heritage system. A
Corporate Greening Program Focus Area (Figure 4.14) has been identified within an
industrialized portion of the Town of Orangeville as an opportunity to mitigate this ecological
constraint. The Corporate Greening Program would not limit existing uses but would instead
work with landowners to reduce impacts and enhance the ecological values of the lands
through ecological landscaping and low impact development. The ecological function and
connectivity between the natural areas of the Monora and Mill Creek headwaters and the
natural heritage system can be enhanced through these Corporate Greening initiatives.
Agricultural Management Practices
Management of the Headwaters subwatershed agricultural resources is important for the
health and productivity of the Credit River watershed both now and into the future. Agricultural
lands provide important ecosystem services, including supporting functions (e.g., soil
formation, nutrient cycling, primary production), provisioning (e.g., food and fiber), regulating
(e.g., climate regulation, water regulation, and pollination), and cultural functions (e.g.,
spiritual and religious, recreation, aesthetic, inspirational, educational, sense of place, and
cultural heritage) (World Resources Institute, 2003). The proposed management plan is
intended not only to reduce or mitigate impacts of agricultural land use practices on the
Headwaters tributaries, but also to maintain and enhance agricultural resources for future
generations.
Implementation of measures to improve rural water quality will be focused through CVC’s
existing programs. Farm businesses in the Headwaters subwatershed can access either the
Peel Rural Water Quality Program or the Dufferin Rural Water Quality Program for technical
and financial assistance with implementing agricultural best management practices (BMPs).
These programs are administered by the Conservation Authorities and funded by the Region
of Peel and Dufferin County. Grant rates range from 50-100 percent and provide up to
$25,000 depending on the project category. Through these programs, farmers can work
with Conservation Authority specialists to design and implement projects that build or
enhance the natural heritage system (e.g., tree and shrub planting, wetland and grassland
restoration) or protect the natural heritage system from damage caused by the agricultural
operation (e.g., soil erosion control, manure storage/management, cover cropping, fence
livestock from watercourses, etc.).
Credit Valley Conservation’s Bird-Friendly Certified Hay Program is available to hay farmers,
hay purchasers and farmland owners in the Headwaters. This program encourages hay
farmers to delay harvest to protect at risk ground-nesting birds such as the Bobolink and
Eastern Meadowlark. This web-based program allows for interested parties to connect and
negotiate land rental and hay sale agreements.
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Table 4.6 provides a summary of the BMPs that can be implemented to improve
environmental impacts of farming practices. By increasing buffer widths on agricultural
properties around watercourses, water quality and quantity issues can be improved.
Table 4.6 BMPs to mitigate water quality impacts and enhance soil conditions

BMPs for Water
Quality

Description

Enhanced Manure
Storage Facility/
Structure

Constructing or repairing a storage facility/structure to provide proper manure
storage (e.g., concrete, steel, earthen, or roofed structure) to replace stacked
manure pile, or building berm, settling basin, and/or buffer strip to treat feedlot
manure (Dillon, 2010).

Milkhouse
Wastewater
Treatment

Constructing or expanding a nutrient storage facility (e.g., sediment tank, treatment
trench, etc.) for a dairy operation that is capable of holding the waste for a
minimum number of days or installing treatment facility for milkhouse wastewater,
which may include flocculator, vegetated filter strips, constructed wetlands, lagoons,
or ponds (Dillon, 2010).

Clean Water
Diversion /
Barnyard Runoff
Control

Installing clean water diversion structures such as eaves troughs, berms, or ditches
that direct clean water away from barnyards and other sources of contamination. As
well, implementing any permanent technique to prevent rain and snow from
becoming contaminated is also considered in this BMP (Dillon, 2010). Specific
guidance is provided in Best Management Practices: Water Management (OMAFRA,
1993).

Livestock Access
Restriction to
Waterways

Installing or repairing fencing to restrict livestock access to watercourses to reduce
the potential for contamination (Dillon, 2010). Restricting livestock will also provide
important habitat enhancement for species such as brook trout (Ontario Ministry of
Agriculture and Food Rural Affairs, 2008).

Nutrient
Management Plans

Complete and implement a plan regarding nutrient storage, handling, and
application to encourage effective use of available nutrient resources, avoid nutrient
loss, optimize yields, and protect both groundwater and surface water. This includes
maintaining suitable buffers/separation distances between active land use and
watercourse (see Best Management Practices: Nutrient Management Planning
(Revised Edition, 2006) from OMAFRA for details), and to improve water quality,
increased buffer widths should be achieved throughout the subwatershed.
Figure 4.15 summarizes the recommended buffer widths based on the project
objective. This figure should guide the restoration and enhancement efforts to
mitigate the identified issue.

Pesticides

Integrated pest management strategies pertaining to pest identification, pesticide
application (nozzle size, spray height), and establish 15 m buffer width between
field and watercourse.

Maintenance

Locate feed, salt and shade structures away from riparian areas; establish
equipment maintenance areas away from watercourse.

Buffers/
Separation
Distances

Establishment of riparian buffers around watercourses aids in the management of
surface runoff, particularly as it pertains to water quality. Buffers also provide shade
to watercourses, which will contribute to a reduction of surface water temperatures.
Figure 4.15 summarizes the recommended buffer widths based on the project
objective This figure should guide the restoration and enhancement efforts to
mitigate the identified issue.
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BMPs for Water
Quality

Description

Erosion Control

Implement measures to control soil erosion on farmland, such as grass waterways,
water and sediment control basins, stream bank stabilization (including ditchbank
seeding), contour terraces (Wellington, 2015).

Cover Crops

Establish over-wintering crops (living or dead) that provide soil protection, reduce
surface erosion, and promote biological nitrogen fixation (WRWQP, 2013). Cover
Crops are also referred to as ‘green manure’ and also contribute to increasing
organic matter, controlling pests and disease, and preventing mineral leaching.

Green Manure Plow
Down

Boost fertility by growing crop and turning it under, as part of crop rotation instead
of fertilizer.

Retiring Sensitive
Lands

In areas that are not economically productive (i.e., yield is less than break-even
point in, for example, hydrologically active lands), retiring the land from active
agriculture may be a sound business decision. Conversion of lands to natural
heritage or to alternative low intensity but potential economically viable land uses
(e.g., beehives, Christmas trees, maple tree tapping, etc.) could be considered.

Figure 4.15 shows the various buffer widths and their corresponding level of achieving
buffer function. Since agricultural properties rely on their land as a source of income, it may
not be possible to implement large buffer areas at all times, but different ranges can be
applied in different situations to achieve the best possible outcome.
Headwater drainage features (zero and first order) are often ephemeral (periodically
flowing, especially after precipitation events) or intermittent (seasonal) features that,
despite their small size, exert an important influence on the hydrograph of the main
channel. Similarly, the small depressions that occur within a landscape provide water
storage opportunities that attenuate flow conditions and delay water delivery to the surface
drainage network (i.e., they may become part of a continuous surface drainage feature
during specific precipitation events). Management of agricultural lands to maximize
productivity often includes installing tile drains to manage soil moisture. Routing of water
through a subsurface drainage network alters the hydrograph of flows in the receiving
channel, reduces organic material contributions and seasonal aquatic habitat.
Implementation of the programs specific to agricultural management are included as part of
the Stewardship Management Plan, addressed more fully in Section 4.5.
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Figure 4.15 Ranges of buffer widths to natural heritage features based on current science (from
Beacon Environmental Limited, 2012) from the Credit Valley Conservation Natural
Heritage System Strategy Phase 3, September 2015
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5.0

Implementation

Following adoption of the Subwatershed Study Phase 3 Management, Implementation and
Monitoring Plan Report by the CVC Board, the Town of Orangeville, the Town of Mono, and
the Township of Amaranth, the real work of putting plans to action will begin. CVC will
ensure implementation of the Management Plan by:
•
•

•

Work in partnership with municipalities in the Headwater subwatershed to refine
analyses, establish priorities and implement the recommendations.
Work to enhance public awareness through stewardship, outreach, and education to
encourage participation in the implementation of pollution prevention, stormwater
management, and habitat restoration and enhancement actions.
Using the Adaptive Environmental Management (AEM) approach to ensure that
reporting remains current and relevant, as new and improved information becomes
available.

Chapters 1 through 4 of this Phase 3 Report have provided the rationale, background, and
detail to support the development of the Management Plan and the following
implementation recommendations. As detailed in Table 5.1, the Management Plan has been
expanded to include further details on how to implement the Management Plan, including
roles, responsibilities, and timelines. While details have been provided herein, we
understand that the successful implementation of this subwatershed study includes many
participants. We encourage partners to initiate action on the recommendations provided.
The 63 recommendations presented in Table 5.1 are intended to improve policy, programs,
and land use planning decisions for new and existing development areas and are colourcoded as follows:
•
•
•
•
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LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)
Table 5.1 Implementation Recommendations
Goal

Recommendation

Objective

Maintain or enhance
groundwater recharge,
maintain baseflow, improve
water quality, and maintain
or reduce downstream
erosion potential and flood
risk.

1.1) For all new developments processed through Draft Plans of
Subdivision or Site Plans, municipalities in the Headwaters subwatershed
shall require source, conveyance and end-of-pipe controls as part of a
treatment train approach to stormwater management, in which stormwater
measures are applied in succession along the stormwater flow path. The
minimum design criteria shall be as follows:
•
Subject to guidance provided by Recommendation 1.1 to 1.4 and
2.4 design LID measures as the first step in the treatment train,
where LID measures capture and infiltrate or filtrate a minimum of
the runoff generated by a 25 mm storm.

Direct - Objectives 5, 6,
7, 8 and 9

STORMWATER MANAGEMENT PLAN

•
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•

Timeline
Short (1-3)

Medium (4-7)

Program or project-based recommendations
Stewardship

Lead
Long (8-10)

Support

X

Amaranth
Mono
Orangeville
East Garafraxa

CVC

Indirect - Objectives 10
and 11

Post development runoff volume for 2-year storm, after discounting
for infiltration, filtration and extended detention, to be no greater
than pre-development runoff volume and preferable 90% of
predevelopment to account for uncertainty.
Post development peak flows in receiving watercourse to be equal
to or less than existing peak flows for all design storms up to the
1:100 year event.

Municipalities in the Headwaters subwatershed should ensure that stormwater
management measures in new developments are planned, designed and
implemented in accordance with the most current versions of the following
documents: Credit Valley Conservation Stormwater Management Criteria (2012);
CVC Low Impact Development Stormwater Management Planning and Design
Manual (2010, v1.0); the Ontario Ministry of the Environment’s 2003 Stormwater
Management Planning and Design Manual; and conform to the provincial, regional
and municipal policies.
Maintain or enhance
groundwater recharge,
maintain baseflow, improve
water quality, and maintain
or reduce downstream
erosion potential and flood
risk.

1.2) To ensure inclusion of stormwater best management practices in new
developments, municipalities in the Headwaters subwatershed should
develop and implement a compulsory checklist tied to development
approvals.

Direct - Objectives # 5,
6, 7, 8 and 9

x

Amaranth
Mono
Orangeville
East Garafraxa

CVC

1.3) As a part of Draft Plan and Site Plan Conditions, municipalities should
require mandatory implementation of construction best management
practices. Examples include:
•
Smart About Silt (CVC, 2012)
•
Erosion Control Guidelines for Urban Construction (TRCA, 2019)
•
Phased topsoil stripping

Direct - Objectives 5, 6,
8 and 9

x

Amaranth
Mono
Orangeville
East Garafraxa

CVC
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Indirect - Objectives 7,
10, 11

LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)
Goal

Recommendation

Objective

Increase groundwater
recharge to sustain
municipal groundwater
supply, sustain baseflow to
support brook trout
population and Credit River
assimilative capacity.

1.4) All future residential property developments completed through Site
Plans and Plans of Subdivision should include an evaluation of the
opportunities to incorporate on-site LID stormwater management practices
in conformance with the guidance provided by Figure 4.7 and Figure 4.8.

Direct - Objectives 1, 2,
3, 4, 5, 6, 7, 8 and 9

STORMWATER MANAGEMENT PLAN

Reduce pollutant load of
metals, E. coli,
hydrocarbons and
phosphorus from urban
areas to be in compliance
with PWQO.
Reduce erosion potential
through a reduction in
runoff volume

Figure 4.7 (existing development) and Figure 4.8 (future development areas)
provide direction on the broad type of practices that can be implemented, given
subwatershed characteristics and constraints.
Note: Where proposed development lies within Wellhead Protection Area Q1 and Q2
illustrated on the figures, development must adhere to the Approved CTC Source
Protection Plan (www.ctcswp.ca) Policy REC-1, REC-2 and REC-3.

1.5) All future roads and public lands reconstruction, improvement, and
retrofit projects should include an evaluation of the opportunities to
incorporate on-site LID stormwater management practices in conformance
with the guidance provided by Figure 4.6 and Figure 4.8. Refer to Table 4.1
for definition of categories.

Lead

Support

Short (1-3)

Medium (4-7)

Long (8-10)

X

X

X

All Municipalities

CVC

X

X

X

All Municipalities
Dufferin County
Upper Grand DSB
MTO

CVC

X

X

X

All Municipalities

CVC

In particular Objective 8
which relates to
maintaining
groundwater levels and
baseflows.
Indirect - Objectives 10
and 11

Figure 4.6 (existing development) and Figure 4.8 (future development areas)
provide direction on the broad type of practices that can be implemented, given
subwatershed characteristics and constraints.
Note: Where proposed development lies within Wellhead Protection Area Q1 and Q2
illustrated on the figures, development must adhere to the Approved CTC Source
Protection Plan (www.ctcswp.ca) Policy REC-1, REC-2 and REC-3.

1.6) All industrial and commercial properties subject to Site Plan approval
or substantial changes subject to Building Permit requirements should
adopt on-site LID stormwater management practices in conformance with
the guidance provided by Figure 4.5 and Figure 4.8. Refer to Table 4.1 for
definition of categories.
Figure 4.5 (existing development) and Figure 4.8 (future development areas)
provide direction on the broad type of practices that can be implemented, given
subwatershed characteristics and constraints.
Note: Where proposed development lies within Wellhead Protection Area Q1 and Q2
illustrated on the figures, development must adhere to the Approved CTC Source
Protection Plan (www.ctcswp.ca) Policy REC-1, REC-2 and REC-3.
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LEGEND

STORMWATER MANAGEMENT PLAN

Policy recommendations
Site requirements (including planning, design, and construction)

113

Goal

Recommendation

Objective

Increase groundwater
recharge to sustain
municipal groundwater
supply, sustain baseflow to
support brook trout
population and Credit River
assimilative capacity.
Reduce pollutant load of
metals, E. coli,
hydrocarbons and
phosphorus from urban
areas to be in compliance
with PWQO.Reduce erosion
potential through a
reduction in runoff volume

1.7) Municipalities should develop a methodology and criteria for screening
and evaluating LID practices at the preliminary and/or detailed design
stage of any development or municipal project that offers the opportunity
to incorporate LID measures, where the methodology also includes explicit
recommendations regarding the suitability of infiltration versus filtration.

Direct - Objectives 3, 5,
6, 7, 8 and 9

Increase groundwater
recharge to sustain
municipal groundwater
supply, sustain baseflow to
support brook trout
population and Credit River
assimilative capacity.
Reduce pollutant load of
metals, E. coli,
hydrocarbons and
phosphorus from urban
areas to be in compliance
with PWQO. Reduce erosion
potential through a
reduction in runoff volume
Increase municipal and
industry capacity to
effectively implement LID
measures.

1.9) In the future, whether or not the municipalities develop a stormwater
utility or stormwater charge, municipalities should evaluate the benefits of
incorporating incentives that can be used to encourage owners of
residential, commercial, industrial and institutional lands to develop on-site
stormwater management measures, where the value of the incentive is tied
to the collective benefits of installing the measures.

Direct - Objectives 5, 6,
7, 8 and 9

1.10) In cooperation with the municipalities, CVC to conduct STEP
(Sustainable Technologies Evaluation Program) LID training in the
subwatershed for municipal staff, in order to promote awareness of best
management practices and applications of innovative technologies for
erosion and sediment control, stormwater management and agricultural
practices.

All objectives

Timeline
Short (1-3)

Medium (4-7)

Program or project-based recommendations
Stewardship
Lead

Long (8-10)

Support

X

All Municipalities

CVC

x

All Municipalities

CVC

Mono
Orangeville

CVC

CVC

CVC
Municipalities
Stakeholders

Indirect - Objectives 10
and 11

1.8) Municipalities should ensure municipal road engineering standards
permit the adoption of at-source LID stormwater best management
practices.
Consult CVC’s Grey to Green: An Adaptive Planning and Water Management
Approach to Retrofits for Small, Medium and Large Municipalities for how this can be
done.
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X

X

LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)

STORMWATER MANAGEMENT PLAN

Goal
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Ensure long term
effectiveness of stormwater
management facilities
including LID measures on
private and public property

Timeline

Program or project-based recommendations
Stewardship
Lead

Recommendation

Objective

1.11) The municipalities in the Headwaters subwatershed should
encourage consultants, developers and builders to participate in the STEP
(Sustainable Technologies Evaluation Program) training programs that
have been designed to promote awareness and knowledge regarding all
aspects of low impact stormwater management practices (LID practices).
Courses include, but are not limited to:
•
LID Design and Construction
•
LID Operation and Maintenance
•
LID Monitoring
To encourage greater uptake, consider having a builder or developer who has
successfully employed LID measures present a case study that clearly illustrates the
merits and lessons learned associated with implementing LID practices.

Direct - Objectives 1, 3,
5, 6, 8 and 9

X

CVC

Municipalities
Developers

1.12) Municipalities should conduct an assessment of existing stormwater
assumption protocols to ensure that municipalities are protected from
assuming poorly functioning stormwater management practices and low
impact development features.

Direct – Objectives 4, 5

X

Amaranth
Mono
Orangeville
East Garafraxa

CVC

1.13) Municipalities should develop a long-term maintenance protocol for
LID practices.

x

Amaranth
Mono
Orangeville
East Garafraxa

CVC

1.14) Where Municipalities have assumed LID practices, or where longterm maintenance protocols are in place, Municipalities consider accepting
the LID practices as part of a stormwater treatment train and reduce or
eliminate the need for end-of-pipe stormwater management basins
provided that all criteria prescribed in Recommendations 1.1 are met and
can be maintained in the long term.

x

Amaranth
Mono
Orangeville
East Garafraxa

CVC

Short (1-3)

Medium (4-7)

Long (8-10)

Support

Proper assumption protocols are designed to evaluate whether a measure or facility
is functioning as designed to meet minimum acceptable requirements (e.g., MECP
Environmental Compliance Approval (ECA) for SWM facilities or municipal
requirements prior to assumption of SWM.
Note: Municipalities may consider modifying planning and approval requirements to
include assumption protocols.
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LEGEND

GROUNDWATER MANAGEMENT PLAN

Policy recommendations
Site requirements (including planning, design, and construction)
Goal

Recommendation

Objective

Protect groundwater quality
and quantity to support
watershed functions,
human needs and ecological
function. Specifically
intended to support
recharge of aquifers.

2.1) Area municipalities and CVC should protect key recharge and discharge
as well as subsurface flow direction, through municipal plans, policies and
regulations. More specifically:

Direct – Objective 8, 9

Minimize demand for
groundwater as a strategy
to maintain groundwater
levels and baseflows.

1. Municipalities within the subwatershed should require the
maintenance or enhancement of groundwater recharge in new
developments to protect groundwater resources in conformance
with the requirements described in the CVC Stormwater Criteria
Guidelines (CVC, 2012).
2. CVC should continue to require the maintenance of groundwater
recharge in new developments to protect groundwater resources in
the subwatershed and to complement efforts to enhance recharge
through stormwater management retrofitting in areas of existing
development.
2.2) The Town of Orangeville should maintain and enhance its water
conservation programs, and the Town of Mono and the Township of
Amaranth should develop and provide conservation programs, in order to
reduce their own per capita water demand.

Lead

Short (1-3)

Medium (4-7)

Long (8-10)

x

x

x

All Municipalities

X

X

X

Amaranth
Mono
Orangeville

X

X

X

Amaranth
East Garafraxa
Mono
Orangeville

X

X

X

Amaranth
Mono
Orangeville
East Garafraxa

X

X

X

All Municipalities
CVC

Support
CVC

Indirect – Objective
5, 6, 10, 11

Direct - Objective 8,
Indirect - Objective 5,
6, 10, 11

Recommendation is aligned with the Tier 3 Water Budget Study (CTC, 2011). Visit
the CTC Source Protection Plan website for the most up-to-date information:

https://ctcswp.ca/
Protect groundwater quality
and quantity to support
watershed functions,
human needs and ecological
integrity.

2.3) The Towns of Orangeville, Mono and the Township of Amaranth and
East Garafraxa shall take necessary actions to protect recharge areas as
directed in the approved CTC Source Protection Plan.
Figure 4.8 provides direction on the stormwater management practices that are
applicable in WHPAs to maintain water quality and quantity for new development.
Visit the CTC Source Protection Plan website for the most up-to-date information:

Direct - Objective 8, 9,
10, 11
Indirect - Objective 5,
6, 15, 16

https://ctcswp.ca/
2.4) Groundwater recharge rates should be enhanced in areas of existing
development, and municipalities should consider the following recommendations:
1. Effort to increase groundwater recharge should focus on areas
identified in Figure 4.5, Figure 4.6, and Figure 4.7 where
demonstrated as being feasible.
2. Municipalities should conduct detailed site screening before
implementing SWM retrofits in existing developed areas.
2.5) The Tier 3 groundwater model should be utilized for detailed
assessment of potential impacts from any proposed new water takings.
Recommendation is aligned with the Tier 3 Water Budget Study (CTC,
2011). This initiative is also compliant with the provisions of the approved
CTC Source Protection Plan.
Visit the CTC Source Water Protection website for the most up-to-date information:

https://ctcswp.ca/
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Timeline

Program or project-based recommendations
Stewardship
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Direct - Objective 8, 9
Indirect - Objective 5,
6, 10, 11

Direct – Objective 8
Indirect – Objective 5,
6, 10, 11

CVC

LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)

Island Lake
Flooding

SURFACE WATER MANAGEMENT PLAN

GROUNDWATER MANAGEMENT PLAN

Goal

116

Recommendation

Objective

2.6) CVC should assess proposed consumptive groundwater takings for
potential impacts to existing groundwater takings and other groundwater
receptors, such as aquatic habitat.

Direct – Objective 8

Protect groundwater
quantity to support
watershed functions and
ecological integrity.

2.7) CVC should provide leadership in an effort to determine an acceptable
level of change to the flow regime and water balance of natural features, in
order to determine acceptable level of impact. This initiative will require
collaboration with the MECP/MNRF.

Direct - Objective 8

Protect groundwater quality
to support safe human
consumption and watershed
health.

2.8) Continue to implement a Septic System Inspection and Replacement
Program.

Direct - Objective 8, 9

Protect, enhance and
restore the purpose and
characteristics of both the
Island Lake Reservoir and
the cold water fisheries of
the Credit River.

3.1) CVC should complete a Discharge Optimization Study to optimize the
operation of the Island Lake Dam, including consideration of water quality
and aquatic habitat in the lake and the Credit River, creation of a more
natural downstream hydrograph, dilution for the effluent from the
Orangeville PCP, recreational uses in the Island Lake Conservation Area,
and overall drought resiliency. As part of the investigation CVC should
consider the impacts of climate change as they relate to flow volume and
reliability as well as water quality and temperature.

Timeline

Program or project-based recommendations
Stewardship
Lead

Short (1-3)

Medium (4-7)

Long (8-10)

X

X

X

Support

CVC

Municipalities

X

CVC

Municipalities
MNRF
MECP

X

County of Dufferin

X

CVC

Indirect – Objective 5,
6, 10, 11

Indirect - Objective 5,
6, 10, 11

Indirect - Objective 5,
6, 10, 11

Direct - Objectives 5, 8,
10 and 11
Indirect - Objectives 4,
6 and 9

Note: Need to consider Monora Creek: Protection of water balance, and specifically
groundwater discharge to Monora Creek, as the catchment provides a significant
fraction of the flow to Island Lake. During dry conditions the baseflow in Monora
Creek is the largest input to the lake. Therefore, any potential reductions in Monora
Creek flows would impact the yield capacity of Island Lake.
Reduce and manage flood
risk in the Town of
Orangeville

4.1) CVC and the Town of Orangeville undertake a flood mitigation study to
identify a series of measures that will reduce flood risk in Mill Creek, Lower
Monora and adjacent lands that are prone to flooding.

Direct - Objectives 7

x

CVC
Orangeville

Reduce and manage flood
risk in the Town of
Orangeville

4.2) CVC and the Town of Orangeville update the two-zone floodplain
policies for Mill Creek

Direct - Objectives 7

x

CVC
Orangeville
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Mono
Orangeville

LEGEND

Recommendation

Objective

Restore natural fluvial
geomorphic processes to
manage erosion risk and
improve aquatic habitat.

5.1) CVC should complete a catchment scale fluvial geomorphic assessment
of the Headwaters subwatershed watercourses building on the Phase 1 and
Phase 2 work but focusing on restoration opportunities.

Direct - Objective 5

Erosion

Goal

Reduce maximum water
temperatures and improve
surface water quality.

Pollution Prevention

SURFACE WATER MANAGEMENT PLAN

Policy recommendations
Site requirements (including planning, design, and construction)
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Reduce sources of metals,
hydrocarbons and
phosphorus from Industrial,
Commercial and
Institutional properties to
meet the in-stream PWQO
Guidelines.

Reduce concentrations of
bacteria to acceptable levels
and nutrients to consistently
meet PQWO.

Direct - Objective 5

Evaluation, Classification and Management of Headwater Drainage Features
Guidelines, January 2014).
5.3) The Town of Orangeville should take steps to retrofit the Milady and
North Credit Estates stormwater management ponds. These ponds function
for flood control only and could be retrofitted to reduce erosion potential,
improve water quality, and improve fish passage.

Direct - Objectives 5, 6,
7, 8 and 9

Plans will include documentation of existing site conditions and operating
materials/practices and outline specific best management practices related to
pollution prevention opportunities and options, pollution remediation requirements,
timelines for implementation, and follow-up monitoring/reporting requirements.
6.2) CVC should conduct a study to better identify sources of bacteria in the
main Credit River, tributaries and Island Lake, including review of potential
impacts of livestock, wildlife, pets, septic systems and treated and
untreated sewage.
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Lead

Short (1-3)

Medium (4-7)

Long (8-10)

X
CVC

X
Municipalities

X
Municipalities

Indirect - Objectives 14
and 16

Particular attention should be given to degraded reaches and reaches within
proposed development zones. This should include analysis of catchment scale
pressures and appropriate management/restoration solutions along with
prioritization of reaches.
5.2) CVC and the Municipalities should endeavor to maintain the form and
function of the existing stream network, as labelled on Figure 4.9 by
protecting and or enhancing existing watercourses as part of future urban
development, replacement of exiting watercourse crossings, removal of online ponds, or remediation of existing erosion sites.

6.1) Municipalities should determine the need for individual Pollution
Prevention Management Plans for industrial, commercial or institutional
properties where there is a risk of discharge contrary to the municipality’s
Storm Sewer By-law

Timeline

Program or project-based recommendations
Stewardship

CVC (assessment)

Support
CVC
Municipalities

All Municipalities
(recommended
restoration works)

X

X

X

CVC
All Municipalities

CVC

X

X

Orangeville

CVC

X

Mono
Orangeville
East Garafraxa
Amaranth

CVC
NGOs

X

CVC

NGOs

Indirect - Objectives 14
and 16

X

Indirect - Objectives 10
and 11
Direct
Objectives 9
Indirect
Objective 11

Direct - Objective 3, 9
Indirect – Objective 11

LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)
Goal

Recommendation

Objective

Reduce concentration of
Chloride to Canadian
Council of Ministers of the
Environment (CCME)
guideline in surface water
and groundwater.

6.3) Using the priorities outlined in the Drinking Water Threats in Issues
Contributing Areas Report (Genivar, 2011), the municipalities in the
Headwaters subwatershed should update or develop salt management
plans for Public Lands as best management practices to reduce the threat
to the natural environment and nine municipal drinking water wells in the
subwatershed. This should include the monitoring and tracking of the
amount, timing and distribution of road salt applications.

Direct - Objective 3, 9

Timeline
Short (1-3)

Medium (4-7)

Program or project-based recommendations
Stewardship
Lead

Long (8-10)

Support

X

All Municipalities
Dufferin County
MTO

CVC
NGOs (e.g.,
Smart About
Salt Council)

x

Mono
Orangeville
East Garafraxa
Amaranth

CVC
Dufferin County
MTO

X

All Municipalities
Dufferin County
MTO

CVC

X

CVC

Caledon
Mono
Orangeville

X

All Municipalities

CVC

Indirect – Objective 11

Note: By promoting salt management practices the municipalities should encourage
owners of existing industrial, commercial and institutional lands to adopt salt
reduction practices. Visit the CTC Source Protection Plan website for the most up-todate information regarding well head protection areas and issue contributing areas:

Pollution Prevention

SURFACE WATER MANAGEMENT PLAN

https://ctcswp.ca/
Reduce concentration of
Chloride to CCME guideline
in surface water and ground
water.

Reduce concentration of
Chloride to CCME guideline
in surface water and ground
water.

Reduce cumulative impacts
of land use change on instream water quality

Reduce time of
concentration, peak flow
and urban pollutant loading
(metals and suspended
solids) of frequent storm
events.

6.4) Municipalities should develop parking lot design guidelines to improve
drainage and reduce application of winter de-icers.

Indirect – Objective 11
Design guidelines should include how to properly store snow piles to reduce impact
to asphalt, reduce need for over salting, and improve drainage to reduce
opportunity for slips and falls.
Note: As an example, see the following: https://www.lsrca.on.ca/parking-lotguidelines
6.5) To reduce impacts of winter salt de-icer on surface and groundwater,
Municipalities should adopt a policy to require all supervisory municipal
winter maintenance staff to be certified through Smart About Salt or any
other approved program; and, Municipalities should adopt procurement
policies to restrict hiring private contractors to those that are certified
through Smart About Salt or any other approved program.
6.6) CVC should update the Headwaters Subwatershed Study water quality
model as part of the proposed Watershed Plan, to predict the cumulative
impacts of land use changes, including the impacts of increased stormwater
to stream, increased water taking, increased wastewater discharge and the
resulting impacts of climate change.
6.7) Municipalities should update or create a by-law to permit the adoption
of lot level stormwater best management practices, to prevent direct
downspout connection to storm sewer network and to allow for onsite
water ponding to enhance recharge.

Enhance baseflow (note:
frequent storms make up as
much as 75% of annual
pollutant loading and 90%
of all storms).
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Direct - Objective 3, 9
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Direct - Objective 3, 9
Indirect – Objective 11

Direct - Objective 3, 9
Indirect – Objective 11

Direct - Objectives 6
and 9
Indirect – Objective 11

LEGEND

Natural Heritage System (NHS)

NATURAL HERITAGE MANAGEMENT
PLAN

Climate Change & Water Sustainability

SURFACE WATER MANAGEMENT PLAN

Policy recommendations
Site requirements (including planning, design, and construction)
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Goal

Recommendation

Objective

Reduce and manage
drought risk in the
Headwaters subwatershed

7.1) PTTW users should actively participate in CVC’s Low Water Response
Program, voluntarily reducing water use in conjunction with Level I
(Conservation) and Level II (Conservation, Restriction) low water
conditions.

Direct - Objectives 8

Adapt to and mitigate
impacts of climate change
(droughts and extreme
rainfall) to ensure
availability of water for
human and ecological
needs, as well as safeguard
communities from flooding.

7.2) Municipalities should assess risk and vulnerability of water,
wastewater and stormwater infrastructure to climate change, in order to
develop resilient system to safeguard people, places and the resources they depend
on. Assess the vulnerability of public infrastructure to climate change using a tool
such as the Public Infrastructure Engineering Vulnerability Committee (PIEVC).
Identify components of the municipality’s wastewater and surface drainage
collection system that are at risk of failure or damage due to extreme climatic
events and develop a vulnerability assessment for future climate change scenarios
and suitable adaptation actions.

All objectives

Increase groundwater
recharge to sustain
municipal groundwater
supply and sustain baseflow
to support brook trout
population and Credit River
assimilative capacity.
Reduce pollutant load of
metals, E. coli,
hydrocarbons and
phosphorus from urban
areas to be in compliance
with PWQO.

7.3) Recognizing the need to maintain balance between human
use/consumption and the natural environment and under the guidance of
the Joint Water Supply Management Model and the Approved CTC Source
Protection Pan - Policy DEM-6 (www.ctcswp.ca), municipalities should
develop a regional municipal Water Sustainability Plan to help promote
overall water efficiency as a cost-effective way to reduce water demand
and generate additional water, wastewater and stormwater capacity.

All objectives

Protect, restore or enhance
native terrestrial and
aquatic plant and animal
species, community
diversity and productivity.
Reduce system
fragmentation and protect
interior habitat to enhance
ecological integrity and
meet minimum ecosystem
coverage.

8.1) As part of the next Official Plan update, municipalities should consider
adopting the proposed NHS illustrated in Figure 3.2, and develop policies to
protect and restore natural features within this system.

Direct - Objectives 10,
11

8.2) CVC and the Town of Orangeville should develop NHS policies to
provide guidance on permitted uses within core and enhancement areas of
the NHS identified in Figure 3.2.
Policies should be developed to reflect some of the following prevailing issues:
•
•

New transportation and utilities infrastructure should only be permitted
within the NHS where no other feasible alternatives are available.
Any facilities to be located near core areas should be designed to mitigate
impacts to adjacent natural heritage features (e.g., lighting should be
directed away from natural areas).

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

Indirect - Objectives 5,
6, 10, 11

Indirect - Objectives 1,
2 and 9
Direct - Objectives 10,
11
Indirect - Objectives 1,
2 and 9

Timeline
Short (1-3)

Program or project-based recommendations
Stewardship
Lead

Medium (4-7)

Long (8-10)

X

X

Support

PTTW Users

Municipalities

X

All Municipalities

CVC
Stakeholders

X

Amaranth
Mono
East Garafraxa
Orangeville

CVC
MECP
MNRF

X

All Municipalities

CVC

CVC
Orangeville

NGOs,
Community
Groups,
Landowners

X

X

X

LEGEND

Restoration

Goal

Recommendation

Objective

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

8.3) Land use developers should prepare Environmental Impact Statements
(EIS) for any development or land use changes that may affect the NHS.
The EIS should identify environmental impacts resulting from urbanization and how
they will be mitigated and should specifically address impacts from an NHS
perspective and not simply impacts on adjacent features.

Direct - Objectives 10,
11

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

8.4) CVC, municipalities, and other public agencies should explore the
acquisition of NHS priority areas as a mechanism to facilitate
implementation of the NHS in the Headwaters subwatershed.

Direct - Objectives 10,
11

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

9.1) Implement restoration activities that focus on the priority forest,
wetland, riparian and grassland areas identified in Figure 4.10.

Direct - Objectives 10,
11

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

9.2) As a follow-up to the completed feasibility study identifying priority
areas for restoration within the core area portion of the NHS, CVC should
take the lead in identifying projects that can be implemented.

Protect, restore or enhance
native aquatic plant and
animal species, community
diversity and productivity.

9.3) Enhance riparian habitat and water quality through riparian plantings
identified on Figure 4.10, Figure 4.11 and Figure 4.12.

Timeline

Lead

Support

Short (1-3)

Medium (4-7)

Long (8-10)

X

X

X

Developers

CVC
Municipalities

X

CVC
All Municipalities

public agencies

X

CVC
NGOs
Community Groups
Landowners

Municipalities

X

CVC
NGOs

Municipalities

X

CVC
NGOs

Municipalities

CVC

Municipalities

CVC
Mono

NGOs,
Community
Groups,
Landowners

X

X

Indirect - Objectives 1,
2 and 9
Direct - Objectives 10,
11
Indirect - Objectives 1,
2 and 9
Direct - Objective 10,
11

Program or project-based recommendations
Stewardship

X

X

Indirect - Objectives 4,
5 and 8

Water quality and thermal
mitigation.

Land Use Planning

NATURAL HERITAGE MANAGEMENT PLAN

Natural Heritage System
(NHS)

Policy recommendations
Site requirements (including planning, design, and construction)
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Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

9.4) CVC should conduct a study to determine the feasibility of restoring
grassland and/or prairie ecosystems within the NHS.

Direct - Objectives 10,
11

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity.

10.1) Effort should be made to maintain connectivity with outside
subwatershed and watershed boundaries through integrated land use
planning exercises.

Direct - Objectives 10,
11

Habitat fragmentation is
considered one of the
biggest threats to
biodiversity and overall
ecosystem health.

Indirect - Objective 9
The Town of Mono should create a corridor connection between the south and north
NHS. The Town of Mono should also complete a study to investigate the feasibility of
a natural heritage connection across Highway 9 east of the Town of Orangeville.
Once completed, update the NHS to incorporate the findings of the study.
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X

X

LEGEND

Natural Heritage

STEWARDSHIP MANAGEMENT
PLAN

Fisheries

NATURAL HERITAGE MANAGEMENT PLAN

Land Use Planning

Policy recommendations
Site requirements (including planning, design, and construction)
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Goal

Recommendation

Objective

Maintain a healthy, natural
ecosystem with ecological
function with viable habitat
and connectivity. Maintain
and/or enhance water
balance.

10.2) Hydrologic analyses should be undertaken for any development or
land use changes that may affect the hydrologic characteristics of adjacent
natural features.

Direct - Objectives 10,
11

Restoration of areas that
would benefit most and
support improving the
ecological health and
integrity of the whole
subwatershed.

11.1) The following projects are identified as highest priority in Table 4.5 of this
report and should be implemented in the short to medium term.

Protect the ecological and
recreational value of Island
Lake.

11.2) Island Lake is considered to be at high risk to the introduction of aquatic
invasive species because it is a commonly used amenity in the subwatershed. CVC
should develop an aquatic invasive species prevention, education and control
program to actively prevent and manage unwanted species.

Direct - Objective 10,
11
Indirect - Objectives 4,
5 and 8

Restoration of areas that
would benefit most and
support improving the
ecological health and
integrity of the
subwatershed.

11.3) CVC should work with municipalities, NGOs, agencies and citizens to
implement the fishery and aquatic restoration projects presented in Table 4.5 and
Figure 4.11 and Figure 4.12. Focus should begin with ‘high’ importance restoration
projects and subsequently work through to ‘medium’ importance projects. In
addition to targeted projects, CVC, partner municipalities, NGOs, agencies and
citizens should take advantage of opportunities for restoration, regardless of
whether a property falls within the list of priority restoration projects.

Direct - Objective 10,
11

Protect and restore native
terrestrial and aquatic
species, community
diversity and productivity.

12.1) CVC should use Figure 4.10, Figure 4.13 and Figure 4.14 as a tool to direct
stewardship priorities to improve the resilience of the NHS.

Direct - Objectives 3,
10, 11

Appropriate stormwater management and mitigation measures required to
demonstrate impacts will be mitigated.

•
•
•
•

Melville dam - implement restoration of headpond and remove remnant dam
structure (private)
Monora Park dam - assess options for mitigation of dam (Mono)
Monora Creek: Milady Pond Mitigation (Orangeville)
North Caledon Tributary: dam mitigation (Private)

12.2) CVC should complete a feasibility analysis to identify "quick wins" based on
property ownership, location of previously completed projects and cooperative
landowners. Opportunistic stewardship should continue to occur, regardless of
whether an area falls within priority areas within the NHS.
12.3) CVC should link implementation of the NHS with existing CVC and municipal
programs, such as tree planting, private land stewardship, and plan review and
development applications.
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Timeline
Short (1-3)

Medium (4-7)

Program or project-based recommendations
Stewardship
Lead

Long (8-10)

X

Support

Developers

CVC
Municipalities

Melville: CVC

Landowner

X
X
X

Monora Dam: CVC/Mono
Milady Pond: Orangeville
N. Caledon Pond: CVC

n/a
CVC
Landowner

X

CVC

Landowners
NGOs

Indirect - Objectives 4,
5, 8

Direct - Objective 10,
11
Indirect - Objectives 4,
5 and 8

X

X

X

X

CVC

Municipalities
NGOs
Residents

X

X

X

CVC

Municipalities,
NGOs, Citizens

x

CVC

Municipalities,
NGOs, Citizens

X

CVC

Municipalities,
NGOs, Citizens

Indirect - Objectives 4,
5 and 8

Indirect – 5, 8, 9
Direct - Objectives 3,
10, 11
Indirect - 5, 8, 9
Direct - Objectives 1, 2,
3, 10, 11

LEGEND
Policy recommendations
Site requirements (including planning, design, and construction)
Goal

Recommendation

Objective

Promote a better
understanding of natural
features, functions and
linkages within the
subwatershed.
Promote improved farm
practices, with a focus on
improving water quality

12.4) Stewardship initiatives should focus on developing programming that would
assist the agricultural community in restoring natural habitat on marginal
agricultural lands and messaging on rural beauty, local food, and natural area
protection, consistent with the priorities of residents.

Direct - Objectives 1, 2,
3, 10, 11

12.5) CVC should continue to promote the Peel Rural Water Quality Program or the
Dufferin Rural Water Quality Program.

Direct - Objectives 1, 2,
3, 9

Direct - Objectives 1, 2,
3, 9

Timeline
Short (1-3)

Medium (4-7)

X

Program or project-based recommendations
Stewardship
Lead

Long (8-10)

Support

CVC

Municipalities,
NGOs, Citizens

x

CVC

Municipalities,
NGOs, Citizens

x

CVC

Municipalities,
NGOs, Citizens

X

CVC

Municipalities,
NGOs, Citizens

X

CVC
All Municipalities

Residents

X

CVC

Residents

Agriculture

Through these programs, farmers can work with CVC specialists to design and
implement projects that build or enhance the natural heritage system (e.g., tree
and shrub planting, wetland and grassland restoration) or protect the natural
heritage system from damage caused by the agricultural operation (e.g., soil
erosion control, manure storage/management, cover cropping, fence livestock from
watercourses, etc.).

STEWARDSHIP MANAGEMENT PLAN

More information is available at: https://cvc.ca/your-land-water/countryside-

stewardship/agriculture-equine-stewardship/funding-and-technical-assistance/
Promote hay operations
designed to reduce risk to
ground nesting birds

12.6) CVC should continue to promote the Bird-Friendly Certified Hay Program, as
the program encourages hay farmers to delay harvest to protect at risk groundnesting birds such as the Bobolink and Eastern Meadowlark.

Urban Water Management

More information is available at: www.birdfriendlyhay.ca
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Protect and restore native
terrestrial and aquatic
species, community
diversity and productivity
within the urban areas.
Reduce sources of metals,
hydrocarbons and
phosphorus from
Industrial/Commercial land
uses to meet in-stream
PWQO Guidelines. Reduce
sources of Chloride to meet
in-stream CCME guideline.
Reduce sources of
Phosphorus to meet instream PWQO, and Nitrogen
and Chloride loadings to
meet in-stream CCME
guidelines from Residential
Properties.

12.7) In urbanized/industrialized areas, stewardship efforts should focus on
programs, such as Greening Corporate Grounds and Your Green Yard, as
opportunities to restore natural heritage features and functions are limited in these
areas. Seek additional funding and staff capacity to implement these programs
outside the Region of Peel.
12.8) Prevent and reduce the release of pollutants in urban areas through the
delivery of an industrial, commercial and institutional pollution prevention education
program. Education programs need to be in line with current Credit Valley, Toronto
and Region and Central Lake Ontario CTC Source Protection Plans.
Focus initiatives on irrigation, vehicle maintenance, dumpster management, winter
salt management, outdoor storage of materials and outdoor fuel stations.
12.9) Prevent and reduce the release of pollutants in urban areas through the
delivery of a residential pollution prevention education program. Focus initiatives on
fertilizer use, de-icing materials, sustainable lawn practices, car washing, pool
drainage and pet waste.
Encourage improved dumpster management for high density residential areas
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Direct - Objectives 3,
10, 11
Indirect - 5, 8,9
Direct Objectives 9
Indirect Objective 11

Direct Objectives 1, 3 and 9
Indirect Objective 11

LEGEND

Urban Water Management

STEWARDSHIP
MANAGEMENT PLAN

Policy recommendations
Site requirements (including planning, design, and construction)
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Goal

Recommendation

Objective

Increase groundwater
recharge to maintain
municipal wells and
reduction in baseflow.

12.10) To achieve residential LID retrofit uptake objective, municipalities in
partnership with subwatershed stakeholders should develop a Community
Engagement Plan to encourage behavioural shifts and implementation of LID
measures on residential lots in existing development.

Direct - Objectives 1, 2,
3, 4, 5, 6, 7, 8 and 9

Reduce pollutant load of
metals, E. coli,
hydrocarbons and
phosphorus from residential
lots to meet PWQO.

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

In particular Objective 8
which relates to
maintaining
groundwater levels and
baseflows.
Indirect - Objectives
10, 11

Timeline
Short (1-3)

Medium (4-7)

X

Program or project-based recommendations
Stewardship
Lead

Long (8-10)

CVC
All Municipalities

Support
Subwatershed
Stakeholders

6.0

Monitoring

A monitoring plan has been developed, primarily intended to support an adaptive
environmental management (AEM) approach to managing the subwatershed. An AEM
approach means making decisions as part of an on-going process. Monitoring the results of
actions, as well as the implementation success of actions, provides a flow of information
that may indicate the need to change a course of action or certain management elements.
Monitoring the implementation of the subwatershed study provides an ongoing opportunity
to update information as new science and policies become available. The specific objectives
of the recommended subwatershed monitoring approach are:
a) To gauge the effect of land use changes in the subwatershed relative to existing
conditions, targets, and goals;
b) To assess effectiveness of recommended management actions within the
subwatershed plan;
c) To update the subwatershed plan on an ongoing basis to reflect changes in science,
policies, and implementation mechanisms; and
d) To provide the necessary information on subwatershed health for revisions, updating,
and/or development of new management measures, if conditions are deviating from
objectives, targets, and goals of the subwatershed plan.
The following plan outlines the monitoring that is currently being done, as well as
recommendations for additional monitoring needed to support an AEM approach to
managing the subwatershed. The presented monitoring plan is primarily to be undertaken
by CVC, although in a few cases there is reference to a coordinated approach with the area
municipalities.
Watershed monitoring at CVC is generally undertaken through either the Integrated
Watershed Monitoring Program (IWMP) or the Real-time Monitoring Program (RTMP). Each
of these are summarized below, followed by details specific to groundwater, surface water,
natural heritage, and fisheries and aquatics.
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CVC initiated IWMP in 1999 to track long-term trends in watershed environmental health.
IWMP collects data on a diverse range of monitoring parameters that act as indicators of
ecosystem health. IWMP has a network of monitoring sites across the watershed that track
the integrity of groundwater, forest, wetlands, and streams. In the Headwaters
subwatershed, IWMP has one forest, two wetland, and 11 stream monitoring sites. Because
IWMP integrates expertise and data from disciplines, such as groundwater, terrestrial
ecology, and water quality, many aspects of the environment can be simultaneously
analyzed. In addition, the program monitors two major drivers of ecosystem change namely
climate and landscape. The information obtained through IWMP is reported in biennial
reports, technical bulletins and other products.
IWMP includes monitoring of core and secondary sites. Core sites are considered integrated
sites, as the full suite of monitored attributes are sampled allowing for integrated analysis.
Supporting sites are considered non-integrated sites, as a sub-set of monitored attributes
are sampled for supporting sites, the focus is on fish and benthic macroinvertebrates and,
as a result, water temperature and rapid geomorphology assessments are done to
complement the analysis.
In the Headwaters subwatershed IWMP includes four core and seven supporting sites. All of
the forest and wetland sites are core sites. The stream sites are either core or support.
Figure 6.1 shows the location of existing long-term monitoring stations within the
Headwaters subwatershed.
Within the Headwaters subwatershed, there are two real-time station streamflow stations,
one real-time climate station, and one real-time water quality station. These are illustrated
on Figure 6.1.
Through collection of real time flow and real time water quality data (i.e., water
temperature, dissolved oxygen, pH, chloride, turbidity and specific conductivity) CVC is able
to provide immediate alerts; if an indicator is outside the allowable limits, CVC will then
communicate this information to local, regional, and provincial authorities.
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Figure 6.1 Long Term Monitoring Locations
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6.1

Groundwater Monitoring

The groundwater component of CVC’s IWMP network includes monitoring wells where
groundwater levels and quality are measured. In addition, flow gauges measure baseflows
and spot flow locations are measured to identify groundwater contributions to stream flow.
There are presently no CVC monitoring wells in the Headwaters subwatershed, but there are
two Provincial Groundwater Monitoring Network (PGMN) program wells located nearby in
Shaw’s Creek subwatershed, one of which monitors groundwater conditions in the Amabel
aquifer and the other in shallow overburden deposits. CVC has manually monitored
baseflows at a location on Lower Monora Creek for several years, in order to improve the
local characterization of groundwater-surface water interactions and identify potential
changes to groundwater discharge to the creek. This station was replaced by a continuous
streamflow gauge located at the mouth of Monora Creek at Island Lake. The Monora Creek
streamflow gauge monitors the total flow in the Monora Creek catchment and helps to
inform water management at Island Lake and identify changes to groundwater discharge to
the creek. The streamflow gauge data are also used for local groundwater and surface water
model applications and address one of the monitoring recommendations from the Tier 3
Water Assessment Report.
Recommendations:
1. Subwatershed municipalities should be encouraged to assist CVC in
groundwater management and mitigation efforts by sharing data collected
through their groundwater monitoring networks and programs, including
PTTW monitoring.
2. CVC should continue their existing groundwater monitoring programs.
3. Municipalities should continue to review their monitoring networks, and work
with CVC to identify areas where additional data might improve the
monitoring effort, particularly in areas where watershed stress assessments
suggest an emerging negative trend. This would serve to improve the capacity to
identify impacts related to municipal takings, and to assess benefits imparted through
widespread implementation of LID measures in the subwatershed. It is likely that
multiple monitoring wells would be needed within the areas where municipal water
takings and planned LID measures are to occur so that any changes to groundwater
conditions could be identified. The wells intended to identify potential impacts from
municipal water takings should be nested wells that monitor the deep groundwater
aquifer, shallow groundwater aquifers, as well as any confining (low permeability)
layers between the shallow and deep aquifers. The wells intended to identify potential
changes due to the implementation of planned LID measures could be solely shallow
wells to monitor conditions in the shallow groundwater flow zone, where LID measures
that include infiltration are most likely to have an influence.
6.2

Surface Water Monitoring

Surface water monitoring is comprised of water quality and water quantity in various
locations, such as tributaries and the main Credit River (Figure 6.1). Two components of the
surface water monitoring CVC conducts include continuous and real-time water quantity and
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quality. Monitoring stations take continuous readings so that CVC is able to see the current
conditions in real-time. This has been very helpful in observing changes quickly to aid with
the flood forecasting program, as well as meeting different water quality targets.
Recommendations on Continuous and/or Real-time Water Quantity:
1. Municipalities and CVC should work together to increase the number of rain
gauge and/or climate stations to accurately measure local precipitation
distribution and weather parameters using the guidelines presented by World
Meteorological Network.
2. CVC should install a real-time stream flow gauge in Mill Creek where it outlets
to the Credit River.
6.2.1 Stormwater Management
Increased awareness of changing climatic conditions and the challenges of infrastructure
deficits have encouraged innovation and evolution in the development of stormwater
management solutions. This has led to the proliferation of green infrastructure and LID
technologies. In the Headwaters subwatershed, as through the Credit River watershed, CVC,
agencies, and municipalities should continue to apply LID and other green infrastructure
measures such as street trees, wetlands, as well as the protection and enhancement of
forests and grasslands, to manage storm water runoff in existing and new communities.
Recommendation on Stormwater Management Monitoring:
1. Where possible, CVC should work in partnership with agencies, municipal
partners, NGOs, and the development community to monitor large-scale
innovative stormwater management technologies to ensure performance
targets are met and that development of best management practices moves
forward.
2. LID systems should be monitored by infrastructure owners for compliance,
performance and adaptation. This monitoring should include:
• Compliance monitoring to assess whether the facility is built as designed and
whether it meets minimum acceptable regulatory requirements;
• Performance monitoring to assess how well a stormwater management practice
performs according to design objectives and targets.
• Adaptive monitoring to assess how stormwater management practices can be
enhanced to improve water quality, meet hydrologic goals, last longer, be
maintained better, and provide ancillary benefits (i.e., reduce urban heat island
or improve aesthetics).
3. Municipalities should formalize programs to monitor the performance of
stormwater management facilities to identify maintenance requirements.
6.3

Natural Heritage Monitoring

Monitoring natural heritage is important for improving our knowledge of natural systems,
how they function, and how they respond to impacts. Since natural systems are dynamic
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and change over time due to natural and anthropogenic disturbances, NHS priorities may
need to be refined periodically. By monitoring key performance indicators, it becomes
possible to identify the extent to which the NHS is achieving its objectives and targets and,
thus, when refinement is required.
In the Phase 1 report, the technical committee identified indicators of ecosystem health to
assess project objectives. These indicators included protecting major wetlands, maintaining
a contiguous and healthy riparian zone, maintaining the existence of heritage species (for
example, brook trout), improving connections between natural areas, and maintaining
corridors at regional and local scales. Assessment of the extent to which the NHS has been
implemented will provide useful feedback.
Recommendations:
1. CVC should monitor forest and wetland cover over time and determine the
percentage of enhancement/stewardship areas that have been restored or the
area of NHS, in which stewardship agreements have been implemented. A
database for tracking stewardship projects would greatly assist this type of
effectiveness monitoring.
2. CVC should carry out natural heritage monitoring at three scales: landscape,
community, and species, as described below.
•

•

•
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Landscape-Scale Monitoring: This involves assessing the amount, distribution, and
quality of natural areas, as well as the influence of anthropogenic uses on the
function of those natural areas. Landscape-scale monitoring can identify land use
changes within the subwatershed and can assess the potential impacts of land use
changes on the health and function of natural areas. Current ELC and land use
mapping could be used to complete this type of monitoring. In addition, the NHS
indicators used in scenario analysis could be used to track changes in natural cover
over time. CVC should continue to monitor and report on woodland, wetland,
riparian, and grassland cover at the landscape scale on a multi-year basis to guide
decision making on protection and restoration of the enhanced NHS.
Community-Scale Monitoring: This involves assessing the health of vegetation
communities. Within the Headwaters subwatershed, CVC currently monitors two
wetland plots and one 20 x 20-meter forest plot annually. Additional forest and
wetland monitoring plots using similar protocols could be considered where
financially feasible, particularly in areas where impacts are anticipated.
Species-Scale Monitoring: This involves assessing the health of plant and wildlife
populations and can include measures of species diversity, density of rare species,
and presence of certain species guilds. Limited amphibian and bird monitoring are
available for the Headwaters subwatershed. Preliminary amphibian surveys
completed by Bennett and Milne (2006) provide baseline data on amphibian
species richness and abundance at 47 locations using the Marsh Monitoring
Program Road Call Count methodology. Preliminary breeding bird surveys
completed by Milne and Bennett (2006) provided baseline data on breeding bird
species richness and abundance at 48-point counts at 15 different sites using the
Forest Bird Monitoring Protocol. These inventories provide useful baseline
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information, upon which future monitoring endeavors can be based. The number of
point counts will depend upon the sites selected and the diversity of vegetation
communities present. Efforts should be made to select sites that provide habitat for
CVC Species of Conservation Concern.
3. CVC and project partners should include monitoring to measure the success of
individual restoration projects and these should be designed and implemented
as an integral part of each project.
6.4

Fisheries and Aquatics Monitoring

Fisheries and Aquatics Monitoring recommendations in this section relate to monitoring
initiatives that are beyond CVC’s long-term IWMP. These recommendations below relate to
existing formal or informal initiatives that should be continued.
Recommendations for Fisheries Monitoring:
1. CVC should investigate developing a monitoring program for brook trout
spawning across the watershed and if feasible, select an appropriate number
of sites in the Headwaters subwatershed for determining spawning trends.
CVC recommends inventories of the Eastern Tributaries of Island Lake for
brook trout spawning areas to help inform the location of potential
monitoring.
6.5

Island Lake Monitoring

CVC currently measures Island Lake water levels and outflows to ensure compliance with
the PTTW conditions for flow augmentation into the Credit River. CVC also measures flows in
Monora Creek, which represent the main input to Island Lake, as well as inflows through
smaller tributaries and flows at nearby locations on Mill Creek and the Credit River. These
efforts, which have been taking place for several years, support the ongoing refinement of
the characterization of local hydrologic conditions.
The following monitoring activities are carried out related to Island Lake water
management:
•
•
•
•
•
•
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Measurement of Island Lake water levels on an hourly basis at the south dam;
Measurement of precipitation is recorded every five minutes and other climate
parameters every 15 minutes at the south dam;
Measurement of Monora Creek into Island Lake at a streamflow gauge installed just
to the north of the Island Lake Conservation Area every 15 minutes;
Monthly (excluding winter) manual measurement of flows in other tributaries that
discharge into the reservoir;
Real-time measurement of flow through the reservoir discharge gate valve every 15
minutes;
Manual measurement of seepage through the south dam at the point where seepage
water collects and flows towards the main outflow channel on at least a biweekly
basis;
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•

•

Manual measurement of total reservoir outflows on at least a biweekly basis to
confirm compliance with PTTW conditions to maintain specified minimum monthly
outflows; and
Real-time streamflow data from the Credit River station in Dragonfly Park every 15
minutes.

Recommendation for Island Lake Monitoring:
1. CVC will continue to update and maintain the monitoring infrastructure
around Island Lake as a part of the PTTW monitoring plan.
6.6

Summary of Monitoring Initiatives

The following is a summary of the monitoring that is proposed moving forward:
1. Groundwater
1.1
CVC and the subwatershed municipalities should continue their existing
groundwater monitoring programs, including the collection of PTTW data.
1.2
CVC should add additional monitoring wells to its local groundwater
monitoring network, where watershed stress assessments suggest an
emerging negative trend.
2. Surface Water
2.1
Municipalities and CVC should work together to increase the number of rain
gauge and/or climate stations to accurately measure precipitation distribution
and weather parameters using the guidelines presented by World
Meteorological Network.
2.2
CVC should install a continuous stream flow gauge in Mill Creek where it
outlets to the Credit River.
3. Stormwater Management
3.1
Where possible, CVC should work in partnership with agencies, municipal
partners, NGOs, and the development community to monitor large-scale
innovative stormwater management technologies to ensure performance
targets are met and that development of best management practices moves
forward.
3.2
As part of the installation of LID measures included as part of new
development or retrofit opportunities, specify compliance, performance and
adaptation monitoring requirements, and specify the responsibilities of the
development proponent, the municipality and the CVC.
3.3
Municipalities should formalize programs to monitor the performance of
stormwater management ponds to identify maintenance requirements.
4. Natural Heritage
4.1
CVC should monitor forest and wetland cover over time and determine the
percentage of enhancement/stewardship areas that have been restored or the
area of NHS, in which stewardship agreements have been implemented.
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4.2

4.3

CVC should carry out natural heritage monitoring at three scales: landscape,
community, and species in line with Town priorities and through consultation
and collaboration with partners.
CVC and project partners should include monitoring to measure the success of
individual restoration projects, and these should be designed and
implemented as an integral part of each project.

5. Island Lake
5.1
CVC will continue to update and maintain the monitoring infrastructure
around Island Lake as a part of the PTTW monitoring plan.
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Acronyms
AEM
ANSI
CCME
COSEWIC
COSSARO
CRFMP
CRWMSU
CTC
CVC
ECA
EMAN
ESA
EWRG
GRCA
IWMP
LID
MECP
MNRF
NHS
NVCA
PIEVC
PTTW
PSW
PWQMN
PWQO
ROW
TRCA
WPCP
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Adaptive Environmental Management
Areas of Natural and Scientific Interest
Canadian Council of Ministers of the Environment
Committee on the Status of Endangered Wildlife in Canada
Committee on the Status of Species at Risk in Ontario
Credit River Fisheries Management Plan
Credit River Water Management Strategy Update
Credit Valley, Toronto and Region and Central Lake Ontario
Credit Valley Conservation
Environmental Compliance Approval
Ecological Monitoring and Assessment Network
Environmentally Sensitive Areas
Environmental Water Resources Group
Grand River Conservation Authority
Integrated Watershed Monitoring Program
Low Impact Development
Ontario Ministry of Environment, Conservation and Parks
Ontario Ministry of Natural Resources and Forestry
Natural Heritage System
Nottawasaga Valley Conservation Authority
Public Infrastructure Engineering Vulnerability Committee
Permit to Take Water
Provincially Significant Wetland
Provincial Water Quality Monitoring Network
Provincial Water Quality Objectives
Right-of-ways
Toronto and Region Conservation Authority
Water Pollution Control Plant
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APPENDIX A
SUBWATERSHED OBJECTIVES, INDICATORS AND
TARGETS
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Table 1.1 Headwater Subwatershed - Objectives, Targets and Goals
OBJECTIVE #1 (CRWMSU #1)
Increase awareness and education of the linkages between healthy water, healthy lifestyle and the
economy, and the viability of rural and urban land uses
Objective 1a – Increase awareness of the issues affecting the subwatershed
Objective 1b – Increase awareness of the connection between property management activities (or
individual actions) and the health of the subwatershed
Objective 1c – Increase awareness of CVC’s restoration services and programs
Objective 1d – Increase awareness of lot level best management practices – specifically related to
stormwater management

Indicator

Target*

Engaged Citizens

5% increase in people engaging in
stewardship and education
programming (over previous years rate)

Increase in awareness
levels

Increased awareness and knowledge
levels as measured through responses
to surveys, questionnaires and/or focus
groups.

Increase stewardship
program participation
levels

5% increase in number of volunteer
hours contributed to community-based
stewardship events/projects (over
previous years rate)

CVC’s Website

Increased viewership of website year
over year

Adoption of sustainable
land and water
management practices

Increased number of people engaging in
CVC programming

Water use

Reduction of potable water use

Goal**
Continued increase in participation year
over year (attendance at workshops,
requesting site visits, general stewardship
inquiries)
Encourage behaviour changes to adopt
sustainable practices.
Adoption of Stewardship
recommendations outlined in Section 3.5
by Municipal Stakeholders.
CVC’s website is a trusted and widely
used resource by residents
Continued increase in adoption of best
management practices year over year
(based on previous years rate)
Reduce the amount of treated potable
water

OBJECTIVE #2 (CRWMSU #2)
Increase knowledge about the wise use of surface and groundwater having regard to both
human and ecological needs
Indicator
Target*
Goal**
Engaged Citizens

Increase in awareness
levels

Increase stewardship
program participation
levels
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5% annual increase in people engaging
in stewardship and education
programming
Increased awareness and knowledge
levels as measured through surveys,
questionnaires and/or focus groups.
5% annual increase in number of
volunteer hours contributed to
community-based stewardship
events/projects

Continued increase in participation year
over year (attendance at workshops,
requesting site visits, general stewardship
inquiries)
Encourage behaviour changes to adopt
sustainable practices.
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OBJECTIVE #3 (CRWMSU #3)
Promote the need for environmental stewardship and better understanding of the importance of
natural features and functions of the Credit River Watershed.
Indicator
Target*
Goal**
Stormwater Management
and Pollution Prevention
Program Participation
Stewardship Programs
Participation

Adoption lot level stormwater
management practices.
Adoption of pollution prevention
initiatives
Building community awareness and
improve local buy-in of stewardship
initiatives

Achieve all recommendations outlined in
section 3.1 (Groundwater) and 3.2
(Surface Water)
Meet all recommendation outlined in
section 3.5

OBJECTIVE # 4 (CRWMSU #3)
Preserve and re-establish the natural hydrologic cycle
Indicator
Target*
Ecological Flow

Maintain Post to Pre natural flow regime

Goal**
Maintain Pre development flow
magnitude, frequency, duration, timing
and rate of change 6

OBJECTIVE # 5 (CRWMSU #3)
Maintain, enhance or restore natural stream processes to achieve a balance of flow and
sediment transport
Indicator
Target*
Goal**

Water Balance

Instream Erosion Potential

Bed Sediment Regime

At a minimum detain 5 mm on site
where comprehensive studies have not
been completed, and where sensitivity
of the receiving watercourses do not
warrant a more comprehensive analysis
of the erosion potential.
Maintain or restore instream erosion
potential as ratio of the current bankfull
flow compared to historic (Qbankfull
relative to historic value = 1.4).
Maintain or restore instream erosion
potential in terms of shear stress
threshold.
Maintain or restore stable bed sediment
regime in terms of mean particle size
and distribution of stream bed (D50;
D85).

Meet Water Balance Criteria outlined in
CVC’s Stormwater Management Criteria
(August 2012)

Achieve a net reduction in ratio of the
current bankfull Flow compared to historic
bankfull flow<1.5

Achieve stable bed sediment regime that
supports native specie populations

OBJECTIVE # 6 (CRWMSU #3)
Manage stream flow to reduce erosion impacts on habitats and property
Indicator
Target*
Peak Flow
Protection of Property and
Structures

6

Post to Pre control for all storms (2, 5,
10, 25, 50, 100 year)
No increase or a net decrease in
number of affected structures at risk
within areas prone to erosion (the
number of affected structures under a 5

Goal**

Maintain pre-development hydrology
Provide SWM measures to reduce runoff
volume from frequent storms to provide
net decrease in number of affected
structures.

Poff et al., (1997) Natural Flow Regime A paradigm for river conservation and restoration. Bioscience. Vol. 47: 11.
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year event). If flows of certain duration
increase, more structures may become
prone to erosion.

Provide 5mm on-site measures for
smaller sites
Conduct a detailed geomorphic study if
the site drains to a sensitive creek.

OBJECTIVE # 7 (CRWMSU #3)
Minimize risk to human life and property due to flooding
Indicator
Target*
Protection of Life and
Property

Natural Hydrologic Cycle

No increase or a net reduction in the
regulatory flood flow.

Increase infiltration, detention and
retention of storm flow through adoption
of a treatment train approach to
stormwater management.

Goal**
Additional analysis on high intensity short
duration should be conducted to illustrate
that new designed SWM infrastructure
can convey increased peak flows safely.
Maintain volume, timing and spatial
distribution of surface water and
groundwater contributions that ensures
that hydrological changes do not cause a
negative impact on the form and/or
function.

OBJECTIVE #8 (CRWMSU #8)
Maintain groundwater levels and baseflows (groundwater discharge to streams) to sustain
watershed functions, human uses and climatological change
Indicator
Target*
Goal**
Baseflow in Streams

Ratio of Baseflow to Mean Annual Flow
= 25%

Groundwater Discharge

No reduction in Existing Stream
Baseflow

Recharge Areas

Match Post to Pre recharge conditions

Water Table Elevations

Maintain seasonal water table elevations
in areas dependent on access to water
table.
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Maintain, and if possible enhance,
baseflow discharge to creeks to support
native ecological species.
Enhance or maintain recharge and
reduce water consumption in order to
have no impact on baseflow discharge to
creeks.
No reduction in average recharge on a
subwatershed basis
Maintain pre-development hydroperiod
(seasonal patterns of water fluctuations).

Credit Valley Conservation
Headwaters Subwatershed Study
Phase 3: Management, Implementation and Monitoring Plan

For Significant, Ecologically Significant,
High and Medium Volume Groundwater
Recharge Areas (SGRA, EGRA, HGRA
and MGRA), site specific water balance
analyses and maintenance of recharge
are required.

Water Balance

For Low Volume Groundwater Recharge
Areas (LGRA), provided the site does
not impact a sensitive ecological feature,
or require a subwatershed study, or EIR,
the proponent has the option to provide
a minimum post development recharge
of the first 3 mm for any precipitation
event; or complete a site-specific water
balance to identify pre-development
groundwater recharge rates to be
maintained Post-development.

Maintain volume, timing and spatial
distribution of surface water and
groundwater contributions that ensures
that hydrological changes do not cause a
negative impact on the form and/or
function. Refer to CVC’s Stormwater
Management Criteria, August 2012).

For natural features (woodlands,
wetlands, watercourses) maintain
hydrologic regimes and hydroperiods.

OBJECTIVE # 9 (CRWMSU #9)
Maintain or enhance water and sediment quality to achieve ecological integrity
Indicator
Target*
Goal**
Dissolved Oxygen
Absolute Maximum
Summer Water
Temperature
Daly Maximum Summer
Average Water
Temperature
Copper
Iron
Zinc
Total Phosphorus
Nitrate – Nitrogen
Suspended Solids
Chlorides

Treatment train approach
to stormwater
management

Protect and enhance in stream water
quality condition to support ecological
function and assimilative capacity of
downstream wastewater inputs.

PWQO - 6 mg/L (coldwater)
26 C (coldwater)

Achieve enhanced level of stormwater
quality protection (80% TSS removal) as
per the latest MOE SWMPD Manual is
required. Refer to Stormwater
Management Criteria (Credit Valley
Conservation, August 2012) for
guidance on water quality criteria.

20 C (coldwater)
PWQO - 0.005 mg/L
PWQO - 0.3 mg/L
PWQO - 0.02 mg/L
PWQO - 0.03 mg/L
CWQG - 2.9 mg/L
CWQG - <25 mg/L (dry)
CCME - <120 mg/L

Minimize thermal impacts through
application of preventative (i.e., LID
practices) and mitigation measures
(refer to CVC/TRCA’s LID Design Guide
2011 and CVC’s Thermal Impacts of
Urbanization Including Preventative and
Mitigation Techniques)
Reduce use of NaCl through road salt
management and water softener
upgrades (refer to section 3.2 for
specific guidance).

Adoption of Section 3.2 by Municipal
partners

Septic System Inspection and
Replacement programs
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OBJECTIVE # 10 (CRWMSU #10)
Protect drinking water sources
Indicator

Target*

Goal**

Natural Cover

Natural cover within 100 m of
municipal wellheads

100%

OBJECTIVE # 11 (CRWMSU #15)
Protect, restore or enhance the integrity of the watershed ecosystem, through an integrated
network of natural areas, habitats and connecting links
Indicator
Target*
Goal**
Riparian Cover 1

Width of the Riparian Buffer

Riparian Cover 2

Percent of Stream Length Buffered

Forest Cover
Wetland Cover

Natural Cover

Interior Forest/Core
Habitat

Percent of the Subwatershed Forested
(i.e., Forest & Plantation)
Percent of the Subwatershed in
Wetlands
(i.e., Swamp, Marsh, Fen & Bog)
Percentage of Subwatershed in Natural
Cover
(i.e., Woodlands, Wetlands, Grasslands,
Aquatic, etc.)

Total Area of Forested Habitat > 100 m
from Edge

30 m back from each stream (coldwater)
90% of stream length in natural
vegetation as per Credit River Fisheries
Management Plan
Existing forest cover is about 12%.
Subwatershed target is 20% or greater.
Existing wetland cover is 8.4%.
Subwatershed target is 9% or greater.
Subwatershed target is 38% based on
recommended natural heritage system for
the subwatershed.
There are 41 patches of core habitat
(100m). The total area of 100m core is
41.2 ha.
Subwatershed target is a net gain over
existing conditions.

Large Habitat Units

Minimum Size of the Top 5% (95th
Percentile)
Largest Natural Area *

Enhanced Natural
Heritage System

Increased connectivity and natural
heritage system in priority areas
identified in Section 3.3

95th Percentile for Natural Areas Size in
the Subwatershed is 76.53 ha
Subwatershed target is a net gain over
existing conditions.
Adoption of Enhanced Natural Heritage
System by Municipal Partners.
Implementation of full enhanced natural
heritage system.

OBJECTIVE # 12 (CRWMSU #16)
Protect, restore or enhance native terrestrial and aquatic plant and animal species, community
diversity and productivity
Indicator
Target*
Goal**
Aquatic Indicator Species
1

Healthy Populations of Representative
Fish Communities

Aquatic Indicator Species
2

Productive Capacity of Habitat
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Coldwater targets are: brook trout.
Warmwater Targets for Island Lake:
largemouth bass and other centrarchids,
northern pike, yellow perch, pumpkinseed
and bullhead.
Fish biomass per unit area or fish
biomass IBI scores. Target is a net gain
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on a subwatershed basis, to be
determined by monitoring.

Species At Risk

Benthic Macroinvertebrate
Sensitivity
Benthic Macroinvertebrate
Diversity

Presence of species identified as “At
Risk” at the time of the study

Improve Hilsenhoff Biotic Index (HBI)
where index is above 6 or where
restoration is implemented.
Improve Shannon Diversity (H1) where
index is <3 or where restoration is
implemented.

Milk snakes (Lampropeltis triangulum)
have been identified in subwatershed.
Subwatershed target is, Milk snake is still
present in the subwatershed.

Maintain Hilsenhoff Biotic Index (HBI)
where index is below 6;
Maintain Shannon Diversity (H1) where
index is >3

*Target refers to specific management practices that are required in order to meet a goal.
**Goal refers to the anticipated outcome of meeting the outlined targets.
***Method for calculating Minimum Size of the Top 5% Largest Natural Area
1. The top 5% largest natural areas are those natural areas whose size is equal to or greater than the 95th
percentile of natural area size.
2. A Natural Area is an areas of contiguous of natural (forest and wetland) and naturalizing (successional and
plantation) vegetation. Meadows and aquatic communities smaller than 2 hectares are incorporated within the
natural area. Conversely, meadows and aquatic communities 2 hectares or larger are excluded from the natural
area. These large meadows and aquatic communities are considered their own type natural area.
3. The size of a Natural Area is calculated based on the entire natural area, not just the portions in the
subwatershed; in other words, do not clip natural areas to the subwatershed boundary.
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APPENDIX B
EVALUATION OF MANAGEMENT SCENARIOS –
NATURAL HERITAGE
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#1: Woodland cover in Headwaters subwatershed
40

Percent woodland cover

35

Recommended
woodland cover

30
25
20
15
10
5
0
Scenario 1

Scenario 2

Scenario 3a & 3b

Scenario 4

Scenarios

#2: Wetland cover in Headwaters subwatershed
6.20

Recommended wetland
cover guideline

Percent wetland cover

6.10
6.00
5.90
5.80
5.70
5.60
5.50
Scenario 1

Scenario 2

Scenario 3a & 3b
Scenarios
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Scenario 4

#3: Woodland size distribution, Subwatershed 19
120

Number of woodlands

100
80

Scenario 1
Scenario 2

60

Scenario 3a & 3b
Scenario 4

40
20
0
0-2

2-4

4-10

10-30

30-50

>50

Area category (ha)

#4: Number of woodland patches >10ha

Number of woodland patches

35
30
25
20
15
10
5
0
Scenario 1

Scenario 2

Scenario 3a & 3b

Scenarios
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Scenario 4

Percent 100m woodland core area

#5: Woodland 100m core area in Subwatershed 19

10.00

8.00

Recommended woodland
100m core guideline

6.00

4.00

2.00

0.00
Scenario 1

Scenario 2

Scenario 3a & 3b

Scenario 4

Scenarios

#6: Woodland 200m core area in Subwatershed 19

Percent 200m woodland core area

5.00

4.00

Recommended woodland
200m core guideline

3.00

2.00

1.00

0.00
Scenario 1

Scenario 2

Scenario 3a & 3b

Scenarios
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Scenario 4

#13: Woodland area within Greenbelt NHS
Expressed as percent of watershed area

Percent woodland area

30%
25%
20%
15%
10%
5%
0%
Scenario 1

Scenario 2

Scenario 3a & 3b

Scenarios
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Scenario 4

Scenario
1

Scenario
2

Scenario
3a

Scenario
3b

Scenario
4

Woodland Cover (ha)

952

896

1408

1408

2036

Woodland Cover (%)

16

15

23

23

34

Wetland Cover (ha)

369

344

369

369

369

Wetland Cover (%)

6.1

5.7

6.1

6.1

6.1

Woodland size distribution:
•
0-2
•
2-4
•
4-10
•
10-30
•
30-50
•
>50

100
26
26
16
4
1

98
26
25
15
4
1

105
20
21
18
6
7

105
20
21
18
6
7

81
16
19
16
4
13

Woodland patches >10 ha

21

20

30

30

31

Woodland Interior Area
(100 m Core Area) (ha)

52

48

106

106

390

Woodland Interior Area
(100 m Core Area)
(% of woodland)
Woodland Interior Area
(200 m Core Area (ha)
Woodland Interior Area
(200 m Core Area
(% of woodland)
Proximity to bioregional corridors
(Woodland within Greenbelt NHS (%)

5.5

5.3

7.5

7.5

19.1

1.5

0.5

2.2

2.2

44.4

0.15

0.05

0.16

0.16

2.2

13

13

18

18

25
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APPENDIX C
EVALUATION OF MANAGEMENT SCENARIOS –
CATCHMENT SUMMARY
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Table C1: Evaluation results for the Monora Creek Tributaries catchment zone.

Objective

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

0.0

8.3

0.5

7.3

5

2

2.00

0.0

10.0

6.0

5.0

6

1

NA

NA

NA

NA

NA

7

1

NA

NA

NA

NA

NA

8

4

6.3

2.5

7.8

7.3

6.5

9

9

4.4

2.2

7.6

6.1

6.3

10

1

NA

NA

NA

NA

NA

11

1

8.0

7.0

7.0

7.0

7.0

12

1

5.0

0.0

8.0

8.0

10.0

32

12

49

35

42

TOTAL SCORE (Maximum 60)

1.

Total Score of Indicators1

Number of
Indicators

NA = Not applicable. The Indicator’s Measurable Parameters are not included in this evaluation as they were scored across the entire Subwatershed and not
by catchment zones.
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Table C2: Evaluation results for the Mill Creek catchment zone.
Objective

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

0.0

9.0

4.7

8.7

5

2

2.0

0.0

5.0

2.5

5.0

6

1

NA

NA

NA

NA

NA

7

1

NA

NA

NA

NA

NA

8

4

6.3

0.0

8.0

5.8

8.0

9

9

2.9

1.3

7.9

5.9

7.8

10

1

NA

NA

NA

NA

NA

11

1

3.0

3.0

3.0

3.0

3.0

12

1

5.0

3.0

8.0

8.0

10.0

26

7

41

30

42

TOTAL SCORE (Maximum 60)

1.

Total Score of Indicators1

Number of
Indicators

NA = Not applicable. The Indicator’s Measurable Parameters are not included in this evaluation as they were scored across the entire Subwatershed and not
by catchment zones.
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Table C3: Evaluation results for the Eastern Tributaries catchment zone.

Objective

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

0.0

4.0

3.7

4.3

5

2

10.0

0.0

5.0

5.0

5.0

6

1

NA

NA

NA

NA

NA

7

1

NA

NA

NA

NA

NA

8

3

5.0

2.7

7.0

5.7

6.6

9

9

6.2

5.3

6.3

6.3

6.2

10

1

NA

NA

NA

NA

NA

11

1

9.0

9.0

9.0

9.0

10.0

12

1

5.0

0.0

10.0

10.0

10.0

42

17

41

40

42

TOTAL SCORE (Maximum 60)

1.

Total Score of Indicators1

Number of
Indicators

NA = Not applicable. The Indicator’s Measurable Parameters are not included in this evaluation as they were scored across the entire Subwatershed and not
by catchment zones.
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Table C4: Evaluation results for the Caledon Tributaries catchment zone.

Objective

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

5.0

6.3

5.3

7.0

5

2

10.0

4.5

6.5

6.

5.0

6

1

NA

NA

NA

NA

NA

7

1

NA

NA

NA

NA

NA

8

4

6.3

3.5

4.8

3.5

5.

9

9

6.0

3.3

6.0

6.1

6.3

10

1

NA

NA

NA

NA

NA

11

1

8.0

8.0

9.0

9.0

10.0

12

1

5.0

4.0

10.0

8.0

8.0

42

28

43

38

41

TOTAL SCORE (Maximum 60)

1.

Total Score of Indicators1

Number of
Indicators

NA = Not applicable. The Indicator’s Measurable Parameters are not included in this evaluation as they were scored across the entire Subwatershed and not
by catchment zones.
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Table C5: Evaluation results for the Credit River catchment zone.

Objective

Scenario 1

Scenario 2

Scenario 3a

Scenario 3b

Scenario 4

4

3

6.7

0.3

7.0

3.3

7.0

5

2

10.0

0.0

10.0

4.5

10.0

6

1

NA

NA

NA

NA

NA

7

1

NA

NA

NA

NA

NA

8

3

5.0

4.0

9.0

4.3

8.7

9

9

3.1

1.7

6.2

4.4

6.0

10

1

NA

NA

NA

NA

NA

11

1

9.0

9.0

9.0

9.0

9.0

12

1

5.0

1.0

10.0

5.0

10.0

39

16

51

31

51

TOTAL SCORE (Maximum 60)

1.

Total Score of Indicators1

Number of
Indicators

NA = Not applicable. The Indicator’s Measurable Parameters are not included in this evaluation as they were scored across the entire Subwatershed and not
by catchment zones.
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