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Preface
Within the context of current legislation, policies, and science relating to stormwater
management (SWM), this document provides additional guidance with respect to the
Toronto and Region Conservation Authority’s (TRCA’s) specific water management
strategies and programs, building on the principle that the establishment of appropriate,
effective, and sustainable SWM practices requires a solid understanding of the form,
function, and interrelation of the water resources and natural heritage systems.
This document provides guidance in the planning and design of stormwater management
infrastructure for developers, consultants, municipalities, and landowners, and outlines
the processes and infrastructure needed to address flooding, water quality, erosion, water
balance, and natural heritage. While this document addresses SWM throughout TRCA’s
jurisdiction, a review of site specific conditions is recommended to ensure that any
necessary variations on these requirements are identified early in the planning and design
process, through thorough consultation with all affected agencies and stakeholders, to
maintain sound engineering and environmental practices.
This TRCA SWM Criteria document has been organized as follows:
Chapter 1:

Provides an introduction and the purpose of this document, and the
overall goals for SWM within TRCA watersheds.

Chapter 2:

Summarizes the procedures provided in the ensuing chapters to develop
an overall SWM strategy for a proposed development or related project.

Chapters 3
through 6:

Outline TRCA’s environmental design criteria with respect to stormwater
quantity, quality, erosion, and water balance, and provide guidance on
the studies and methodologies to be undertaken to identify specific
targets as they relate to these individual components of SWM.

Chapter 7:

Provides guidance with respect to the planning and design of SWM
practices within TRCA watersheds.

Appendix A:

Provides information relating to flood control and the unit flow
relationships that exist within TRCA watersheds.

Appendix B:

Provides the geomorphologic methodologies and analyses pertaining to
stream erosion.

Appendix C:

Provides detailed methodologies, guidance, and data associated with the
analysis of water balance to maintain recharge/infiltration.

Appendix D:

Provides detailed methodologies, guidance, and data associated with the
analysis of water balance to protect natural features including wetlands,
woodlands, and watercourses.

Appendix E:

Provides information and guidance relating to the design of SWM ponds,
including outlet details and planting guidelines.
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1

Introduction
1.1

The Need for Effective Stormwater Management

The practice of managing stormwater is continuing to evolve as the science of watershed
management and understanding of our watersheds grow. Effective management of
stormwater is critical to the continued health of our streams, rivers, lakes, fisheries and
terrestrial habitats. In simple terms, precipitation that lands on the ground surface is
distributed in several directions. Some of the water infiltrates the ground (infiltration),
some of it runs off the surface (runoff), and much of the remainder either evaporates or is
consumed by plants (evapotranspiration). This is referred to as the water budget. In
natural settings, the presence of vegetation and the lack of hard surfaces define this
distribution such that a relatively small part of the rainfall produces runoff. In built
communities, the introduction of hard surfaces and the
reduction in vegetated cover alter this proportion such
Effective stormwater
that significantly more runoff is generated, and less water
management is needed to
is taken up by evapotranspiration from natural vegetation
manage the quantity and
or makes its way into the ground to naturally recharge our
quality of runoff generated
streams, wetlands, and groundwater resources.
by our communities
During storm events, the increase in surface runoff
usually generated by our communities can result in
flooding and erosive damage to our streams and structures. In addition, human activity
produces pollution, which in combination with the increased runoff can degrade the
quality of our water resources. Together these by-products of urbanization also degrade
our natural heritage systems, and can cause hydrological, water quality, and ecological
impacts to natural heritage features. Past approaches to SWM have altered natural flow
patterns, by redirecting rainfall away from source areas (where it falls) to concentrated
points well downstream. This causes a fundamental change in the hydrology of
catchments, impacting the volume, frequency, duration, timing, and distribution of flow.
More recent approaches aim at managing water on a smaller scale by distributing it across
the landscape instead of at a single point downstream. The resulting criteria promote
these new approaches to water management, which more closely replicate predevelopment hydrology.

1.2

Policy Framework

The Conservation Authorities Act was legislated by the Province of Ontario in 1946, in
response to concerns expressed by agricultural, naturalist, and sportsmen’s groups who
observed that much of the renewable natural resources of the province were in an
‘unhealthy state’ due to poor land, water, and forestry practices during the 1930’s and
1940’s. The combined impacts of drought and deforestation led to extensive soil loss and
flooding.
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With decades of practical experience in protecting our environment, education, and
engaging communities, Ontario’s Conservation Authorities (CAs) work with governments,
businesses, and individuals to build a greener, cleaner, healthier place to live. The
Conservation Authorities Act mandates CAs to prevent, eliminate, or reduce the risk to life
and property from flooding and erosion, and to encourage the protection and regeneration
of natural systems. Through study, management, and enforcement, Ontario’s CAs work
with municipal, provincial, and private sector partners to maintain the safety, quality, and
sustainability of the water resources within our communities. CAs also have Memoranda of
Understanding (MOUs) with their partner municipalities to ensure that the tenets of the
Provincial Policy Statement (PPS) are upheld, and that no adverse effects to significant
natural features result from development applications approved through the Planning Act.

1.3

Purpose of the Document

This Stormwater Management Criteria document has been prepared to supplement the
Planning and Development Procedural Manual (PDP Manual, 2007) with more detailed
direction regarding the Stormwater Management (SWM) component of development
approvals. Within TRCA’s jurisdiction, the PDP Manual outlines the information, fees, and
other requirements needed when seeking development approvals from TRCA.
The purpose of this document is to consolidate and build upon current design guidelines
and requirements relating to SWM from watershed plans and hydrology studies, and
provide additional and specific detail for those areas within TRCA’s jurisdiction. Figure 1-1
shows TRCA’s jurisdiction, watersheds and municipal boundaries. Referenced documents
include the Ministry of the Environment’s Stormwater Management Planning and Design
Manual (SWMPD, 2003), the TRCA/CVC Low Impact Development Stormwater Management
Planning and Design Guide, Version 1.0(TRCA/CVC, 2010) and TRCA’s PDP Manual, noted
above.



This document provides
guidance in the planning and
design of stormwater
management infrastructure
for developers, consultants,
municipalities, and
landowners, and outlines the
processes and infrastructure
needed to address flooding,
water quality, erosion, water
balance, and natural
heritage.

The Stormwater Management Criteria document
articulates a SWM planning framework, with associated
criteria, to be applied at the various stages of the
planning process, ranging from Official Plan and
Secondary Plan studies through to plans of subdivision
and site plans. Together the planning process and the
design criteria provide a procedure for the selection of
the most appropriate approaches to SWM.

The criteria described in this document may be
augmented or in some cases superseded by legislative
requirements or unique situations. For example, the
water quantity control (flood protection) targets as
defined in Section 3 are based on various independent
Hydrology Studies. These targets may be superseded or refined by the completion of
subsequent and more detailed studies, such as Master Environmental Servicing Plans
(MESPs) or Subwatershed Studies (SWSs), which may include regional flood assessments.
Similarly, legislation or drainage policy from other agencies such as the Ministry of
Transportation (MTO) and local municipalities may require additional consideration in the
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definition of site targets where subject sites discharge to highway drainage or municipal
storm sewer systems.
As quantity and quality control practices have a greater history of application, this
document provides a comparatively broader description of the objectives, methodologies,
and requirements associated with the erosion and water balance components of SWM.

1.4

Transition of the Document

It is the intent that criteria presented in this document and the associated permitting
process will apply to all new Applications submitted under the Planning Act after
September 7, 2012 with the exception of all new Applications subject to supporting
Technical and Environmental documents which are either approved, accepted or
sufficiently advanced in the review and approval process with TRCA since September 7,
2002, in which case, the policies utilized to establish the requirements for the application
will be utilized.
Works completed or in progress on all development related Applications will be duly
recognized and the extent of works completed will be taken into account in establishing a
reasonable and mutually acceptable go forward strategy to final acceptance of the
Application. The criteria presented in this document are not intended to re-set the
Application review process. Background documents that are substantially advanced;
Master Environmental Servicing Plans reviewed at least once by TRCA and prepared under
a Terms of Reference accepted by TRCA; and other technical works that required
substantial time and effort to prepare will be recognized and accredited.

1.5

Stormwater Design Criteria

Stormwater criteria are generally defined at the early stages of watershed and
subwatershed studies. The design criteria are frequently refined to reflect the different
scale of studies that are undertaken as development proceeds. For example, at the
watershed scale, targets for flood control may consist of flow rates defined at the outlet
of the subwatershed for the 2 through 100 year and Regional storms, while the focus at the
site plan scale is on site release rates. Environmental design criteria are provided to:
 Prevent any increases in flood risk potential;
 Maintain runoff volume, frequency, and duration from frequent storm events;
 Protect water quality;
 Preserve groundwater and baseflow characteristics;
 Prevent undesirable geomorphic changes in watercourses; and,
 Maintain an appropriate diversity of terrestrial and aquatic life and opportunities for
human uses.
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The design criteria include flood protection, water quality, erosion control, and water
balance (for both groundwater recharge and protection of natural features), and are
developed considering the interactions and cumulative effects which may be expected
from urban growth. Cumulative impacts refer to the combined effect of numerous single
developments. Urban development in the absence of an MESP, watershed, and/or
subwatershed plan is discouraged because of the difficulty in addressing many
environmental impacts at a plan of
In general, targets are to be
subdivision or site plan level. In cases where
established through a comprehensive
development is proposed but guidance from a
environmental study that defines both
watershed or subwatershed plan is not
available, TRCA staff should be consulted
the existing, pre-development flows
with respect to the definition of appropriate
and the future anticipated postdesign criteria.
development flows.
In some cases, the subwatershed plan has
been completed but the environmental design criteria are
In all cases, it is
outdated. This may be particularly true for studies that are
recommended that
more than five years old and where design criteria relating
proponents consult with
to erosion and water balance have not been adequately
TRCA and municipal staff
defined. In such cases, TRCA staff should be consulted
with respect to the definition of appropriate design
to confirm the criteria
criteria.
and approaches to be
d
Notwithstanding the above, the following sections of this
document provide an overview of the environmental design criteria which should be used
as a basis for the planning and design of SWM infrastructure. The collective intent of these
criteria is to minimize the impacts of development and urbanization on the natural water
cycle. To this end, mechanisms that strive to maintain water balance should be
considered essential, as maintenance of the natural water cycle will inherently mitigate
impacts associated with flood risk, water quality, erosion, groundwater recharge, and the
related impacts to natural heritage features.

TORONTO AND REGION CONSERVATION AUTHORITY  AUGUST 2012 VERSION 1.0



STORMWATER MANAGEMENT CRITERIA

2

Stormwater Management Design Process
2.1

Project Scale and the Planning Process

Development and infrastructure planning processes span a wide range of scales and scopes,
and accordingly there are both common and unique aspects to these processes requiring
consideration when establishing the SWM plan for a project. SWM plans must include an
evaluation of the hydraulic, hydrologic, geomorphic, hydrogeologic, and ecological
conditions of a subject area, and be designed to address quantity, quality, erosion, and
water balance (including both groundwater
recharge and water balance for natural features),
 Criteria provided in this document
as described in the subsequent sections of this
may not apply where a
document. In areas where a comprehensive
comprehensive environmental study
environmental study (e.g. subwatershed study)
has been completed and approved,
has been completed, and alternative design
and where the study has established
criteria for SWM are recommended, the specific
refined criteria based on detailed
criteria in this document may not apply. It is the
and location specific technical
applicant’s responsibility to confirm with TRCA
analysis.
and the appropriate municipality whether the
alternative environmental design criteria for
stormwater management recommended in the comprehensive environmental study are
appropriate or not.
The TRCA PDP Manual (2007) differentiates between several types of planning applications,
briefly described below. While the scale and level of detail may vary between the
different types of applications, this Stormwater Management Criteria document outlines
principles and processes that are universally applicable, with general variations as noted
below. It is normally preferred that projects at a smaller scale occur in areas where
comprehensive studies, such as subwatershed studies, have been completed, in order to
establish criteria within the context of the overall subwatershed area. Similarly,
consideration must be given to the existing state of a subject property to establish an
appropriate level of effort in establishing criteria. For example, infill and retrofit projects
will likely require a different approach from greenfield developments. In all cases,
consultation with municipal and TRCA staff is necessary to confirm the approaches and
criteria to be used.
Urban development without watershed/subwatershed planning is discouraged because of
the difficulty in addressing many environmental impacts at a plan of subdivision or site
plan level. It is strongly recommended that proponents consult with TRCA early in the
process to define environmental targets and criteria.
Official Plan Amendments, Secondary Plans, or “Block” Plans are normally supported by a
multi-disciplinary Master Environmental Servicing Plan (MESP) or similar technical study
that, with respect to water resources, includes a detailed and comprehensive evaluation of
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the subject area and its catchment to define an appropriate SWM plan. The scale and
comprehensive nature of the required technical evaluations may yield refinements to the
targets and criteria described elsewhere within this document at later planning stages.
MESPs should include extensive consultation with municipal and TRCA staff to confirm the
approaches and criteria to be used.
Zoning By-law Amendments are required when a proponent wishes to use, alter, or develop
a property in a way that does not conform to the existing Zoning By-law. Depending on
the nature and extent of the proposed change, a SWM plan may be required, usually as
part of a Functional Servicing Plan. The scale of these types of projects necessitates a
greater level of detail in the evaluation of site conditions, and increased focus on the
sensitivities of local features to the potential impacts of proposed works.
Plans of Subdivision are required to support the subdivision of land into three or more
parcels, and are typically supported by the detailed design of proposed infrastructure,
often preceded by a Functional Servicing Plan or MESP. The SWM plan for this type of
application must consider the criteria presented in this document, as well as the findings
of approved subwatershed studies, MESP’s, or similar studies that encompass the subject
lands. The scale of these types of projects necessitates a greater level of detail in the
evaluation of site conditions, and increased focus on the sensitivities of local features to
the potential impacts of proposed works.
Site Plans deal with the specifics of site design for development proposals, and these are
typically supported by Functional Servicing Plans and the detailed design of infrastructure.
The SWM plan for this type of application must consider the criteria presented in this
document, as well as the findings of approved subwatershed studies, MESP’s, or similar
studies that encompass the subject lands. The scale of these types of projects
necessitates a greater level of detail in the evaluation of site conditions, and increased
focus on the sensitivities of local features to the potential impacts of proposed works.
Consents (Severances) and Minor Variances respectively refer to authorized separations of
land parcels and minor changes to existing zoning provisions. These types of undertakings
require supporting technical analyses and suitable provision for SWM requirements, with
the degree of complexity dependent on the nature and extent of the works proposed by
the application.
Single Lot Residential Development (<0.5 ha) For these types of undertakings, best efforts
approach (i.e. implementing roof drain disconnection, rain garden, soakaway pit,
permeable pavement, etc. ) should be made to achieve the SWM requirements specified in
this document with the degree of complexity dependent on the nature and extent of the
works proposed by the proponent.

2.2

Design Process

As described in Section 1.1, SWM is a necessary component of urban infrastructure.
Effective SWM is needed to manage the quantity and quality of runoff generated by our
communities in order to prevent these impacts. A SWM plan must consider two scales of
precipitation events:
 Management of large events is needed to prevent increased flood risk and undue
inundation of natural systems; and,
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 Maintenance of natural or predevelopment hydrology is needed to minimize the volume
of runoff leaving a site, which will reduce the dependence of developments on
downstream infrastructure, respect the sensitivities of natural receiving systems, and
continue the replenishment of groundwater resources.
At both scales, the management of water quality is critical to minimize the potential for
the contaminants generated by our communities to harm the surrounding environment.
Although separate approaches have been provided for flood protection, water quality,
erosion control, and water balance, it should be emphasized that achieving the required
design criteria for all of these categories will be dependent upon minimizing the impact
that urbanization has on the water balance. Urbanization, if not dealt with appropriately,
will result in significant alteration of the natural water balance. This, in turn, can cause
watercourses, and other natural features, to experience less water during dry weather
periods. It can also reduce the amount of rainfall available to recharge groundwater,
sustain aquifers, and maintain ecological processes dependent on groundwater discharge.
It can also increase surface runoff, degrade water quality, and aggravate erosion.
Designing a SWM system that manages both peak flows and the volume of runoff through
encouraging water to infiltrate into the ground, evapotranspire, and/or be re-used, is
critical to sustaining surface and groundwater inputs to natural features that rely on that
surface and groundwater regime.
Managing the water balance will therefore be
paramount if appropriate design criteria are to be met for flood protection, water quality,
erosion control, and water balance.
The following steps and Figure 2-1 describe the scope of analysis that must be undertaken
to develop a SWM plan that achieves these objectives. This process may be applied to all
the planning application types described in Section 2.1, but projects that are larger in
scale, such as those required to support Secondary Plans, will typically require more effort
to understand the existing site conditions and the role of the study area within a
watershed context, particularly where the project is in an area that does not have a
current or approved watershed-scale environmental study to provide guidance.
Figure 2-1: Scope of Analysis to Define the Stormwater Management Plan

NO

understand site
conditions and
(sub)watershed

define
stormwater
design criteria

screen SWM
practices

select SWM
practices

assess
effectiveness

meets
design
criteria?

YES

proceed to
detailed design

Step 1 – Understand Site Conditions: A complete definition of pre-development site
conditions is essential prior to screening of potential SWM practices. The designer should
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prepare maps describing site conditions, to ensure that all environmental features and
functions that need consideration in accordance with provincial, municipal and
conservation authority development regulations/policies are identified. In addition,
information regarding native soil types, infiltration capacity and depth to water table must
be determined. These investigations together yield an understanding of the existing state
of a proposed development area, and form the basis for the analyses that must be
undertaken to prepare an appropriate SWM strategy.
Step 2 - Define SWM/Environmental Design Criteria: Once the site conditions are
established, the individual SWM components described in the following sections of this
document must be assessed to define the environmental design criteria relevant to the
site. The design criteria from any of the following categories may apply:
 Flood Protection (See Section 3);
 Erosion Control (See Section 4);
 Water Quality (See Section5); and,
 Water Balance (See Section 6).
Step 3 - Screen Potential Stormwater Management Practices: A number of factors need to
be considered when screening the suitability of a given location within a development site
for application of SWM practices. A treatment train approach using source, conveyance,
and end-of-pipe facilities, in combination with low impact development practices, should
be considered to meet the design criteria associated with water quantity, quality, erosion,
and water balance.
Step 4 - Selection of a Suite of Stormwater Management Practices: The short list of SWM
practices established in Step 3 can be reviewed, assessed, and refined to establish those
measures that, in combination, will achieve all the relevant environmental design criteria.
The product of this step is the overall SWM strategy for the proposed development.
Step 5 - Assessing the Effectiveness of the Stormwater Management Plan: Once the SWM
strategy has been defined, an assessment of the effectiveness of the strategy must be
undertaken with the aid of simulation, via either computer models or simple spreadsheet
analyses. Model selection will be based on the size and type of development. A wide
range of simple to complex computer models is available, with modeling guidance
provided in Section 2.3. If the assessment reveals that the SWM strategy will not achieve
the relevant environmental design criteria, Steps 3 through 5 must be revisited iteratively
until a SWM strategy is established that achieves the required objectives.
Step 6 - Detailed Design and Construction: The detailed design of SWM infrastructure for a
development can proceed once an effective SWM strategy has been established. Section 7
provides design guidance in the design of SWM infrastructure specific to projects within
TRCA’s jurisdiction. During construction activity, SWM is largely focused on erosion and
sediment control practices. The Erosion and Sediment Control Guideline for Urban
Construction (Greater Golden Horseshoe Conservation Authorities, 2006) and Designer’s
Guide for Low Impact Development Construction (CVC, Draft, 2011) provides guidance on
the approaches and criteria to be applied during construction. Water management during
the construction phase may be required to protect natural features during interim
conditions.
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2.3

Modeling Guidance

Water resources computer models are an important tool in the evaluation of predevelopment conditions, post-development conditions (uncontrolled), and postdevelopment conditions with SWM infrastructure in place (controlled). Table 2-1 provides
a listing of the recommended computer models and typical applications to be used within
TRCA’s jurisdiction. Modeling software and approaches not listed here, including
spreadsheet models, can be applied, but require additional demonstration of the validity
and suitability of the model, and review and confirmation by TRCA staff. The TRCA/CVC
Low Impact Development Stormwater Management Planning and Design Guide, Version 1.0
(TRCA/CVC, 2010) provides guidance on the design of Low Impact Development practices.
Modelling of low impact development applications will require consultation with TRCA due
to the new and evolving nature of these technologies.
Table 2-1: Computer Model Recommendations

Application

Model Recommendations

Additional Guidance

Hydrology (Single Event)


event based hydrologic
modeling to establish flow rates
and design of peak reduction
and attenuation facilities



Visual Otthymo
(www.clarifica.com/products/est/v
02/home.htm)



Single event models should
utilize intensity-durationfrequency curves
established by the local
municipality or TRCA
watershed specific
distributions.



SWMHYMO
(www.jfsa.com/html/software.htm)



SWMM
(www.chiwater.com/Software/PCS
WMM/index.asp)



QualHYMO (www.waterbalance.ca)



SWMM
(www.chiwater.com/Software/PCS
WMM/index.asp)



The period of record should
be selected based on the
objective of the analysis, in
consultation with TRCA and
municipal staff, and
pending data availability.



HEC-RAS
(www.hec.usace.army.mil/software
/hec-ras)



Wherever possible TRCA’s
established hydraulic
models should be used as a
base for any watercourse
analyses.



QualHYMO (www.waterbalance.ca)





SWMM
(www.chiwater.com/Software/PCS
WMM/index.asp)



HSPF



PRMS

The period of record should
be selected based on the
objective of the analysis, in
consultation with TRCA and
municipal staff, and
pending data availability.



MIKESHE

Hydrology (Continuous Simulation)




continuous hydrologic modeling
to calibrate flow rates and
utilize long term hydrometric
and meteorological data
evaluation of erosion potential

Hydraulics


hydraulic modeling of
watercourses to evaluate flood
limits and design of hydraulic
structures

Water Balance


2.4

continuous hydrologic
simulation utilizing long term
hydrometric and meteorological
data

Practitioner Credentials

The evaluation, planning, and design of SWM systems fall within the practices of Water
Resources and Civil Engineering. As a result, these works should be undertaken and
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overseen by professionals with education, experience, and certification in Water Resources
Engineering and/or Civil Engineering Technology.
The multi-disciplinary nature of successful SWM systems within the context of urban
development requires integrated and collaborative design teams with expertise and
credentials in the fields of engineering, planning/architecture, hydrogeology,
geomorphology, ecology, and others.

2.5

Summary of Stormwater Management Design Criteria

A summary of SWM design criteria is provided in Table 2-2. Further information is provided
in subsequent sections and their respective appendices.
Table 2-2: Summary of Stormwater Management Design Criteria

Stormwater Management Design
Criteria

Additional Information / Comments

STORMWATER QUANTITY (Section 3)


Control Peak Flows to the
appropriate Watershed Flood Control
Criteria as shown in Table 3-1.



Unit Flow Rates for predevelopment
conditions are provided in Appendix
A



Hydrologic study and Regional Flood assessments may be required
in areas outside current planning horizons (i.e. beyond urban
boundaries) or where existing models are out-dated



At the subwatershed study or MESP scale, or for sites discharging
to sensitive watercourse reaches, detailed erosion analyses are
required to establish suitable erosion criteria



Consultation with TRCA staff is required to establish erosion
methodologies and criteria, particularly where more detailed
erosion analyses are required per Figure 4-1.

EROSION (Section 4)


At a minimum retain 5 mm on site
where conditions do not warrant the
detailed analyses described in
Section 4.3.



If a site drains to a sensitive creek,
or a subwatershed study or MESP is
required, then the proponent must
complete a geomorphologic
assessment study to determine the
site appropriate erosion threshold
(Details provided in Appendix
A)(refer to Figure 4-1).



Appendix B provides detailed guidance on the evaluation of
stormwater management criteria pertaining to erosion

For sites with SWM ponds, 25mm48hr detention may also be required,
depending on the results of the
erosion assessment

STORMWATER QUALITY (Section5)


Enhanced Level of Protection (80%
TSS removal) as per the latest MOE
SWMPD Manual is required.



Where applicable, mitigate potential
thermal and bacteriological impacts.



Refer to TRCA/Credit Valley Conservation (CVC)’s LID Guide
(2010) for LID design guidance



For stormwater management facility design, planting plan and
outfall design guidance are provided in Appendix E.



Refer to CVC Study Report: Thermal Impacts of Urbanization
including Preventative and Mitigation Techniques (2011)



Designers should consult with MNR for development adjacent to
species at risk or their habitats.



Where applicable, water quality controls should be further
informed by goals and objectives arising out of applicable
subwatershed studies and source water protection plans.
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Stormwater Management Design
Criteria

Additional Information / Comments

WATER BALANCE (Section 6)






For Significant, Ecologically
Significant, and High Volume
Groundwater Recharge Areas (SGRA,
EGRA and HGRA), site specific water
balance analyses and maintenance of
recharge are required.
For Low Volume Groundwater
Recharge Areas (LGRA), site specific
water balance analyses are typically
not required, and best efforts to
maintain recharge are expected.
For natural features (woodlands,
wetlands, watercourses) maintain
hydrologic regimes and hydroperiods.



At the subwatershed study or MESP scale, site specific water
balance analyses are required, and maintenance of recharge may
be required pending the outcome of the analyses, per Figure 6-1.



Regardless of the Recharge Area Type (SGRA, etc.), presence of a
sensitive ecological feature that may be impacted by
development triggers the need for a site specific water balance
analysis and maintenance of recharge, per Section 6.2.2.



Planning and design of infiltration facilities must consider soil
conditions, depth to water table, and the presence of vulnerable
areas such as Wellhead Protection Areas (WHPA’s, AppendixD).
Infiltration of untreated stormwater from some sources (e.g.,
industrial facilities, roads, parking lots) to the groundwater may
be prohibited.



Consultation with TRCA is required to establish water balance
methodologies and criteria, particularly for sensitive ecological
features where baseline monitoring is necessary to establish
appropriate criteria, per Figure 6-2.

It is important to note that the criteria outlined in Table 2-2 represent a minimum
requirement that may be superseded by the results of further studies and local constraints,
proponents should consult with TRCA staff to confirm the criteria and discuss variances if
necessary. In addition, some proposed SWM approaches may address multiple criteria
simultaneously. For example, an erosion target of 5mm and a water balance target of
12mm are not cumulative – a site target of 12mm will address both the erosion and water
balance criteria.
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Stormwater Quantity (Flood)
3.1

Stormwater Quantity (Flood) Control Objective

The purpose of stormwater quantity (Flood) control criteria is to protect downstream
properties from flood increases due to upstream development. TRCA has completed
Hydrologic Studies and Subwatershed-level Stormwater Management Studies to
characterize flood flow rates, define the location and extent of Flood Damage Centers,
assess the potential impact of further urbanization, and to establish flood control targets
for future SWM planning.

3.2

Stormwater Quantity (Flood) Control Criteria

For select watersheds, including the Humber River, Don River, Carruthers, Etobicoke and
Duffins Creek, unit flow relationships are available to define pre-development flow
targets. More information regarding the unit flow relationships is provided in Appendix A.
It should be noted that stormwater quantity control is not required for all areas, and in
particular those areas draining directly to Lake Ontario.
Table 3-1 summarizes the stormwater quantity (flood) control criteria which are in place
for the watersheds in TRCA’s jurisdiction, together with background modeling information
and report references.
The same design storm distribution as used in the approved hydrology model should be
used when addressing quantity management criteria. Existing watershed boundaries and
drainage patterns should be maintained and pre-development drainage areas must be used
to determine the allowable release rate when using the unit flow rate equations.
Table 3-1: TRCA Stormwater Quantity (Flood) Control Criteria
Watershed
Amberlea
Creek

Water Quantity Control Criteria

References and Notes

 There are no flood flow requirements for lands outletting directly
to Frenchman's Bay.

 Hydrologic Model: VISUAL
OTTHYMO.

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms) for all other areas.

 Return period peak flows
based on 6 hour AES
event.
 Hydrology Study:
Amberlea Creek
Hydrology and Flood Plain
Mapping Study (Aquafor
Beech, March 2005)
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Watershed
Carruthers
Creek

Don River

Water Quantity Control Criteria

 Hydrologic Model: VISUAL
OTTHYMO.

 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm

 Hydrology Study:
Hydrology Update
Report, Carruthers Creek
Watershed, 2011 (Cole
Engineering Ltd.)

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e. 2, 5, 10,
25, 50, and 100 year storms).

 Hydrologic Model: VISUAL
OTTHYMO.

 Unit flow rates have been established (see Appendix A) and
should be used for all sites located north of Steeles Ave. that are
greater than 5 ha.

Duffins
Creek

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms) except for the main branches of
the East and West Duffins where no quantity control is required
(see Appendix A)
 Unit flow relationships have been established (see Appendix A)
and should be used for all sites located in the Duffins Creek
Watershed
 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm

Dunbarton
Creek

References and Notes

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms) using the unit flow relationships
that have been established for the entire watershed (see
Appendix A )

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms)

 Return period peak flows
based on 24 hour AES
event.

 Return period peak flows
based on 12 hour SCS
event.
 Hydrology Study: Don
River Hydrology Update
(Marshall Macklin
Monaghan Ltd.,
December 2004)
 hydrologic model:
VISUAL OTTHYMO
 Return period peak flows
based on the AES - 6 hour
design storm.
 Hydrology study: Duffins
Creek Hydrology Update"
(Aquafor Beech Ltd., May
2002)

 Hydrologic Model: VISUAL
OTTHYMO.
 Return period peak flows
based on the AES – 1 hour
design storm.
 Hydrology Study:
Stormwater Management
Master Plan, Frenchmans
Bay, April 2009 (MMM
Group Ltd.)

Frenchmans
Bay

 No quantity control required for sites draining directly to
Frenchmans Bay.

 Hydrologic Model: VISUAL
OTTHYMO.

 For all other areas, control post-development peak flows to predevelopment levels for all storms up to and including the 100 year
storm (i.e., 2, 5, 10, 25, 50, and 100 year storms)

 Hydrology Study:
Stormwater Management
Master Plan, Frenchmans
Bay, April 2009 (MMM
Group Ltd.)
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Watershed
Etobicoke
Creek

Water Quantity Control Criteria
 Control post-development peak flows to 85% of pre-development
levels for all storms up to and including the 100 year storm (i.e.,
2, 5, 10, 25, 50, and 100 year storms) for the following reach:
 Headwaters: north of Old School Road and west of McLaughlin

Road
Unit flow rates have been established (see Appendix A) and should
be used for all sites that require control
 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms) for the following reach:

References and Notes
 Hydrologic Model: VISUAL
OTTHYMO
 Return period peak flows
based on the AES - 6 hour
design storm.
 Hydrology Study:
"Etobicoke Creek
Hydrology Update”
(Totten Sims Hubicki,
2007)

 Headwaters: east of McLaughlin Road, between Mayfield and

Old School Road
 Spring Creek: north of Bovaird Drive
 Little Etobicoke Creek

Unit flow rates have been established (see Appendix A) and should
be used for all sites that require control
 For all other tributaries and reaches, post to pre development
quantity controls are not required
 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm
Highland
Creek

 Control post development peak flows to pre-development levels
for all storms up to and including the 100 year storm (I.e. 2, 5, 10,
25, 50 and 100 year storms)

 Hydrologic Model: VISUAL
OTTHYMO.
 Return period peak flows
based on 6 hour AES
event.
 Hydrology Study:
Highland Creek Hydrology
Update (Aquafor Beech
Ltd., December 2004)

Humber
River

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms) except for the main branches of
the Lower, Main, East, Upper and West Humber where no quantity
control is required (see Appendix A)
 Unit flow relationships have been established (see Appendix A)
and should be used for all other sites located in the Humber River
Watershed not discharging to the main channels listed above.

Krosno
Creek

 Hydrologic Model
SWMHYMO
 Return period peak flows
based on 6 & 12 hours
AES (basin specific Tributary Based Control
Strategy)

 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm

 Hydrology Study: "Humber River Watershed
Hydrology Update"
(Aquafor Beech Ltd.,
Nov. 2002)

 No quantity control required for sites draining directly to
Frenchmans Bay.

 Hydrologic Model: VISUAL
OTTHYMO.

 For all other areas, control post-development peak flows to predevelopment levels for all storms up to and including the 100 year
storm (i.e., 2, 5, 10, 25, 50, and 100 year storms)

 Return period peak flows
based on the Chicago - 4
hour design storm.
 Hydrology Study:
Stormwater Management
Master Plan, Frenchmans
Bay, April 2009 (MMM
Group Ltd.)
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Watershed
Mimico
Creek

Water Quantity Control Criteria
 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e., 2, 5,
10, 25, 50, and 100 year storms)

References and Notes
 Hydrologic Model: VISUAL
OTTHYMO
 Return period peak flows
based upon 12 hour AES
distribution
 Hydrology Study: “Mimico
Hydrology Update
(Marshall Macklin
Monaghan, 2009)

Petticoat
Creek

 Upstream of Finch Ave., control post-development peak flows to
pre-development levels for all storms up to and including the 100
year storm (i.e., 2, 5, 10, 25, 50, and 100 year storms)
 No flood flow requirements downstream of Finch Ave.
 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm

Pine Creek

 Hydrologic Model: –
VISUAL OTTHYMO
 Return period peak flows
based upon 12 AES
distribution
 Hydrology Study:
"Petticoat Creek
Watershed Hydrology
Update” (Greenland
Consulting Engineers,
2005)

 No quantity control required for sites draining directly to
Frenchmans Bay.

 Hydrologic Model: VISUAL
OTTHYMO.

 For all other areas, control post-development peak flows to predevelopment levels for all storms up to and including the 100 year
storm (i.e., 2, 5, 10, 25, 50, and 100 year storms

 Return period peak flows
based on the AES - 1 hour
design storm.
 Hydrology Study:
Stormwater Management
Master Plan, Frenchmans
Bay, April 2009 (MMM
Group Ltd.)
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Watershed

Water Quantity Control Criteria

References and Notes

Rouge River

 Control post-development peak flows to pre-development levels
for all storms up to and including the 100 year storm (i.e. 2, 5, 10,
25, 50, and 100 year storms), for the following:

 Hydrologic Model: VISUAL
OTTHYMO (V2.0)

 Rouge River (main channel) and tributaries upstream of Major

Mackenzie Dr.
 Leslie Street Tributary upstream of Major Mackenzie Drive
 Beaver Creek (upstream of 16th Ave.)
 Carlton Creek
 Burndenett Creek, Robinson Creek and Exhibition Creek (all

upstream of 16th Ave.)

 Return period peak flows
based upon 12 AES
distribution
 Hydrology Study: "Rouge
River Watershed
Hydrology Update"
(Marshall Macklin
Monaghan, October 2001)

 Box Grove Tributary, Morningside Tributary
 Katabokokonk Creek
 Kennedy Rd Tributary, McCowan Rd. Tributary of the Little

Rouge River
 Bruce Creek upstream of 16th Ave
 Berczy Creek upstream of Warden Ave
 Hwy 48 Tributary
 Carlton Creek
 Ninth Line Tributary

 No flood flow requirements for:
 Main Rouge - downstream of Major Mackenzie Dr.
 Little Rouge River (downstream of the confluence of Kennedy

Rd McCowan Rd and HWY 48 Tributaries) near Elgin Mills Rd.
 Beaver Creek (downstream 16th Ave)
 Berczy Creek (downstream of Warden Ave)
 Bruce Creek downstream of 16th Ave
 Burndenett Creek, Robinson Creek and Exhibition Creek (all

downstream of 16th Ave)
 Note: Further study is required to determine the appropriate level
of control for lands draining to contributing tributaries of the
above noted watercourses.
 Development outside of the approved urban boundary when the
hydrology study was finalized may require Regional storm
protection, proponents should consult with TRCA staff to confirm

It is important to note that the criteria outlined in Table 3-1 may be superseded by the
results of further studies and/or based upon local constraints (e.g. flood vulnerable areas,
crossings, municipal servicing etc.). The present criteria are based on the municipal
official plans that were approved when the hydrology updates were completed. Therefore
hydrologic studies including regional flood control assessments (Section 3.3) may be
required for lands beyond the official plan land use designations. In all cases, it is
recommended that proponents consult with TRCA staff to confirm the criteria to be used.

3.3

Regional Flood Control

Historically, quantity control measures focused on storms up to and including the 100-year
return period event as impacts from land use changes on Regional (Hurricane Hazel) flows
were considered minor. However, recent studies (including TRCA’s Watershed Plans and
Hydrology updates) have shown that upstream urbanization has the potential to increase
flood risk in downstream areas for the regional storm. Currently, TRCA is in the process of
updating Watershed Hydrology studies to determine regional flood protection

TORONTO AND REGION CONSERVATION AUTHORITY  AUGUST 2012 VERSION 1.0

STORMWATER MANAGEMENT CRITERIA

requirements. Table 3-1 identifies the watersheds where regional flood protection may be
required, please consult with TRCA staff to confirm the planning, hydrologic modeling and
technical analysis requirements.

3.4

Stormwater Quantity (Flood) Control Practices

The MOE SWMPD Manual (2003), and to a lesser extent the CVC/TRCA LID Manual (2010),
describe a number of practices that can be implemented to provide quantity control
treatment of stormwater runoff as part of urban development. Examples of SWM practices
that can be applied to provide stormwater quantity control include:
 wet ponds;
 wetlands;
 dry ponds;
 infiltration facilities; and,
 low impact development practices.
Section 7 of this document provides specific guidance on the planning and design of SWM
infrastructure within TRCA’s watersheds.
Infiltration facilities and low impact development practices (such as bioretention and
rainwater harvesting) are typically designed to manage more frequent and lower
magnitude rainfall events. However, should these practices be designed for year round
functionality, with sufficient flood storage capacity, the volume reductions associated with
these practices will only be recognized where the local municipality has endorsed the use
of these practices and has considered long term operations and maintenance.
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Erosion
4.1

Erosion Control Objective

Natural rates of erosion are necessary for the maintenance of channel form and function.
As introduced in Section 1.1, land use changes can lead to increased rates of erosion due
to both an increase in the quantity of water and a decrease in the sediment supply.
Adverse effects of increased erosion include channel instability, degraded water quality
and aquatic habitat, and possible downstream hazards as a result of bank erosion and
channel migration. By applying site-appropriate SWM measures, the hydrologic changes
that lead to erosion can be largely mitigated. Cumulative impacts can also be addressed by
considering multiple land use modifications within a subwatershed.
The primary tool for the mitigation of erosion problems is the reduction of the peak and
duration of storm flows in addition to source controls to reduce the volume of runoff.
A target flow is usually defined for comparison between pre- and post-development
conditions. This target flow is usually defined as an erosion threshold, which is the flow
that theoretically can entrain bed or bank sediments within the most sensitive reach. In
defined watercourses these flows are based on bed and bank materials and channel
geometry. In natural systems, creeks regularly see flows that entrain and transport
sediment; this is part of the natural process that maintains creek form. Issues arise when
changes in the watershed’s hydrology results in an increase in the frequency or period of
erosive events, or a cumulative increase in the quantity of flow that can entrain and
transport sediment.
Appendix B provides a review of erosion sources and mitigation practices in southern
Ontario, and summarizes the evolution of erosion mitigation practices to the present day.

4.2

Erosion Control Criteria

As a minimum, where conditions do not warrant the detailed analyses described in Section
4.3, TRCA requires on-site retention of 5mm. For sites with SWM pond, extended detention
of the 25mm event for a period of 48 hours may also be required, depending on the results
of the erosion assessment. If a site drains to a sensitive creek, or if a subwatershed study,
MESP or similarly comprehensive study is required, then the proponent must complete a
geomorphologic assessment study to determine the appropriate erosion threshold and
volume requirement. The geomorphologic assessment should
 The minimum erosion
be conducted in consultation with the TRCA to verify critical
control requirement for
decisions and to confirm the scope of the analyses outlined
all watercourses within
above. It is important to note that the erosion criteria
TRCA’s jurisdiction is
outlined above (i.e. minimum on-site retention of the first
retention of the first
5mm) represent a minimum requirement that may be
5mm of every rainfall
superseded by the results of further studies and/or local
event.
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constraints (e.g. active valley land uses, crossings, etc.). In all cases, proponents should
consult with TRCA staff to confirm the criteria to be applied. Please refer to Appendix B
for more information.

4.3

Erosion Control Analysis Methodology

The overall methodology of defining erosion mitigation practices for a proposed
development or project is summarized in Figure 4-1, illustrating the minimum 5mm onsite retention requirement where comprehensive studies have not been completed, and
where the sensitivity of the receiving watercourses do not warrant a more comprehensive
analysis of the erosion potential associated with urban development. In cases where the
detailed analysis is required, Figure 4-1 summarizes the required methodology, with more
detailed information provided in Appendix B.
Figure 4-1: Erosion Scope of Analysis

desktop analysis
(using soils, land
cover, topography)

MESP /
SWS

NO

NO

sensitive?
(consult TRCA)

YES

rapid geomorphic
assessment (RGA)
incl. thresholds

(consult TRCA)

(windshield survey)

detailed
geomorphic
assessment (DGA)
incl. thresholds

YES

NO

YES

scope of field work
and hydrologic
modelling

min. on-site
retention
5mm

report SWM
requirements for
approval by TRCA

approved
continuous
hydrologic model
with calibration
(local rain data)

pre/post erosion
indices and control
requirements
(long term rain data)

(sections, d50, slopes,
bank properties)

Note: The noted minimum 5 mm retention volume requirement should be above the initial abstraction.

In general the detailed methodology yields the discretization of a watershed into relatively
homogeneous river reaches, the rapid assessment of the geomorphic stability of a reach,
and determination of the erosion threshold of a watercourse. Together these elements
provide the information necessary to compare pre- and post-development scenarios, and
define the measures required to effectively mitigate the erosion related impacts of
development. Continuous hydrologic modeling, with calibration, is necessary to establish
the pre- and post-development erosion indices and associated SWM requirements. Modeling
guidance is provided in Section 2.3 and Appendix B.

4.4

Erosion Control Practices

As with water quality control, the MOE SWMPD Manual (2003) describes a number of
practices that can be implemented to provide erosion control of stormwater runoff as part
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of urban development. Examples of SWM practices that can be applied to provide erosion
control include:
 wet ponds;
 wetlands;
 infiltration facilities; and,
 low impact development practices.
Section 7 of this document provides some guidance on the planning and design of SWM
practices within TRCA’s watersheds.
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5

Stormwater Quality
5.1

Quality Control Objective

Stormwater quality control criteria are necessary to protect receiving water bodies from
the water quality degradation that may result from development and urbanization. The
Ministry of Environment (MOE) administers a number of acts and regulations that are
concerned with the protection and conservation of water, and the quality of drinking
water supplied to the public, with associated requirements pertaining to SWM.
Furthermore, the federal Fisheries Act prohibits the deposit of deleterious substances into
waters that may degrade or alter the quality of water causing impact fish or fish habitat,
In the context of these regulatory provisions, both suspended solids and thermal warming
can be considered pollutants to the aquatic ecosystem. These principles form the basis for
TRCA’s requirements with regard to stormwater quality control.

5.2

Quality Control Criteria

The MOE SWMPD Manual (2003) provides technical and procedural guidance for the
planning, design, and review of SWM practices. In particular, the SWMPD Manual regulates
water quality treatment levels corresponding to the removal of a percentage of total
suspended solids (TSS) from runoff prior to discharge to the receiving water body.
The stormwater management criterion stipulates that all watercourses and water bodies
(e.g. Lake Ontario) within TRCA’s jurisdiction are classified as requiring an Enhanced level
of protection (80% TSS removal).
It is important to note that this criterion represents a
minimum requirement that may be superseded by the
results of additional studies and/or municipal and
provincial requirements. For example, the City of
Toronto’s Wet Weather Flow Management Guideline
requires treatment of E.coli bacteria for discharges
directly to Lake Ontario. Areas draining to Lake Wilcox
within the Town of Richmond Hill must also consider
phosphorus removal as part of the treatment strategy, in
accordance with Official Plan Amendment 129. Similarly, the Ministry of Natural Resources
(2007) has produced draft urban guidelines for the purposes of administering the
Endangered Species Act that recommends a threshold for discharge temperatures for
stormwater management facilities connected to Redside Dace streams. For areas with
coldwater species and other target species, it is recommended that SWM controls ensure
discharge temperatures meet ambient stream temperatures or within an acceptable
ecological range. Section 3 of the CVC Study Report “Thermal Impacts of Urbanization
including Preventative and Mitigation Techniques” (January 2011) provides further

 All watercourses and water
bodies within TRCA’s
jurisdiction are classified as
requiring an Enhanced level
of water quality protection,
equivalent to 80% TSS
removal.
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guidance on the planning and design of SWM infrastructure to address potential thermal
impacts.
Wetlands are essential parts of ecosystems and can be sensitive to adverse water quality
including chlorides from road salts. To maintain the health and ecological function, only
sources of clean water (e.g. roof drainage, rain collection systems etc.) should be allowed to
enter sensitive wetlands and the water balance should be managed with the intent to
maintain ecological functions and characteristics and hydrological functions under post
development conditions (see section 6).
In some cases, the catchments of riparian wetlands may be so large that the effect of the
development on the wetland will not be detectable and not require a water balance.
However, there may be instances where the sensitivity of riparian wetlands to the scale of
development proposed may be of concern, and the preference for water balance mitigation
in these instances will be to maximize the use of clean water. Therefore, it is recommended
to consult with TRCA staff to confirm the requirements if a wetland are located within the
catchment area of the proposed development.
As described in Section 2.2, construction stage SWM is largely focused on erosion and
sediment control practices. The Erosion and Sediment Control Guideline for Urban
Construction (Greater Golden Horseshoe Conservation Authorities, 2006), provides
guidance on the suitable SWM approaches and criteria to be applied during construction,
and can be downloaded from the TRCA and STEP websites.

5.3

Quality Control Practices

The MOE SWMPD Manual (2003) and the TRCA/CVC LID Manual (2010) describe a number of
practices that can be implemented to provide quality treatment of stormwater runoff as
part of urban development. Examples of SWM practices that can be applied to provide
stormwater quality control include:
 wet ponds;
 wetlands;
 infiltration facilities;
 low impact development practices; and,
 oil grit separators.
Section 7 of this document provides specific guidance on the planning and design of SWM
infrastructure within TRCA’s watersheds, and outlines the volumetric requirements of
different SWM practices to achieve the Enhanced level of treatment in accordance with
the provisions of the MOE SWMPD (2003).
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6

Water Balance
6.1

Water Balance Objectives

Section 1.1 described the balance of infiltration, runoff, and evapotranspiration that
exists in natural settings, as well as the imbalance that results through the introduction of
impervious surfaces, normally associated with development. For the purposes of this
document, water balance criteria have been established with the goal of protecting
groundwater, baseflow and natural features such as wetlands and woodlots.
Managing the water balance may require the incorporation of infrastructure as part of
development that endeavours to match the pre-development proportions of infiltration,
runoff, and evapotranspiration.
In contrast with quantity control approaches that focus on major return period events
(Section 3), water balance analyses are concerned with average and more frequent
precipitation events that comprise the bulk of the volume of annual precipitation. By
virtue of this design focus, maintenance of pre-development water balance can in part
address previously described SWM objectives associated with water quality (Section 5) and
erosion (Section 4).
Furthermore, measures that manage more frequent precipitation events can also in a small
way reduce the extent of flood control infrastructure required to manage major events.
Beyond these peripheral benefits, management of the water balance is necessary to
address development related impacts to both our groundwater resources and the natural
features that exist within and around our communities.
6.1.1 Groundwater Recharge
Groundwater recharge is a term that is widely used to describe the replenishment of the
groundwater system from precipitation. Urbanization and land use change introduce hard
surfaces to the landscape that reduce the degree to which the groundwater system can be
replenished by precipitation. The groundwater system is the
Multi-faceted
primary source of baseflow for many of our watercourses,
dependencies on the
and the nature of this source water yields the conditions
necessary to support many sensitive ecosystems. The
groundwater system
sensitivity of watersheds to changes in the groundwater
necessitate mitigation
regime has been established as part of the subwatershed
of the impacts that can
studies completed throughout TRCA’s jurisdiction. In
result from
addition, groundwater continues to be a source of drinking
development.
water that is subject to the provisions of Ontario’s Clean
Water Act (CWA) and the related Source Water Protection
program.
It is important to note the technical distinction between
recharge and infiltration. Infiltration is the process by which
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water on the ground surface enters the soil. From this point, infiltrated water can be
intercepted by man-made drainage structures, consumed by vegetation or continue moving
vertically to replenish groundwater resources. The water that is not captured by manmade drainage systems is termed “recharge”. However, within this document the terms
recharge and infiltration are used interchangeably, with both generally referring to the
entry of surface water into the soil unless otherwise noted. With respect to water balance
analyses and the design of related infrastructure, emphasis is placed on promoting
infiltration as a means to mimicking the natural water cycle.
6.1.2 Natural Feature Protection
Hydrology is a key factor that determines a natural feature’s ecological composition,
structure and function. The physical and functional characteristics of a natural feature
are based on its particular combination of key environmental variables (e.g. climate,
geology, hydrology, landform, soils, and disturbances). The many combinations of these
variables are what results in woodlands, wetlands and watercourses, the array of
communities they contain, and the functions and ecological services they provide.
Hydrology directly affects the physiochemical properties of natural features including
oxygen availability, salinity, toxins, sediment movement, detritus, and soil composition.
Because hydrology is important to natural feature functions, changes in hydrology can
result in adverse effects to these features. Largely due to the increase in impervious
surfaces, development within a feature’s catchment can cause decreases in infiltration
and evapotranspiration, and large increases in runoff volume. Developments that extract
or divert groundwater from natural features will also be subject to these guidelines
depending on the development form, design and construction. Some natural features may
become wetter, while others may become drier following land use change or development.
These changes in hydrology can cause changes in water quantity, quality, volume,
duration, frequency, timing and spatial distribution of water inputs.
Measures to protect the existing water balance are necessary when there is likelihood that
a proposed development will impact the hydrological functions of a feature. A water
balance analysis is required to demonstrate that the
hydrological functions will not be adversely effected
 Managing hydrologic regimes and
in the post-development scenario. The proposed
hydroperiods means the volume,
development must not cause changes to the
duration, frequency, timing, and
hydroperiod that negatively impact the hydrological
spatial distribution of water
functions of the feature. Hydroperiod is the seasonal
does not cause negative impact
pattern of surface and groundwater level
to natural features, their
fluctuations within a natural feature (Mitsch and
ecological functions, and the
Gooselink, 2007; Wright et al. 2006; Azous and
larger natural heritage system.
Horner, 2001; Reinelt et al. 1998).
Guidelines that specifically address impacts at the feature-scale are critical to the
maintenance of natural heritage features, forms, and functions in the long-term. The
protection of these features through the development process may require an investment
of resources for their securement and for their ongoing management.
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6.2

Water Balance Criteria

The water balance criteria described below summarize TRCA’s requirements with respect
to recharge and the protection of natural features. It is important to note that addressing
these criteria may in part also address the requirements associated with erosion control
(Section 4), and to a lesser extent the requirements associated with water quantity and
quality control (Sections 3 and Sections 5, respectively). Consultation with TRCA and
municipal staff is required to confirm the criteria and approaches to be used.
6.2.1 Recharge Criteria
Modeling undertaken by TRCA has yielded an understanding and mapping of water budget
parameters throughout TRCA’s jurisdiction, which provide estimated distributions of
recharge/infiltration, precipitation, evapotranspiration, and runoff. This modeling and the
associated maps are detailed in Appendix C. The resulting maps distinguish between four
types of recharge areas within TRCA’s watersheds, with corresponding recharge criteria as
described in Table 6-1.
Important recharge areas include SGRAs (Significant Groundwater Recharge Areas), EGRA’s
(Ecologically Significant Groundwater Recharge Areas), and HGRA’s (High Volume
Groundwater Recharge Areas). Where one of these areas is to be investigated as part of a
broader subwatershed study or MESP, TRCA requires the completion of area specific water
balance analyses to identify pre-development recharge rates and distribution. The
criteria, shown in Table 6-1, include the maintenance of pre-development recharge rates
and appropriate distribution. In areas where development may impact a sensitive
ecological feature, a site specific water balance may also be required as described in
Section 6.2.2.
It is important to note that these criteria represent a minimum requirement that may be
superseded by the results of further studies and local constraints. In all cases, proponents
should consult with TRCA staff to confirm the criteria to be used.
Table 6-1: Recharge Criteria Summary
Recharge Area Type
SGRA (Significant Groundwater
Recharge Areas)
EGRA (Ecologically Significant
Groundwater Recharge Areas)
HGRA (High Volume
Groundwater Recharge Areas)
LGRA (Low Volume
Groundwater Recharge Areas)

Level of Required Analysis

Criteria

Site specific water balance required to
identify pre-development groundwater
recharge rates and distribution as well
as related hydrologic and ecologic
functions.

Maintain pre-development
groundwater recharge rates and
appropriate distribution, ensuring
the protection of related
hydrologic and ecologic functions.

Site specific water balance not
required provided the site does not
impact a sensitive ecological feature

Best efforts to maintain recharge
are expected, provided the site
does not impact an ecological
feature

TRCA recognizes that not all areas are suitable for recharge measures.
conditions for recharge may include:

Unsuitable

 Slopes >20% and contributing catchment area slopes >15%;
 Seasonally-high water table elevations that are within 1.0 metres of the bottom of a
proposed recharge facility that may be proposed;
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 Bedrock within 1 metre of the bottom of the proposed recharge facility;
 Soils with infiltration rates less than 15mm/hour. Underdrains may be required where
infiltration is proposed in areas with soil infiltration rates less than 15mm/hour;
 Locations within 250 metres of the boundary of a landfill site;
 Flood plains;
 Wetlands and associated hydric soils;
 Drinking water wells within 30 metres of the recharge facility
TRCA would not recommend any engineered recharge facilities where the above conditions
are present at a site; however, the proponent should make every effort to maintain overall
infiltration across the site based on the noted requirements.
The vulnerability of an aquifer to contamination from surface sources must also be
considered, and consultation with TRCA is necessary to determine whether a proposed
development is in proximity to areas that may impact an aquifer. Infiltration of potentially
contaminated water (i.e. parking lots, roadways) would not be promoted in these areas.
Considerations for infiltration in these areas include the volume and toxicity of chemicals
used or stored, livestock density, and contaminant management plans.
6.2.2 Criteria for Protection of Natural Features
Natural features, including wetlands, woodlands, and watercourses, are identified through
the planning and development process that require protection. These guidelines set out
the requirements for managing the water balance with the intent to maintain ecological
functions and characteristics and hydrological functions of features that have been
recommended for protection through an Official Plan designation, Watershed Plan,
Subwatershed Study, Master Environmental Servicing Plan, Environmental Implementation
Report, Environmental Impact Study, or other similar study, and/or in consultation with
the Conservation Authority and municipality. These guidelines outline the general
requirements for a water balance for hydrologically sensitive features, which may be
scoped in consultation with the Conservation Authority and municipality, depending on the
sensitivity of the features, the anticipated levels of impact, and the current stage of
landuse planning.
Developments that extract or divert groundwater from natural features will also be subject
to these guidelines. The feature based water balance may be in addition to other
stormwater criteria requirements and some of the information requirements outlined in
the other sections will be common to both.
For developments proposed within proximity to these identified natural features,
additional investigation is necessary to understand the water balance impacts to the
feature, and to identify the measures necessary to mitigate these impacts. In areas
identified as degraded, the objective may be to enhance the water balance attributes of
the feature.
Appendix D outlines the procedures for assessing the water balance associated with a
feature under the pre and post-development conditions. In all cases, consultation with
TRCA is recommended to confirm the appropriate scope of investigation and objectives.
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For wetlands and vernal pools, the overall objective is to manage the water balance with
the intent to maintain the quantity (i.e. volume, timing, and spatial distribution) of
surface water and groundwater contributions that ensures the pre-development
hydroperiod (seasonal pattern of water level fluctuation) of the wetland is protected. The
proposed development must not cause changes to the hydroperiod that negatively impact
the hydrological functions of the feature.
For vernal pools that are identified as being ecologically important, TRCA and the
municipality should be consulted prior to undertaking an evaluation to determine
appropriate requirements. MNR must also be contacted if species at risk are known to use
the vernal pool or any other wetland feature. Wildlife Scientific Collectors Authorizations
(WSCAs) and Endangered Species Act (ESA) permits are required for any surveys or studies
to investigate for the presence of species at risk.
For woodlands, the overall objective is to manage the water balance with the intent to
maintain the 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 of the woodland.
For watercourses and headwater drainage features, the overall objective is to manage the
water balance with the intent to maintain the quantity (volume, timing, spatial
distribution) of surface water and groundwater contributions to ensure the duration,
frequency, magnitude, and rate of change of flow do not result in adverse effects.
Fish community, management zone mapping, and targets are defined by the Fisheries
Management Plan (FMP) at the watershed scale, but may be further refined based on more
recent information. In cases where an FMP does not exist, the proponent should consult
with TRCA for further information and appropriate targets.

6.3

Water Balance Analysis Methodology

6.3.1 Recharge
The detailed analysis methodology associated with recharge is provided in Appendix C,
and summarized in Figure 6-1.
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Figure 6-1: Infiltration/Recharge Scope of Analysis
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NO
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infiltration/
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landuse a
designated
threat?
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infiltration
design using
‘clean water’
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The physical properties of the landscape that determine the proportions of precipitation
that partition into recharge/infiltration, evapotranspiration, and runoff includes soil
permeability, soil moisture, depth to groundwater table, slope, and type of vegetation.
In areas where soils have high permeability and relatively flat topography, infiltration
rates are higher than run-off. The highest infiltration occurs in areas of hummocky
topography with internally drained areas (i.e. no surface water outlet). In contrast, for
areas with steep slopes and less permeable soils, run-off usually exceeds infiltration. Other
factors which influence infiltration rates include the amount of available water, intensity
of precipitation, air temperature, and sunshine duration.
One of the challenges in any development project is the determination of the predevelopment infiltration rate. Most modeling studies provide detailed analysis of
precipitation and runoff, and allocate evapotranspiration based on published literature.
Infiltration is then estimated by subtraction. What is known is that infiltration rates vary
considerably across TRCA’s jurisdiction. Consultant studies (Kassenaar and Wexler, 2006)
have estimated infiltration rates as high as 350 mm per annum in the northern portions of
TRCA’s watersheds, where the topography is hummocky, and the surficial soils comprise
permeable sand and gravel. However, areas on the south slope of the Oak Ridges Moraine
covered by Halton Till may have infiltration rates below 50 mm per year.
6.3.2 Protection of Natural Features
Appendix D provides the detailed analysis methodology for the protection of natural
features, summarized in Figure 6-2. The water balance requirements for wetlands
(Appendix D3), woodlands (Appendix D4), and watercourses (Appendix D5) are outlined.
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Figure 6-2: Scope of Analysis for the Protection of Natural Features
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It is important to have adequate baseline data for features that may be impacted by
development in order to assess potential effects, and to identify appropriate mitigation.
Plans for development within the catchment of a feature need to be identified as early as
possible in the planning process to ensure that adequate baseline conditions can be
established. Due to year-to-year weather variability, more than one year of baseline data
collection is needed to ensure that a variety of conditions are represented (i.e. a dry
versus wet year).
Ideally, a minimum of three years of hydrological data should be collected to establish
variability to aid in model development, especially when the features are particularly
sensitive and/or significant development is proposed within the catchment. This is also
preferred for applications that are already in the detailed planning stages (i.e. Site Plan),
however more flexibility in the amount of data collected may be necessary where these
requirements were not applied in earlier planning stages. The more sensitive the feature is
and the higher the degree of impacts, the more information can be expected to support
the application.
The interconnectedness between different features on the landscape must also be
recognized when completing these analyses, and consideration needs to be given to how
the hydrology of one feature may affect another. All water inputs and outputs need to be
considered in the analysis.
Targets need to consider that models and instrumentation have inherent errors,
assumptions, and simplifications associated with them, and that acceptable hydrological
changes need to consider the confidence limits around the data. Nevertheless, since there
is virtually no ability for the water balance of natural features to be restored once altered
by development, the Conservation Authority will use the precautionary principle when
identifying targets to ensure that the feature, form, and function will be protected. We
note that, generally, the confidence in modeling outputs increases as more baseline data
are used to calibrate and validate the models.
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In determining the need for a water balance for a natural feature, the Conservation
Authority will consider three factors:
1. The proposed changes to the feature’s surface or groundwater catchment. If there is
no change to the feature’s catchment size and there is no/little development within
the catchment, a water balance for the feature will not be required;
2. The form and type of development proposed within the catchment. If the majority of
the development consists of permeable surfaces (e.g., parkland), a water balance may
not be required;
3. The sensitivity of the feature. Water balances will be required to protect existing
functions and the sensitivity of those functions to hydrological changes. At a minimum,
a water balance will certainly be required for those features or functions protected by
policy and/or legislation (e.g. Provincially Significant Wetlands, Jefferson salamander
habitat, etc.) or are highly sensitive (e.g. brook trout streams).
If there is more than one development proceeding within the catchment of the same
feature, a comprehensive water balance analysis should be conducted jointly by the
proponent in consultation with and facilitated by the TRCA and municipality.
Completing a water balance requires the expertise of a multi-disciplinary team of qualified
professionals, typically including a terrestrial or aquatic ecologist, water resources
engineer, and hydrogeologist. The input and analysis of appropriate professionals needs to
be integrated into the final water balance submission.
These guidelines focus on assessing and mitigating hydrological impacts to natural
features. They do not provide specific requirements for minimizing water quality impacts
on these features as these requirements are outlined in Section 5 of this document.
When development is considered within the catchments of natural features containing
species at risk (SAR), proponents are responsible for meeting the requirements of the
relevant federal and provincial agencies. For example, the Ministry of Natural Resources is
the regulatory agency responsible for SAR under the Endangered Species Act and may have
requirements that are beyond the details described within these guidelines (e.g. water
quality). If SAR occur on or near the property, the appropriate agencies must be consulted;
this includes monitoring activities.
The Ministry of Natural Resources is a source of available data and information on natural
heritage.
When installing instrumentation for the purposes of data collection, care should be taken
to minimize disturbance to natural features. Consult the conservation authority and
municipality if there is a high likelihood that instrumentation will impact features as
permits may be required (e.g. access that results in vegetation removal, soil compaction,
etc.).
Consideration may also need to be given to providing water balance to features in the
interim conditions (i.e. after grading has commenced but prior to the construction and
implementation of mitigation measures).
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6.4

Water Balance Practices

Water balance can be achieved by a number of the SWM practices listed in the MOE SWMPD
Manual (2003) and the CVC/TRCA LID Guide (2010). However, the principal and most
effective mechanisms for achieving water balance fall under the category of low impact
development. Low impact development practices are generally designed to manage
rainfall and the resulting runoff at the source, which is more effective at reducing runoff
volumes during frequent rainfall events than the larger and more centralized facilities.
Section 7 of this document provides specific guidance on the planning and design of SWM
infrastructure within TRCA’s watersheds.
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Stormwater Management Practices
7.1

Overview

The preceding sections, and corresponding appendices, describe the objectives and
analysis methodologies associated with SWM practices needed to manage water quantity,
maintain water quality, mitigate erosion, and manage water balance.
There are numerous mechanisms and practices that can be incorporated into a proposed
development or related project to achieve these objectives. Accepted practices are
described extensively within both the Stormwater Management Planning and Design Manual
(MOE 2003) and the Low Impact Development Stormwater Management Planning and
Design Guide (TRCA/CVC 2010). Both documents
 Integrated design teams and the
emphasize the importance of the treatment train
treatment train approach are
approach, which suggests that the treatment of
runoff at the source, en route, and at end-of-pipe
essential ingredients for the
should be incorporated into every SWM strategy.
implementation of successful
Furthermore, effective SWM strategies are best
stormwater management
established
through collaborative design approaches
strategies, where the
that endeavour to integrate the disciplines of
environment and our
engineering, planning, ecology, and landscape
communities are soundly
architecture
at the earliest stages of the
protected by infrastructure that
development process.
is integrated within the urban
It is important to recognize, however, that every
project is different, and that unique site conditions,
constraints, or objectives necessitate the development of variations on existing practices
in order to achieve the overriding objective of mitigating our collective impact on our
environment. Moreover, increased awareness of changing climatic conditions and the
challenges of infrastructure deficits have also encouraged innovation and evolution in the
development of SWM solutions, leading to the proliferation of green infrastructure and low
impact development technologies. Therefore, innovation combined with sound engineering
and environmental principles will continue to be encouraged and accepted by TRCA
provided that the necessary technical analyses and documentation are completed, and
that these proposed works also satisfy all other applicable requirements and criteria,
including provision for long term operations, monitoring and maintenance.

fabric.

7.2

Stormwater Management Facilities

Stormwater Management facilities are to be designed in accordance with recommendations
set out in the MOE Stormwater Management Planning and Design Manual (2003). It is
preferred that SWM facilities be located outside the Regional Storm Floodplain. However,
if the facility location is proposed within the Regional Storm Floodplain, it must be located
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outside the 100 year floodplain and the proponent should pre-consult with TRCA staff to
determine the acceptability of the location, and any other design requirements (e.g.
cut/fill balance, natural feature avoidance). Further technical guidance on SWM facilities
within or near floodplains can be found in TRCA’s Floodplain Management Guidelines and
TRCA’s Valley and Stream Corridor Management Program (VSCMP, October 1994).
With respect to quality control, Table 3.2 of the MOE SWMPD Manual provides direction on
the volumetric requirements corresponding to desired treatment levels and selected SWM
approaches. An excerpt of this table is provided in Table 7-1, focusing on the Enhanced
level of treatment required throughout TRCA’s watersheds. It is required that these unit
volume targets be used as a framework for establishing stormwater quality storage targets
within TRCA’s watersheds.
It should be noted that maintenance of stormwater management ponds is a critical
component to meet SWM water quality criteria as even a well-designed SWM pond, if not
properly maintained can be a source of pollution generation [LSRCA, 2011]. As the
stormwater management pond network ages and deteriorates in a watershed, level of TSS
loading is expected to increase. The implementation of a comprehensive stormwater pond
maintenance program is crucial to protect water quality in urbanizing watersheds [LSRCA,
2011].
It is important to note that other SWM practices that can be demonstrated to the approval
agencies to meet the required long-term suspended solids removal under the prevailing
site conditions can be deemed acceptable. However, the anticipated effectiveness and
associated sizing of these practices must employ a sound technical and peer-reviewed
methodology, and where possible must reference available performance data from other
implementations. Designers and reviewers in these instances must acknowledge and
account for the assumptions implicit in the design of these practices.
Table 7-1: Water Quality Storage Requirements
Protection Level

Enhanced
80% long-term S.S.
removal

SWMP Type

Storage Volume (m3/ha) for Imperviousness Level
35%
55%
70%
85%

Infiltration

25

30

35

40

Wetlands

80

105

120

140

Hybrid Wet Pond/Wetland

110

150

175

195

Wet Pond

140

190

225

250

To supplement the information in the MOE Manual on SWM pond planning, TRCA has
compiled Stormwater Management Pond Planting Guidelines, which include a list of
preferred native plant species. These guidelines are provided in Appendix E.
Effectively impermeable liners may be required for SWM ponds with inverts that are below
the high groundwater level condition where a liner is required to prevent groundwater
discharge to the pond and to ensure the geotechnical stability of the pond.
In order to determine whether a liner should be included in the SWM pond design, it is
important to collect appropriate subsurface information directly at the proposed SWM
pond location. In order to identify soil conditions underlying the SWM pond location, a
borehole should be drilled deeper than the proposed pond bottom with logging of
appropriate soil and/or bedrock information. A monitoring well should be installed in the
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borehole to allow for measurement of groundwater levels so that the high groundwater
level condition can be accurately identified to inform the pond design. Where the
monitoring period and/or climate conditions are not representative of high groundwater
level conditions, then a correlation to groundwater level data from nearby sites may be
feasible. The soil/bedrock and high groundwater level information is to be included on
SWM pond cross-section drawings, and if a liner is not recommended then a supporting
rationale must be provided. Liners should typically extend from the pond bottom up to
the higher of the permanent pool elevation or the high groundwater elevation. The SWM
pond design report is to indicate if the liner is to be constructed of synthetic material or
consolidated and compacted native low permeability material that occurs at the site. A
recommendation from a geotechnical engineer or equivalent professional is required as
part of the SWM pond design report, and where the high groundwater level is above the
pond bottom it is to be shown that the liner will provide sufficient pressure to prevent
groundwater discharge through the base of the pond. If the weight of the water in the
permanent pool is included as part of the balancing force, an observation well is to be
included in the design to ensure that dewatering during maintenance of the pond will not
result in breach or failure of the liner.
If native materials are to be used for the liner, then the construction should be supervised
by a qualified person and a letter confirming that the pond was constructed to the design
specifications is to be provided to TRCA post-construction.
It is also recognized that SWM wet ponds and wetlands can result in the warming of the
stored stormwater, which can have a detrimental effect on the aquatic habitat in nearby
receiving streams. Therefore mitigation techniques for thermal impacts should be
considered when designing SWM ponds, particularly when discharging to sensitive or nearthreshold streams. Low impact development practices (Section 7.4) used to capture
frequent storm events, along with enhanced facility outlets, are encouraged as
preventative thermal measures. Further information on thermal impact mitigation and
outfall design practices are provided in Appendix E.
Please note that any areas supporting species at risk, particularly threatened or
endangered species, should be flagged as part of the process of assessing potential thermal
impacts of proposed SWM facilities, and brought to the attention of MNR. The potential
impact to the species or its habitat and any damage or destruction thereof requires
assessment and consultation with MNR pursuant to the Endangered Species Act 2007. Any
activities to restore habitat or assist species at risk also requires consultation with MNR.

7.3

Oil and Grit Separators

TRCA has adopted the City of Toronto Guidelines for OGS application. Essentially, oil and
grit separators (OGS) are recommended as a pre-treatment device or may be used as part
of a multi-component (treatment train) approach to achieve Enhanced quality control.
According to the City of Toronto Guidelines, OGS devices, operating alone at their original
design capacities, are capable of achieving a TSS removal efficiency of 50%. This removal
efficiency is based on the OGS verification and certification process carried out by the New
Jersey Corporation for Advanced Technology (NJCAT) and the New Jersey Department of
Environmental Protection (NJDEP), which established the protocol for how units should be
tested in the laboratory. Since manufacturers submitted testing data that were not fully
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consistent with the NJDEP protocol, a blanket approval of 50% removal for all OGS tested
under their program was issued. Further testing is currently underway for the Toronto
Guidelines for OGS application which may result in an update to the TSS removal efficiency
rating indicate above; please ensure that you are using the latest version of this document
which can be downloaded from www.trca.on.ca and www.sustainabletechnologies.ca.

7.4

Low Impact Development Practices

There is increasing recognition that Low Impact Development (LID) can mitigate the
impacts of increased runoff volume and stormwater pollution (including temperature) by
managing stormwater as close to its source as possible. Therefore LID practices can
address criteria associated with water quantity (for frequent storm events), quality,
erosion, and water balance. In addition to having the advantage of meeting multiple
criteria goals, LID can be integrated into the urban form (bioretention in landscaping areas
and parking islands, soakaways and rain gardens in back yards, and permeable pavement
and subsurface infiltration in parking areas) and thereby allow for more developable
space. Furthermore, the use of LID in a treatment train approach reduces the maintenance
on end-of-pipe facilities. The TRCA/CVC Low Impact Development Planning and Design
Guide (LID Guide, 2010) provides planning and design guidance on a wide range of LID
practices.
As described in Chapter 2 of the LID Guide, the LID design process begins with a landscapebased approach to planning. The approach involves understanding regional and watershedscale contexts, management objectives, and targets relevant to the site. Opportunities for
LID practices are identified at the neighbourhood or subwatershed scales and refined at
more detailed planning stages. Inventories of the natural resources and drainage features
present on the site are used as the integrating framework for SWM system planning.
In order to achieve the TRCA SWM criteria with LID, the following conditions must be met:
 The local municipality must endorse the use of LID SWM practices. Some practices may
not be acceptable within a municipality, if LID is being proposed in lieu of conventional
SWM, It is the proponent’s responsibility to ensure that the local municipality has
accepted the use of these practices and has considered long term operations and
maintenance.
 Designs are undertaken in accordance with the recommendations of the LID Guide. As a
minimum, to achieve an enhanced level of water quality control, the LID practice must
be sized to provide storage for a minimum 5mm of rainfall.
 For rainwater harvesting and green roof systems, calculations of runoff reduction must
consider winter operation, where designs focused on warm weather functionality may
yield a negligible reduction in runoff during cold weather periods.
 For infiltration practices, the depth to water table, existing soil infiltration rates, and
proximity to vulnerable groundwater resources must be considered as part of the
planning and design processes. Infiltration facilities may be considered in areas with
infiltration rates of less than 15mm per hour, provided these are designed with
effective overflow/underdrain mechanisms.
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 Pre-treatment for infiltration facilities (e.g. via OGS, filter strip, forebay, etc.) may
also be required depending on the source of water to be infiltrated.
 Overflow or underdrain mechanisms must be provided to ensure that infiltration,
attenuation, and storage systems do not put properties and structures at risk due to
backups and flooding. Sufficient storage must be provided to achieve the required SWM
criteria before the overflow or underdrain mechanisms are triggered.
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PREDICTED UNIT PEAK RUNOFF RATES ON A CATCHMENT BY CATCHMENT BASIS
6 HOUR AES RAINFALL DISTRIBUTION

CATCHMENT
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1. Rural catchments are considered to be those with a total imperviousness less than 20%.
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B1.

Erosion Analysis Methodology Summary
The overall methodology of defining erosion mitigation practices for a proposed
development or project is summarized in Figure B 1, followed by the key
recommendations and guidance associated with each step of the process. In general the
methodology yields the discretization of a watershed into relatively homogeneous river
reaches, the rapid assessment of the geomorphic stability of a reach, and determination of
the erosion threshold of a watercourse. Together these elements provide the information
necessary to compare pre- and post-development scenarios, and define the measures
required to effectively mitigate the erosion related impacts of development.
Figure B 1: Erosion Scope of Analysis
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B2.

Desktop Analysis
2.1

Geographical Extent of Analysis

Significant impacts from changes to hydrology can extend a distance downstream from the
source of the perturbation and therefore the extent of the study area is an important
component in completing the erosion assessment. The limit of significant downstream
impacts is associated with the capacity of the downstream watercourses to assimilate
changes in hydrology. The potential zone of impact is a function of the sensitivity of the
receiving watercourses or water bodies, which is highly variable.
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The geographical extent of the assessment should be decided by identifying a zone of
potential impact. This is usually defined as the length of channel downstream of the
development to the next major confluence for simple single pond systems. More
complicated plans involving multiple ponds, or more than one watercourse may require
larger coverage and the provision of a number of thresholds from multiple reaches to
properly assess the potential impact to the channel network.
The potential capacity of a watercourse or water body to assimilate changes in hydrology
can be assessed in several ways. The simplest is an assessment of the relative scales of
modified drainage area to the receiving watercourse’s drainage area, or comparison of two
year flows.
Another method is an assessment of the scale of the receiving watercourse to downstream
watercourses based on Horton stream numbering or a similar classification. With regards to
receiving water bodies, comparison of two year flow to storage volume is another
methodology. These or other methods should be used to provide a rationale for the study
area.
If the watercourse outlets to a still water body, reservoir, or wetland, it needs to be shown
that any potential change to the system is significantly mitigated by the water body.
Irrespective of the method applied, the geographical extent of the analysis should be
defined in consultation with TRCA staff.

2.2

Reach Delineation

Rivers are continuous channels that exhibit gradients in their slope, width, and bed
material size. For the purposes of analysis, it is usually necessary to describe the channel
as a series of discrete sections, called ‘reaches’ within which the physical characteristics
of the river can be considered to be homogeneous. The key drivers of the river morphology
are the hydrology, geology, and adjacent watershed surface conditions (Kellerhals 1976).
In urban watersheds, the channel network may also be significantly fragmented due to
road and stormwater networks (Chin and Gregory 2005).
Reach delineation should at a minimum be based on assessment of current aerial
photographs, surficial geology and topographic mapping. Indicators used to delineate
reaches include:
 Drainage network – confluences will typically define points in the system where the
hydrology changes. Stormwater outfalls can be considered as part of the drainage
network in urbanized systems;
 Surficial geology – change in soil types can produce a corresponding change in river
morphology;
 Land surface cover - changes in riparian vegetation, especially from forested to
grassed, can have a significant impact on morphology. Surrounding land use, especially
encroachment of the floodplain, will also have a significant impact and may indicate
zones where the creek has been directly modified through the use of bank protection;
 Breaks in slope – topographic mapping can indicate sudden changes in slope that may
result from changes in hydrology and geology. Reach delineation can also be defined by
grade control points such as dams, weirs and geologic outcrops; and
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 Road network – bridges, utilities, and stormwater outfalls can all segment the drainage
network. These urban networks are typically aligned with the road network. Urban
channels may be more reliably divided into reaches using road crossings than by other
means (Chin and Gregory 2005).
Desktop reach delineation can be field verified during the rapid geomorphic assessment
stage.

B3.

Rapid Geomorphic Assessment (RGA)
Selection of sensitive reaches is based on the identification of reaches with the least
capacity to assimilate increases in flow. There are several factors that can affect the
sensitivity of a creek to change including stability, past impacts on channel form,
threshold of dominant bed and bank materials, physiography, and size/physical capacity of
the reaches channel. Rapid assessment can be used to evaluate the geomorphic stability of
reaches. The Rapid Geomorphic Assessment is a standard technique for rapid assessment
that is described in the Stormwater Management Planning and Design Manual (MOE 2003).
It is not the only tool available to evaluate stability of reaches (e.g. Downs 1995, Galli
1996, Johnson et al. 1999), but is recommended because it relies on indicators that can be
objectively identified instead of other, more subjective techniques. Other methods should
only be used after consultation with TRCA staff.
The RGA is a field assessment tool and must be done on a site visit. The method is to walk
a length of the creek and record instances of physical characteristics of the river that are
indicators of instability. The number of observed indicators is divided by the total number
of indicators to obtain an index of instability with a value between 0 and 1. This list
supplied as part of this report matches what is available in MOE (2003), but should not be
considered complete. Other indicators may be added from other sources (e.g. USDA-NCRS
2007) or based on the experience of the assessor. Indicators that cannot be assessed (for
instance an exposed building foundation is not possible if there are no buildings) should
not be considered as part of the total number of indicators.
In the RGA, indicators are grouped into categories corresponding to different geomorphic
processes including aggradation (AI), degradation (DI), widening (WI) and planimetric form
adjustment (PI). Aggradation occurs when there is insufficient energy to move sediment
through the reach and it collects over time, often in the middle of a creek and in pools.
Degradation, widening and planimetric form adjustment are three stages of the classic
model of stream adjustment (Simon 1989). In this model, degradation is initiated by the
transport of more sediment out of the reach than is supplied to the reach due to an excess
of energy. This process leads to incision and the entrenchment of the channel so that
higher flow rates and shear stresses are contained within the channel and the floodplain is
more rarely inundated. This tends to accelerate the process of incision and lead to channel
widening as stream banks become more unstable and fail. Over time, widening can lead to
a reduction of shear stress on the bed of the channel and deposition of a new floodplain at
a lower elevation (planimetric form adjustment). Given enough time (on the order of
decades), the channel should reach a new state of dynamic equilibrium.
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The overall Stability Index (SI) is not a reliable index of stream stability; therefore the
separate indices of specific geomorphic processes (AI, DI, WI, and PI) are preferred for
assessing stream sensitivity. The SI value may lead to an erroneous interpretation of
stability because it averages four different indices:
SI = (AI + DI + WI + PI)/4
To demonstrate the problem with this calculation, consider a severely aggrading system.
Such a system may have 7 of the 9 indicators present, which would give a score of 0.77 for
the Aggradation Index (AI), but is unlikely to have many examples of the indicators in the
other categories. The total stability index in this case would by SI = (0.77+0+0+0)/ 4 =
0.19. The interpretation table shown in MOE (2003) would classify this system as ‘In
Regime’, meaning that the ‘evidence of instability is isolated or associated with normal
river meander propagation processes’. In the example given, this conclusion is
demonstrably false. It is recommended that the indicators of each type of process be
considered separately so that a more accurate picture of geomorphic stability can be
obtained.
High index values (AI, DI, WI, or PI > 0.50) will trigger the requirement of a detailed
erosion assessment in the subject reach. Minor receiving tributaries should be considered
for detailed assessment even if stable because physical capacity may be limited. Where
multiple reaches are similarly sensitive along a tributary, multiple detailed assessments
and erosion thresholds quantification may be required. At least one reach per receiving
tributary should be defined. When unstable reaches are numerous, professional judgment
may be applied to group types of streams to identify a subset of reaches for the more
detailed erosion assessment.

B4.

Detailed Geomorphic Assessment (DGA)
Erosion thresholds determine the critical discharge in a channel that is likely to entrain
and transport sediment. These thresholds are regularly exceeded in natural channels and
result in normal amounts of sediment transport. The objective of the detailed geomorphic
assessment is to determine whether the changes to the hydrology as a result of the
development are likely to result in more or less erosion than presently occurs. A calculated
index is used as a proxy for erosion. The procedure to calculate the erosion index is as
follows:
 Field measurement of channel geometry;
 Field measurement sediment particle sizes;
 Desktop analysis of erosion thresholds;
 Continuous hydrologic modeling; and
 Determination of erosion indices.
These steps are described in more detail below:
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4.1

Channel Geometry

Channel geometry is critical for the determination of erosion thresholds and discharge. The
approach described here assumes that the reach can be described as a uniform channel
with a single resistance to erosion and a single threshold of erosion. This represents a gross
simplification of channels that are not lined with concrete or riprap. The approach is
useful, however, for the overall estimation of erosion in a channel where a single threshold
is needed. To be representative, it is necessary to select cross-section locations that are in
relatively straight sections. It is assumed that the entire cross-section is active, i.e. that
there are no zones of flow recirculation near the banks that would result in an artificially
high estimate of the discharge at the cross-section. Riffle and run locations are most
suitable for this purpose while pools are not recommended. A minimum of five cross
sections should be used to get an accurate picture of the channel geometry.
The cross section can be surveyed using a total station. The cross-section should extend to
at least the flood-plain elevation and should be perpendicular to the channel banks. The
distance between surveyed points should be less than 5 percent of the width of the
bankfull channel and should include any points where there is a break in the slope. It is
also necessary to record the distance and elevation of any floodplain terraces and the
width of the floodplain.
The bankfull elevation should be indicated in the cross-section measurements and the type
of bankfull indicator recorded. Bankfull dimensions are primarily identified by breaks in
slope in the cross section such as the first flat depositional surface, the top of the point
bar or other deposits, or a distinct change in the size of substrate material (Technical
Supplement 3C in USDA-NCRS 2007).
Vegetation changes can also be used to determine bankfull by looking for the lowest
extent of woody vegetation or by noting the highest location of washed roots. The highest
elevation of washed rock can be used as a bankfull indicator in bedrock channels. In
urbanized systems it may be difficult to get a consistent estimate of bankfull depth
because the reach may be unstable or in transition. Some indicators such as the floodplain
elevation may reflect historical bankfull depths and may be unreliable.
To determine a representative channel slope, a distance equivalent to 20-40 times the
channel width should be surveyed by locating the riffle crest at the channel centerline.
Channel slopes are often quite flat (typically less than 1%), and the relative elevation of at
least three successive riffle crests or runs should be made. Measurements made in pools
should not be used to estimate the slope of the channel. Bankfull gradient should be
measured from surveyed points of the bankfull position at each cross-section and at an
adequate number of intermediate points based on standard field indicators.
For reference, there are a number of texts that detail standard protocols and field
methods (Harrelson et al. 1994, Annable 1996, USDA-NCRS 2007)

4.2

Sediment Size Characterization

The location of sediment sampling will vary with the purpose of the sampling (USDA-NCRS
2007). Fine sediments will typically deposit in bars and pools during low flows and these
locations should be avoided as they are likely to significantly underestimate thresholds for
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erosion. A more representative section for erosion in the channel will be the straight runs
and riffles in the channel. These are the resistant points in the channel bed and their
stability will determine the overall stability of the reach.
The sediment size characterization is used to determine channel roughness and the critical
shear stress of the bed and bank materials. However, the sampling and analysis will vary
depending on the size of material under investigation (USDA-NCRS 2007). A hand test
should be used to determine the sediment type. Following this, roughness and critical
shear stress can be calculated as follows:
 Clay and silt (D 50 ≤ 0.062 mm): Either or both Torvane and penetrometer measurements
should be collected to assess mechanical shear strength. As a note, these instruments
measure mechanical failure of the bulk sediment and are not a direct measure of
entrainment shear stresses. They cannot be used as a surrogate for bank material
erosion thresholds. Empirical tables should be used to determine channel roughness and
critical shear stress for clays and silts (Chow 1959, Fischenich 2001). No precise
characterization of sediment size is required.
 Sand (0.062 mm < D 50 ≤ 2 mm): Bulk sampling should be used to determine a median
particle size (D 50 ) from which other calculations will follow. Following the
recommendations of the U.S. Department of Agriculture, 3 to 5 samples should be taken
across a representative uniform section. This material should be sieved and tabulated
using standard procedures.
 Gravel and cobbles: a Wolman pebble count (Wolman 1954) should be used to
determine a median particle size (D 50 ) from which other calculations will follow. The
pebble count should consist of at least 100 particles at a minimum of two different
locations. A method should be selected to ensure a random selection of particles across
the full width of channel over a stream-wise distance equal to one channel width.
Suitable approaches are to select the particle under the toe of your boot as you walk
across the channel or to use a stick to randomly select a particle in front of you if the
bed material is too large or angular to safely allow a step forward without guiding the
steps. Sand particle diameters should not be used in the estimation of representative
particle sizes. If the surface sand content is greater than 30%, bulk samples should be
made of the bed material.

4.3

Erosion Thresholds

The evaluation of erosion thresholds is typically a component of the Detailed Geomorphic
Assessment (DGA, Section B6). The erosion threshold calculation requires the following
input:
 Mean channel slope;
 Median particle size;
 Reference cross-section dimensions including any terraces and the floodplain width;
and,
 Visual assessment of roughness factors.
The calculation procedure is as follows:
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1. Determine roughness of channel;
2. Calculate shear stress on the bed and banks at various flow depths;
3. Determine the critical shear stress for bed and bank erosion; and,
4. Calculate corresponding discharges at various flow depths.
The individual analyses associated with the above procedure are described in the following
subsections.
Roughness: Channel roughness (n) is a critical determinant of the depth of flow and
velocity in the channel. This parameter will affect the relation between discharge and
shear stress that will be used to calculate erosion indices. The estimation of n is an
imprecise exercise because it is a function, not only of the bed and bank material, but also
any irregularities in the channel boundary. Cowan (1956) considered the overall roughness
to be the sum of different components of roughness that could be evaluated
independently. The components include the bed material, the degree of channel
irregularities, variations in cross section, the effect of obstructions, vegetation, and
meandering as described by Chow (1959).
Manning’s equation can be used to determine channel roughness based on field
measurements. However, field-derived n values should be compared against the literature
for verification.
Much of the literature on roughness coefficients used field measurements to calculate the
roughness coefficient and compiled the results into tables. Some of the better references
include pictures of reaches so that a value for n can be selected based on a visual
comparison between a reference reach and the reach of interest (Chow 1959, Hicks and
Mason 1998). Most textbooks on hydraulics will have a table that gives some standard
values based on a general description of the reach. Professional judgment is required in
the selection of a representative value of channel roughness.
Shear Stress: Total shear stress is calculated using the standard equation derived from
fluid mechanics first principles, which relates total shear stress to the specific weight of
water, acceleration due to gravity, the longitudinal slope of the channel, and the hydraulic
radius:

τ bed = ρgRh S
The maximum shear stress on the bed and banks can be calculated from the water depth
instead of the hydraulic radius if the channels are sufficiently wide (depth less than four
times the width):

τ bed = C bed ρgYS
τ bank = Cbank ρgYS
where C bed and C bank are coefficients, r is the specific weight of water, g is gravity, Y is
the water depth and S is the longitudinal slope of the channel.
Critical Shear Stress: There are several commonly applied critical shear stress methods
(e.g., Miller et al., 1977; Andrews, 1983; Van Rijn, 1984). There are also numerous
methods for defining critical velocity (e.g., Komar, 1987) or permissible velocity (e.g.,
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Neill, 1967). Chow (1959), Chang (1988), Fischenich (2001), and Julian (2002) all provide a
range of potential graphical, tabular and both empirical and theoretical model
approaches.
Table B 1 provides a brief list of methods and resources for estimating thresholds for a
range of conditions. This list is no way definitive and a more appropriate approach from
those listed here may be required for a given system. It should also be remembered that
all methods have assumptions and ranges of conditions under which they are applicable. It
is assumed that the practitioner has an understanding the appropriateness and limitations
of the models they are applying. Reasoning behind model selection and interpretation of
appropriateness of model results should be included with reporting.
Table B 1: Brief (partial list) of available threshold resources
Source

Principle

Type

Conditions

Comments

vanRijn (1984)

Critical shear stress

Series of formulas

Range – coarser
than medium sand

Fischenich (2001)

Critical shear stress

Series of formulas

Range – clays to
coarser material

Amalgamation of
other methods and
published
measurements

Komar (1987)

Critical velocity

Formula

Range – coarse sand
and larger

Based on shear
stress approach
Provides discharge
values similar to
those calculated
from Miller et al.
(1977)

Temple (1982)

Permissible tractive
force

Formula

Range – vegetated
channels

Developed for
designing grass
lined channels

Neill (1967)

Permissible velocity

Formula

Range – sand and
coarser

For channels
shallower than 1m
Correction for
depth variation

Chow (1959)

Critical shear stress
/ unit tractive force

Chart

Range – fine
cohesive sediments

Series of curves
based on clay
content and
compaction
Reference also
provides an
amalgamation of
other methods and
published
measurements

Miller et al. (1977)

Shear stress method

Formula

Range – sand and
coarser

Hjulstrom (ACSE,
1967)

Permissible velocity

Chart

Range – sand and
coarser

In Chang (1988)

Based on median
grain-size for flows
greater than 1m

The critical or apparent critical velocity (if shear stress approaches are applied) and
critical depth should be incorporated into at minimum, a typical measured cross-sections
to translate these results into a more meaningful representative critical discharge. Where
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threshold velocity methods are employed an apparent or equivalent shear stress should be
provided. Typical cross-sections along with the slope and channel roughness for calculation
of bankfull and threshold flows should be reported and justified. Graphical representation
of the cross-section including field measured bankfull, water depth on the day and the
predicted threshold water depth should be plotted for comparison. Comparisons between
bankfull and threshold conditions should be provided to document reach sensitivity. Ratios
of entrainment threshold depth, velocity and shear stress to bankfull depth, velocity and
shear stress should be provided.
Discharge: The calculation of discharge at various depths requires the calculation of
normal depth in the channel, which can be determined by averaging the measured depth
at each cross-section. Alternatively, normal depth can be selected by using the measured
value from a ‘representative’ section, or by amalgamating the sections into an idealized
representative section. Sound engineering judgment is required in the selection of a
representative cross section (USDA, 2007).
A table summarizing the results of the analyses should include discharge, in-channel
velocity and excess shear stress. Where threshold velocity methods are employed an
apparent or equivalent shear stress should be provided. Graphical representation of the
cross-section including field measured bankfull, water depth on the day and the predicted
threshold water depth should be plotted for comparison. Comparisons between bankfull
and threshold conditions should be provided to document reach sensitivity.

4.4

Hydrologic Modelling

The recommended method for assessing pre- to post-development erosion potential is
some form of continuous modeling. Continuous modeling accounts for the impact of pond
function and antecedent conditions on instream erosion. It also allows the interaction of
multiple ponds to be assessed for larger scale developments. Continuous simulation models
allow examination of potential cumulative impacts from upstream and downstream
development areas, or where there are multiple stormwater facilities proposed to manage
multiple developments. Proponents will also be required to incorporate previous
assessments from other developments in their analysis where multiple developments are
proposed in the subwatershed, or to collaborate with other concurrent developments to
generate a comprehensive study.
An approved continuous hydrologic model should be developed, calibrated, and verified
using a long time series of meteorological data that can provide hourly time-series of the
pre and post development hydrographs. To ensure accurate results, it is critical that the
hydrologic model is calibrated and verified. If streamflow and precipitation data are not
available in the study area the proponent will be required to collect this data for the
calibration and verification of the model. The monitoring requirements for rainfall and
streamflow data should be determined in consultation with TRCA staff during the
development of the terms of reference for comprehensive environmental studies.
Please note that the shape of the rising and falling limb of the storm hydrograph can
impact entrainment and transport of sediments. As such, an example pre-to-post
hydrograph should be provided for examination. The graphical representation should be
from a node within the sensitive reach for a storm event that exceeds the erosion
threshold.
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4.5

Erosion Indices

In natural systems with defined watercourses, erosion thresholds are exceeded regularly.
As such, the key to maintaining natural channel function is to match the frequency of
exceedance or cumulative effective work in the post-development condition. In some very
sensitive systems, or where impacts have already occurred, a level of over-control may be
required.
Pre- to post-development exceedance can be tested using several criteria. The simplest is
the cumulative time of exceedance. Although it provides a simple comparison, it does not
provide information on the work or erosive force of flows once erosion thresholds are
exceeded. As such, it is only a first cut and a more stringent assessment, such as the
cumulative effective work or cumulative erosion index, should be completed. The
recommended criteria are the cumulative erosion index and the cumulative effective
work. The calculation of erosion indices requires a continuous time series of discharge and
a table relating discharge to excess shear stress. For the cumulative effective work, the
mean channel velocity at various depths is also required.
The cumulative Erosion Index (E i ) is calculated as (Stormwater Management Planning and
Design Manual, MOE 2003):

Ei = ∑ (Vt − Vc )∆t
Where E i is the erosion index

Vt is velocity in the channel at time t

Vc is critical velocity above which entrainment will occur
∆t time step
where E i is the erosion index, τ is the shear stress at time t, τ c is the critical shear stress
for either the bed or the bank, and Δt is the time interval. As a note, this index can be
calculated with channel velocity where the critical velocity replaces the critical shear
stress to provide a comparable index. The cumulative effective work index (W i ) is
calculated as:

Wi = ∑ (τ − τ c )V∆t
where W i is the cumulative effective work or stream energy expended above the critical
value, and V is the mean channel velocity.
The mean channel velocity should not include floodplain velocities but should consider
only the velocities and the area calculated between the stream banks for each depth. The
cumulative effective work index is similar in nature to a cumulative effective stream
power. It is the preferred method when assessing potential impacts because the velocity
will increase as flood stage increases, which means that Wi will be more sensitive to
extreme floods than E i , which is in agreement with predictions of sediment transport in
rivers (Garcia 2008).
A combination of time of exceedance and effective work approaches must be applied and
the results provided for review. It is anticipated that post-development exceedance will
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match pre-development exceedance unless over-control is required. In areas where
erosion thresholds cannot be matched other mitigation measured, stormwater control
beyond what can be achieved using simple end-of-pipe approaches may be required.
Where they are deemed necessary, these mitigation measures must be developed in
consultation with the TRCA.

B5.

Plan Review Results Reporting Framework
A minimum results reporting standard is necessary for TRCA to be able to adequately
review proposals for development. The following checklist should be used as a minimum
guideline:
Information on desktop analysis and reach delineation including: mapping of zone of
influence, channel network, reach breaks, pond locations, immediate receiving reaches,
and sensitive reaches; mapping of soils, current land use and the road network;
identification of reach breaks.
Rapid geomorphic assessment for all reaches including: RGA form; Reach-by-reach
descriptions including physical conditions, sensitivity measured by an acceptable protocol,
and evaluation of systematic adjustments/dominant processes; and Photographic support
of RGA analysis including general photos of reach, banks and floodplain , occurrence of
indicators listed in RGA and/or stable morphologies.
Detailed field assessment of the sensitive reaches including:
Summary of cross-section geometry; Long profile (bankfull and bed gradient); Bank profile
with: mechanical strength estimates, Characterization of bed and bank materials, and
photographic support including downstream view, upstream view, both stream banks and
the bed.
Quantification of erosion threshold(s) including: Channel roughness and critical shear
stress; Table documenting discharge, velocity, depth, shear stress and excess shear stress;
Bankfull flow conditions, discharge, velocity, depth and shear stress; Ratios between
threshold and bankfull depth for velocity, depth, discharge and shear stress; Example
cross-sections for both bankfull and critical threshold conditions; Field observations
including approximate measures of water depth, velocity, and transport conditions;
Continuous hydrologic modeling including: Location of installed stream gauges; Calibration
and verification of continuous hydrologic model; an example hydrograph for examination;
Time of exceedance for pre-and-post conditions; and cumulative effective shear stress and
effective work
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C1.

Methodology of Analysis to Assess Recharge Requirements
The physical properties of the landscape that determine the proportions of precipitation
that partition into recharge/infiltration, evapotranspiration, and runoff include:
 Soil permeability;
 Soil moisture;
 Depth to groundwater table;
 Slope; and
 Type of vegetation.
In areas where soils have high permeability and relatively flat topography, infiltration
rates are higher than run-off. The highest infiltration occurs in areas of hummocky
topography with internally drained areas (i.e. no surface water outlet). In contrast, for
areas with steep slopes and less permeable soils, run-off usually exceeds infiltration. Other
factors which influence infiltration rates include the amount of available water, intensity
of precipitation, air temperature, and sunshine duration.
One of the challenges in any development project is the determination of the predevelopment infiltration rate. Most modelling studies provide detailed analysis of
precipitation and runoff, and allocate evapotranspiration based on published literature.
Infiltration is then estimated by subtraction. What is known is that infiltration rates vary
considerably across TRCA’s jurisdiction. Consultant studies (Kassenaar and Wexler, 2006;
TRCA, 2010) have estimated infiltration rates as high as 350 mm per annum in the northern
portions of TRCA’s watersheds, where the topography is hummocky, and the surficial soils
comprise permeable sand and gravel. However, areas on the south slope of the Oak Ridges
Moraine covered by Halton Till may have infiltration rates below 50 mm per year.
The recommended steps for determining existing infiltration rates and post-development
targets at the site scale and selection of appropriate mitigation strategies are illustrated in
Figure C 1, and described in the subsequent subsections.
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Figure C 1: Infiltration/Recharge Scope of Analysis
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Step 1 – Assess the Vulnerability of the Groundwater System

While TRCA’s guidance is to maintain post-development infiltration at pre-development
levels, caution is warranted in promoting infiltration measures in vulnerable areas, where
infiltration of stormwater may pose a risk to drinking water quality and/or aquifer water
quality.
Wellhead protection is a proactive method of preventing contamination from reaching a
drinking water well. A wellhead protection area (WHPA) is the surface and subsurface area
through which contaminants are likely to flow and reach a water well over a specific time,
referred to as the time-of-travel or TOT. In Ontario, the WHPAs for municipal wells were
calculated for travel times ranging from 50 days to 25 or 50 years. The theory is that the
travel times allow for attenuation of some contaminants and “early-warning” of other
contaminants for planning of alternate drinking water supplies, spill containment, or
remediation.
WHPAs were calculated for the majority of the municipal wells in TRCA’s jurisdiction
several years ago through provincially funded Groundwater Management Studies. The
initial WHPAs were then refined as part of ongoing drinking water source protection
projects and designated as one of the following four zones, with the zones currently
defined within TRCA’s jurisdiction depicted graphically in Figure C 2:
 WHPA-A (100 m radius around the well);
 WHPA-B (2 year time of travel, excluding WHPA-A);
 WHPA-C (10 year time of travel, excluding WHPA-A and B); and
 WHPA-D (25 year time of travel, excluding WHPA-A, B, and C).
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Figure C 2: Wellhead Protection Areas

A list of designated threats, for both water quality and quantity, as per Ontario Regulation
287/07 is provided in Table C 1. These land uses are considered to be a potential threat to
drinking water quality and/or quantity within vulnerable areas. Therefore, infiltration
from all properties associated with land uses on this list (except threats 19 and 20) will
generally be discouraged in WHPAs A and B due to potential impacts on the municipal
drinking water quality. For example, storm water management facilities will be
discouraged within these areas, since they are classified by the MOE as sewage works – a
designated threat. However, infiltration from “clean” water sources such as roof runoff
and/or treatment systems will be encouraged in these areas. Other forms of infiltration
will be considered on a case-by-case basis.
Table C 1: Designated Threats to Drinking Water in Vulnerable Areas
No.

Designated Threats (per Ontario Regulation 287/07 )

1

The establishment, operation or maintenance of a system that collects, stores, transmits, treats or disposes
of sewage.

2

The application of agricultural source material to land.

3

The storage of agricultural source material.

4

The management of agricultural source material.

5

The application of non-agricultural source material to land.

6

The handling and storage of non-agricultural source material.

7

The application of commercial fertilizer to land.

TORONTO AND REGION CONSERVATION AUTHORITY  AUGUST 2012  VERSION 1.0

C. 3

C. 4

STORMWATER MANAGEMENT CRITERIA ▪ APPENDIX C: WATER BALANCE AND RECHARGE

No.

Designated Threats (per Ontario Regulation 287/07 )

8

The handling and storage of commercial fertilizer.

9

The application of pesticide to land.

10

The handling and storage of pesticide.

11

The application of road salt.

12

The handling and storage of road salt.

13

The storage of snow.

14

The handling and storage of fuel.

15

The handling and storage of a dense non-aqueous phase liquid.

16

The handling and storage of an organic solvent.

17

The management of runoff that contains chemicals used in the de-icing of aircraft.

18

An activity that takes water from an aquifer or a surface water body without returning the water taken to
the same aquifer or surface water body.

19

An activity that reduces the recharge of an aquifer.

20

The use of land as livestock grazing or pasturing land, an outdoor confinement area or a farm-animal yard.

The vulnerability of an aquifer to contamination from surface sources must also be
considered, and consultation with TRCA is necessary to determine whether a proposed
development is in proximity to areas that may impact an aquifer. Infiltration of potentially
contaminated water (i.e. parking lots, roadways) would not be promoted in these areas.
Considerations for infiltration in these areas include the volume and toxicity of chemicals
used or stored, livestock density, and contaminant management plans.

1.2

Step 2 – Estimating Infiltration and Post-development Targets

Because direct measurement of water budget parameters is not practical on a site-by-site
basis, numerical modelling is a common tool for estimating infiltration rates. TRCA
recognizes that individual proponents may not have the resources to conduct surface water
and groundwater modelling for their individual sites. It is also recognized that some areas
are more sensitive to changes in infiltration resulting from land use changes.
For TRCA’s water budget developed under the Clean Water Act, 2006, a hydrologic model
based on the Precipitation-Runoff Modelling System (PRMS), developed by the United
States Geological Survey (USGS), was used to provide a good representation of the
hydrologic processes (TRCA, 2010). The hydrologic model integrates information on land
use, vegetation, surficial geology, topography, and climate (i.e. rainfall, temperature, and
solar radiation) to produce daily output of the water budget components within each
subwatershed. The groundwater model provides estimated groundwater potentials,
groundwater budget items (such as the exchange of water between shallow and deeper
aquifers) and baseflow to streams. The estimated recharge distribution across TRCA’s
jurisdiction from this modelling work is provided as Figure C 3. The other water budget
parameters are also mapped, including Precipitation (Figure C 4), Evapotranspiration
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(Figure C 5), and Runoff (Figure C 6). These model outputs can be made available to
consultants as ESRI© Grid files to assist in the generation of site-level water budgets.
Figure C 3: Average Annual Recharge
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Figure C 4: Average Annual Precipitation

Figure C 5: Average Annual Evapotranspiration
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Figure C 6: Average Annual Runoff

Modelling undertaken by TRCA as part of the Source Water Protection initiatives as well as
through individual subwatershed studies has yielded an understanding and mapping of
water budget parameters throughout TRCA’s jurisdiction. The model outputs are available
to proponents as ESRI© Grid files to assist in the generation of site-level water budgets.
Based on the model outputs combined with observations of groundwater levels, baseflow,
and aquatic habitat, preliminary mapping of four types of recharge/infiltration areas has
been prepared for areas within TRCA’s jurisdiction.
1. Significant Groundwater Recharge Areas (SGRA) – Figure C 7
2. Ecologically Significant Groundwater Recharge Areas (EGRA) – Figure C 8
3. High Volume Groundwater Recharge Areas (HGRA) – Figure C 9
4. Low Volume Groundwater Recharge Areas (LGRA) – Figure C 9
These features are described in the following sections, and have been mapped together on
Figure C 10.
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Figure C 7: Significant Groundwater Recharge Areas (SGRA)

The SGRA zone is based on an average annual infiltration rate of 150 mm/year or higher in
an area where there are groundwater-based drinking water systems. Ontario Regulation
287/07, under the CWA, defines an SGRA as an area in which it is desirable to regulate or
monitor drinking water threats that may affect the recharge to an aquifer. O. Reg. 287/07
also lists different activities that are considered threats to drinking water in a source
protection area. In addition, the CWA does not allow “grand-parenting” of non-conforming
land uses, Therefore, TRCA recommends that land use changes that are currently in
progress have regard for the preliminary SGRAs, and requires that proponents conduct sitespecific studies within these areas to determine pre-development infiltration and provide
mitigation strategies to ensure that infiltration is maintained within this zone.
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Figure C 8: Ecologically Significant Groundwater Recharge Areas (EGRA)

EGRAs are defined based on known or interpreted connections between an infiltration area
and environmentally significant ecological features such as wetlands, woodlands, and
watercourses. Changes to infiltration rates in these areas may result in impacts to key
habitat features such as groundwater discharge and/or species such as brook trout. Within
these areas, TRCA requires that proponents of land use changes complete site specific
studies to assess pre-development infiltration and that appropriate mitigation strategies be
employed to maintain that volume of infiltration post-development.
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Figure C 9: High Volume and Low Volume Recharge Areas (HGRA, LGRA)

HGRAs are areas which have infiltration greater than 150 mm/year, but do not have
linkages either to water supplies or significant ecological receptors. These areas are quite
limited in extent, as most of the high volume infiltration areas fall within the SGRA and
EGRA zones. For land development in HGRAs, TRCA requires site specific studies be
completed to assess pre-development infiltration, and that appropriate mitigation
strategies be employed to maintain the volume of infiltration post-development.
All other areas are considered as LGRAs. These areas are quite extensive as much of
TRCA’s jurisdiction outside of the Oak Ridges Moraine is comprised of low permeability
soils (Halton Till), where infiltration rates are relatively low. Maintenance of predevelopment infiltration rates for LGRAs will be judged on a best effort made approach.
No site specific studies for the purpose of determining site infiltration rates will be
required.
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Figure C 10: Recharge Area Classification

It is important to note that the modelling, mapping, and classification activities that have
yielded the above information are subject to refinement and ongoing study throughout
TRCA’s watersheds. Therefore, TRCA should be consulted to confirm that the most current
data and mapping is being used when assessing proposed development projects.

1.3

Step 3 - Detailed Design Calculations of Infiltration

As noted in Figure C 1, site specific studies are required in some instances. Guidance on
the evaluation of sites to determine suitability for infiltration practices is provided in
Sections C2 and C3. In general, TRCA recognizes that less suitable conditions for recharge
may include:
 Slopes >20% and contributing catchment area slopes >15%;
 Seasonally-high water table elevations that are within 0.60 metres of the bottom of a
proposed recharge facility that may be proposed;
 Bedrock within 1 metre of the bottom of the proposed recharge facility;
 Soils with infiltration rates less than 15mm/hour. Underdrains will be required where
infiltration practices are proposed in areas with soils having infiltration rates of less
than 15mm/hour;
 Locations within 250 metres of the boundary of a landfill site;
 Wetlands and associated hydric soils;
 Drinking water wells within 30 metres of the recharge facility.
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TRCA would not recommend any enhanced recharge measures where the above conditions
are present at a site; however, the proponent should make every effort to maintain overall
infiltration rates across the site based on the noted requirements.

C2.

Site Evaluation and Soil Testing Protocol for Stormwater
Infiltration
The purpose of this protocol is to describe evaluation and field testing procedures to:
 Determine if stormwater infiltration best management practices (BMPs) are well suited
to a site, and at what locations; and
 Obtain the required data for stormwater infiltration BMP design.
Designers are encouraged to conduct site evaluation and soil testing early in the
development planning and design process so that information gained can be incorporated
into the design. It is recommended that site evaluation and soil testing be conducted
following the development of a preliminary plan for the proposed development. The
designer should possess an understanding of potential BMP types and locations prior to soil
testing. On-site tests may be carried out in advance to identify potential BMP types and
locations.
Qualified professionals, who can substantiate by qualifications or experience their ability
to carry out the evaluation, should conduct the soil testing. A professional, experienced in
observing and evaluating soil conditions is necessary to ascertain conditions that might
affect BMP performance that cannot be thoroughly assessed with testing procedures.
Soil infiltration testing is a four-step process to obtain the necessary information for
stormwater management planning and design. The four steps include:
1.

2.

3.

Background Evaluation


Based on available published and site specific data;



Includes consideration of proposed development plan;



Used to identify potential BMP types, locations and soil test locations;



Done prior to field work; and



On-site soil tests may be done to identify/screen potential BMP locations.

Test Pit or Soil Boring Observations


Includes multiple testing locations;



Provides an understanding of sub-surface conditions; and



Identifies limiting conditions (e.g., aquitard, bedrock or water table elevations).

Infiltration Testing


Must be conducted on-site;
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4.

2.1



Various testing methods are available; and



Different testing methods for screening versus verification purposes.

Design Considerations


Determination of a suitable infiltration rate for design calculations; and



Consideration of desired BMP drawdown period.

Step 1: Background Evaluation

Prior to performing testing and developing a detailed site plan, existing site conditions
should be inventoried and mapped including, but not limited to:


Surficial geology and underlying stratigraphy;



Watercourses (perennial and intermittent), water bodies, wetlands and floodplains;



Small headwater drainage features;



Topography, slope, and drainage patterns;



Existing land cover and land use;



Natural heritage conservation areas; and



Other man-made features or conditions that may impact design such as existing
nearby structures (buildings, infrastructure, etc.).

A sketch plan or preliminary layout plan for the proposed development should be
evaluated, including:


The preliminary grading plan and areas of cut and fill;



The location and water surface elevation of all existing, and location of proposed
water supply sources and wells;



The location of all existing and proposed on-site wastewater (septic) systems;



The location of other features of note such as utility rights-of-way, water and sewer
lines, etc.;



Existing data from borehole, well and geophysical testing; and



Proposed location of development features (buildings, roads, utilities, etc.).

In Step 1, the designer should determine the potential location of infiltration BMPs. The
approximate location of these BMPs should be noted on the proposed development plan
and should serve as the basis for the location and number of soil tests to be performed onsite.
Important: If the proposed development is located on areas that may otherwise be
suitable for stormwater infiltration BMPs, or if the proposed grading plan is such that
potential BMP locations are eliminated, the designer is strongly encouraged to revisit the
proposed layout and grading plan and adjust the development plan as necessary.
Development of areas suitable for infiltration BMPs does not preclude the use of
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subsurface infiltration BMPs for runoff volume reduction and groundwater recharge
benefits (e.g., soakaways, infiltration trenches and chambers, perforated pipe systems).

2.2

Step 2: Test Pit or Soil Boring Observations

Test pits or soil borings provide information regarding the soil horizons and overall soil
conditions both horizontally and vertically in that portion of the site. Multiple observations
can be made across a site at a relatively low cost and in a short time period. The use of
test pits is preferable to soil borings as visual observation is narrowly limited in a soil
boring and the soil horizons cannot be observed in-situ, but must be observed from the
extracted borings.
Test pit excavations or soil borings should extend to a depth of between 2.5 to 5 metres
below ground surface or until bedrock or fully saturated conditions are encountered. It is
important that the tests provide information related to conditions at least 1.5 metres
below the proposed bottom elevation of the infiltration BMP. Test pit trenches should be
benched at 1 metre depth intervals for access and infiltration testing. A test pit should
never be accessed if soil conditions are unsuitable for safe entry, or if site constraints
preclude entry or exit. Where excavation of a test pit to the required depth would create
an undesirable or unsafe condition, two soil borings may be conducted instead.
At each test location, the following conditions should be noted and described:


Soil horizons (upper and lower boundary);



Soil texture and colour for each horizon;



Color patterns (mottling) and observed depth;



Depth to water table (if encountered);



Depth to bedrock (if encountered);



Observations of pores or roots (size, depth);



Estimated type and percent coarse fragments;



Hardpan or other limiting layers; and



Strike and dip of soil horizons.

At the designer's discretion, soil samples may be collected at various horizons for
additional analyses (e.g., grain size analysis).
The number of test pits or soil borings varies depending on site conditions and the
proposed development plan. General guidelines are as follows:


For infiltration BMPs with footprint surface areas from 50 to 900 square metres, a
minimum of two test pits or one test pit and two soil borings are required at, or within
10 metres of the proposed location to determine the suitability and distribution of soil
types present;



For infiltration BMPs with footprint surface areas greater than 900 square metres, a
minimum of one test should be conducted for each 450 square metres of footprint
surface area. Tests should be conducted equidistant from each other to provide
adequate characterization of the area;
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For linear infiltration BMPs a minimum of one test should be conducted within each
soil mapping unit present along the proposed BMP location. Soil borings should be
conducted every 50 metres and a test pit should be conducted every 450 metres; and



For sites with multiple infiltration BMPs, each with footprint surface areas less than 50
square metres, a minimum of one test pit is required and one soil boring per
infiltration BMP location is recommended.

The recommendations above are guidelines. Additional tests should be conducted if local
conditions indicate significant variability in soil type, geology, water table levels, bedrock
or topography. Similarly, uniform site conditions may indicate that fewer tests are
required.

2.3

Step 3: Infiltration Testing

A variety of field tests exist for estimating the infiltration rate of the native soil that
include the use of permeameter or infiltrometer devices, percolation tests and empirical
relationships between grain size distribution and hydraulic conductivity. At least one test
should be conducted at the proposed bottom elevation of the infiltration BMP, plus
additional tests at every other soil horizon encountered within 1.5 metres below the
proposed bottom elevation. A minimum of two tests per test pit are recommended. More
tests are warranted if results from the first two tests are substantially different. The
geometric mean value should be used to determine the average infiltration rate for each
soil horizon following multiple tests.
Based on field observations, infiltration testing results and the desired drawdown period
(typically 48 hours), the designer may elect to modify the proposed bottom elevation of a
BMP (see Step 4). Therefore, personnel conducting infiltration tests should be prepared to
adjust test locations and depths depending upon observed conditions.
Infiltration testing methods discussed in this protocol include:


Guelph permeameter test;



Double-ring infiltrometer test;



Borehole permeameter test; and



Percolation test.

There are differences between these methods. Guelph permeameter and double-ring
infiltrometer tests estimate the vertical movement of water through the bottom of the
test area. The outer ring helps to reduce the lateral movement of water in the soil.
Borehole permeameter and percolation tests allow water movement through both the
bottom and sides of the test area. For this reason, the measured rate of water level drop
in these types of tests must be adjusted to represent the discharge that is occurring on
both the bottom and sides of the test hole.
For initial screening of a site for potential BMP types and locations, percolation tests and
grain size analyses of samples from soil borings are suitable methods for estimating the
infiltration rate of the native soil. Tests should not be conducted in the rain or within 24
hours of significant rainfall events (>15 millimetres depth), or when the temperature is
below freezing. The preferred testing period is during April and May. This is the period
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when infiltration is likely to be diminished by saturated conditions. Percolation tests
conducted between June 1 and December 31 should be done following a 24 hour presoaking period to simulate field saturated conditions. Pre-soaking is not required for
permeameter or infiltrometer test methods.
To verify native soil infiltration rates for design purposes, it is strongly recommended that
infiltration tests be carried out with a permeameter or infiltrometer to determine the field
saturated hydraulic conductivity (Kfs), rather than percolation tests or grain-size analyses.
Alternatively, other permeability test procedures that yield a saturated hydraulic
conductivity rate can be used, such as formulas developed by Elrick and Reynolds, or
others for computation of hydraulic conductivity and saturated hydraulic conductivity.
Many in-situ methods have been developed for determining field saturated hydraulic
conductivity within the unsaturated (vadose) zone of the soil. Detailed testing methods
and standards that are available but not discussed in detail in this protocol include (but
are not limited to):


Constant head well permeameter method (i.e., Guelph Permeameter method);



Constant head double-ring infiltrometer method; and,



Constant head pressure (single-ring) infiltrometer method.

A complete guide for comparing standard methods is presented in ASTM International
Designation D5126-90 (2004). Further detailed discussion on standard methods can also be
found in Amoozegar and Warrick (1986).
For the purpose of designing the infiltration BMP, hydraulic conductivity values (typically
in centimetres per second) generated from permeameter or infiltrometer tests must be
converted into infiltration rates (typically in millimetres per hour). It is critical to note
that hydraulic conductivity and infiltration rate are two different concepts and that
conversion from one parameter to another cannot be done through unit conversion.
Particularly for fine grained soils, there is no consistent relationship due to the many
factors involved. Table C 2 and Figure C 11 describe approximate relationships between
hydraulic conductivity, percolation time and infiltration rate. Measured hydraulic
conductivity values can be converted to infiltration rates using the approximate
relationship described in Figure C 11.
Table C 2: Approximate relationships between hydraulic conductivity, percolation time
and infiltration rate
Hydraulic Conductivity, Kfs

Percolation Time, T

Infiltration Rate, 1/T

(centimetres/second)

(minutes/centimetre)

(millimetres/hour)

0.1

2

300

0.01

4

150

0.001

8

75

0.0001

12

50

0.00001

20

30

0.000001

50

12

Source: Ontario Ministry of Municipal Affairs and Housing (OMMAH). 1997. Supplementary Guidelines to the Ontario
Building Code 1997. SG-6 Percolation Time and Soil Descriptions. Toronto, Ontario.
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Following testing, the test pits should be refilled with the original soil and the surface
replaced with the original topsoil.
The results and locations of all test pits, soil borings and infiltration tests should be
included in documents submitted to commenting and approval agencies in support of the
development proposal.

2.4

Step 4: Design Considerations

The infiltration rate used to design an infiltration BMP must incorporate a safety correction
factor that compensates for potential reductions in soil permeability due to compaction or
smearing during construction, gradual accumulation of fine sediments over the lifespan of
the BMP and uncertainty in measured values when less permeable soil horizons exist within
1.5 metres below the proposed bottom elevation of the BMP.
Figure C 11: Approximate relationship between infiltration rate and hydraulic
conductivity
y = 6E-11x 3.7363
Infiltration (Percolation) rate (mm/hour)

Hydraulic conductivity (Kfs) in cm/sec
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Source: Ontario Ministry of Municipal Affairs and Housing (OMMAH). 1997. Supplementary Guidelines to the Ontario
Building Code 1997. SG-6 Percolation Time and Soil Descriptions. Toronto, Ontario.

The measured infiltration rate (in millimetres per hour) at the proposed bottom elevation
of the BMP must be divided by a safety correction factor selected from Table C 3 to
calculate the design infiltration rate. To select a safety correction factor from Table C 3,
calculate the ratio of the mean (geometric) measured infiltration rate at the proposed
bottom elevation of the BMP to the rate in the least permeable soil horizon within 1.5
metres below the bottom of the BMP. Based on this ratio, a safety correction factor is
selected from Table C 3. For example, where the mean infiltration rate measured at the
proposed bottom elevation of the BMP is 30 mm/h, and the mean infiltration rate
measured in an underlying soil horizon within 1.5 metres of the bottom is 12 mm/h, the
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ratio would be 2.5, the safety correction factor would be 3.5, and the design infiltration
rate would be 8.6 mm/h. Where the soil horizon is continuous within 1.5 metres below the
proposed bottom of the BMP, the mean infiltration rate measured at the bottom elevation
of the BMP should be divided by a safety correction factor of 2.5 to calculate the design
infiltration rate.
Table C 3: Safety correction factors for calculating design infiltration rates
Ratio of Mean Measured Infiltration Rates1

Safety Correction Factor2

≤1

2.5

1.1 to 4.0

3.5

4.1 to 8.0

4.5

8.1 to 16.0

6.5

16.1 or greater

8.5

Source: Wisconsin Department of Natural Resources. 2004. Conservation Practice Standards. Site Evaluation for
Stormwater Infiltration (1002). Madison, WI.
Notes:
1. Ratio is determined by dividing the geometric mean measured infiltration rate at the proposed bottom elevation
of the BMP by the geometric mean measured infiltration rate of the least permeable soil horizon within 1.5
metres below the proposed bottom elevation of the BMP.
2. The design infiltration rate is calculated by dividing the geometric mean measured infiltration rate at the
proposed bottom elevation of the BMP by the safety correction factor.

The design infiltration rate should be used to determine the maximum depth of the water
storage component of the BMP, based on the desired drawdown period (typically 48 hours
to fully drain the BMP). Based on the calculated design infiltration rate, assumptions
regarding the bottom elevation of the BMP may need to be reconsidered and further
infiltration testing may be warranted.

C3.

Design Guidance for Infiltration Measures
The MOE Manual 2003 recommends applying lot level and conveyance controls to areas
with infiltration rates of greater than 15 mm/hr (soils with hydraulic conductivity as low as
10-8 m/s). For the purposes of site suitability, where the tested soil infiltration rate is low
(i.e. less than 15 mm/h), infiltration may still be feasible and therefore should still be
considered for all soil types. The Sustainable Technologies Evaluation Program
(www.sustainabletechnoligies.ca) provides a number of site monitoring reports
demonstrating infiltration on soils with low percolation rates. It is important to note that if
infiltration measures are not sited, designed, and maintained properly, these practices
may have the potential to contaminate groundwater, cause water to seep into the
basements and crawlspaces of homes and other structures, and create favourable breeding
habitat for mosquitoes.
The following steps are required to implement infiltration practices for water quality
control:
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Step 1 – Assess Vulnerability of the Groundwater System: While TRCA’s guidance is to
encourage infiltration, caution is warranted in promoting infiltration measures in
vulnerable areas, where infiltration of stormwater may pose risks to drinking water quality
and/or aquifer water quality. Please refer to Section C1 of this document on the steps
required to assess the vulnerability of the groundwater system and to determine if
infiltration of stormwater is appropriate.
Step 2 - Define Acceptable Infiltration Type Practices and Sizing: The LID Guide
describes a number of practices which can be used to offset the impacts associated with
new development or redevelopment. All of these practices are of benefit to some degree
for attaining targets relating to water quality, erosion, groundwater recharge, and water
balance to natural features.
Pre-treatment should be provided for all infiltration practices. Several pre-treatment
measures are available for infiltration practices, depending on the method of conveyance
and drainage areas, including oil-grit separators, forebays, grass filter strip, gravel
diaphragms etc.
Pre-treatment reduces the vulnerability of water resources to pollutants and prolongs the
life of infiltration facilities by capturing coarse sediment particles before they reach the
filter bed and cause premature clogging. In some cases, where the drainage areas produce
little sediment, such as rooftops, infiltration practices can function effectively without
pre-treatment. Further guidance for each LID practice is provided in the LID Guide.
The infiltration practices should be designed to fully drain the stormwater quality design
storm runoff volume within 48-hours (inter-event period) based on the percolation rate
determined in the field. It is recommended that the Guelph Permeameter test or
equivalent be used to define the percolation rate, refer to Section C2 for further details
on calculating percolation rate and hydraulic conductivity.
The approximate bottom area of the facility can be calculated using the following
equation:
A = (1000V) / (Pn∆t),
where A is the bottom area of the facility, V is the runoff volume to be infiltrated, P is the
percolation rate of the surrounding native soil, n is the porosity of the storage media, and
∆t is the desired retention time (i.e. 48 hours).

C4.
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D1.

Introduction
The following guidelines set out the requirements for maintaining hydrologic function
of natural features that have been recommended for protection through an Official
Plan designation, Subwatershed Study, Master Environmental Servicing Plan,
Environmental Impact Study, or another similar study, and/or in consultation with the
conservation authority and municipality. They outline the general requirements for a
water balance for natural features, which may be scoped down in consultation with the
conservation authority and municipality, depending on the sensitivity of the features,
degree of anticipated impacts, and the current planning stage.

1.1

Guiding Principles

The objective of protecting a natural feature’s specific water balance is to ensure that the
changes anticipated post development do not exceed the feature’s capacity to respond
and adapt, allowing for its long-term perpetuation and sustainability, while minimizing the
resources/interventions needed to manage and maintain it. This is really an assessment of
risk. The desire is to maintain the physical and biological complexity of the system and not
move to a more simplified system.
The information that is collected as part of the process to determine protection will assist
in scoping the work required to determine the existing hydrologic regime of the feature.
This information, in concert with information on the form and type of development that is
being proposed, will be used in the more detailed analysis.
It is important that the proponent’s consulting team meet with staff from the conservation
authority (CA) early in the process to detail the works required as part of the water
balance evaluation. Factors that will be considered when looking at field investigations,
instrumentation, and modeling include but are not limited to, the following:
 The extent that the feature is supported by ground water and the extent that is surface
water;
 The extent of the catchment (surface or ground water) that is going to be modified by
the proposal;
 The nature of the feature’s vegetation and habitat characteristics and their ecological
amplitude or range of conditions that they are suited to;
 The extent to which it has been agreed that the feature can be modified through the
development process (e.g. headwater features where the functions are to be replicated
through modifications).
Instrumentation and the type of modeling required will be based on the above (i.e.
information may or may not be available) and discussed with the CA. The CA will assess
the results to determine if the information/results are correct and will determine the
degree of error/risk associated with the analysis.
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1.2

Wetland Hydrology

Wetlands can naturally control peak floods by retaining water and allowing slow release of
water to receiving bodies (e.g. lakes, streams, aquifers). The hydroperiod is the seasonal
pattern of water level fluctuation (Mitsch and Gooselink, 2007; Wright et al. 2006; Azous
and Horner, 2001; Reinelt et al., 1998). It is the result of inflow and outflow, surface
contours of the landscape, substrate and groundwater conditions. Wetlands vary in their
susceptibility to changes in hydroperiod. Shallow wetlands may experience greater impacts
to decreases in water depth (i.e. reduction in water volume) than deeper wetlands since
even minor reductions in water depth may reduce the extent of flooding around the fringe
of shallow wetlands. Swamps may experience greater changes over the long term if flood
frequency and duration are altered since these features depend on a period of dry soils to
replenish the oxygen supply that will sustain the community during inundation. Under
natural conditions, groundwater dominated wetlands experience little fluctuation in water
levels due to seasonal variation in climate. However increases in imperviousness may
increase runoff and impact recharge rates thereby increasing surface water inputs and
decreasing the availability of groundwater to the wetland, respectively (Wright et al.
2006).
When they qualify as wetland, due to their size and dependence on climate, vernal pools
are likely the most sensitive wetland in terms of annual climatic variation. Obligate
species in vernal pools are accustomed to the hydrologic regime of their specific pools.
Changes to hydrology may create habitats unsuitable for inhabitants and may result in
habitats more suitable for predators previously not found, thereby changing the
composition and dynamics of the system.
Vegetation tolerance to fluctuations in water depth, duration and frequency varies
(Baldwin et al. 2001). As water depth increases community composition transitions to more
aquatic vegetation (floating or submergent species) or no vegetation at all. An increase in
the duration of inundation depletes nutrients and oxygen stored in the soil and prevents
recharge of these nutrients. Studies show that the frequency by which a wetland is
inundated influences plant richness. Increases in inundation can translate to decreases in
plant richness (Azous and Horner, 2000). Managing water balance with the intent to
maintain the hydroperiod of wetlands is the first step in ensuring the long-term health and
survivability of these features and those species that depend on them.

1.3

Woodland Hydrology

There is usually a decreasing gradation in soil moisture from wetlands to woodlands.
However, maintaining soil moisture in woodlands is important, particularly for those with
moisture regimes from moist-fresh (according to Lee, et al. 1998). Drier upland
communities may be less sensitive to surface water changes than, for example, wetlands.
However, water is important to these upland habitats as well. In woodlands, shallow
aquifers may interact with root zones. The species composition in upland communities is in
response to the hydrology of that given area. Vegetation adapts to the specific hydrology
and local conditions of their community. Generally, sugar maple, white ash, and white elm
are common in fresh to moist areas, whereas red oaks and red and white pines are more
prevalent in areas of dry regimes. Changes in hydrology can dry out or saturate soils,
changing the amount of oxygen available to roots. Moisture also plays a key role in
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decomposition of organic material, which affects the composition of soils within the
community.
Woodlands can be affected by development through changes to hydrology. Typically, predevelopment surface drainage to woodlands may be diverted away to storm sewers, or
these stormwater sewers may direct concentrated flow into woodlands where they
previously did not exist. These changes can cause increases or decreases in soil moisture or
water table levels that can cause detrimental community shifts over time. An example of
this is Altona Forest in Pickering, which has experienced drying of forest communities
following the development of surrounding lands and diversion of surface water drainage
(Behera and Graham, 2004). Managing the water balance with the intent to maintain the
functions of the hydrology of woodlands following development will also help to ensure
that the woodland is more resilient to the many stressors it will have to endure in urban
and urbanizing contexts.

1.4

Watercourse Hydrology

Variability in intensity, timing, and duration of precipitation and in the effects of terrain,
soil texture, and evaporation on the hydrologic cycle collectively form the local and
regional flow pattern. The timing, or predictability, of flow events is of paramount
ecological importance because the life cycles of many aquatic or riparian organisms are
timed to either avoid or exploit flows of variable magnitudes (Poff et al. 1997). For
example, the natural timing of high or low streamflows is a trigger for the initiation of life
cycle processes, such as spawning, egg hatching, rearing, movement onto floodplains for
feeding or reproduction, or migration upstream or downstream.
In addition, most permanently flowing streams derive their baseflow from groundwater,
interflow or wetland contributions. Groundwater discharge to streams may be more
significant in some reaches than others. Areas of strong groundwater discharge often
provide critical refuge or spawning habitat for some coldwater fish species. Protecting
these groundwater contributions is paramount for these species, but groundwater
discharge also provides thermal stability for many other species. It is important to manage
the water balance with the intent to maintain/replicate these groundwater contributions
through the development process via.
Urbanization can impact the natural flow regime by altering the hydrologic components.
Runoff tends to increase, and evapotranspiration and infiltration tend to decrease, causing
the flow regimes of streams to become more flashy (see rate of change of flow in
glossary), which stresses aquatic systems. Managing the water balance after development
occurs is critical to continued functionality for watercourses.
Headwater drainage features (HDFs) are zero or first-order streams, swales and wetlands,
which may not flow or sustain water year-round. Because of their small size and temporary
nature, HDFs provide the greatest opportunity for interaction between aquatic and
terrestrial ecosystems. These features are also considered to be important sources of food,
sediment, water, nutrients and organic material to downstream reaches (TRCA and CVC,
2007). Because they are temporary, HDFs have unique hydroperiods, different from
perennial streams, but important in maintaining downstream aquatic integrity. Headwater
drainage features also provide important habitat for amphibians (TRCA 2010) and other
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taxa that rely on temporary waters. Up to 90% of a river's flow can be derived from
catchment headwaters (Saunders et al. 2002).
Alterations to the hydroperiods of HDFs can change the hydrology of downstream
ecosystems and impact the supply of organic and inorganic materials that are important to
aquatic communities. Naturally variable flow regimes create and maintain the dynamics of
in-channel and floodplain conditions and habitats that are critical to aquatic life (Poff et
al. 1997). The timing, duration, magnitude, frequency, and rate of change of flow are all
critical components of flow (Poff et al. 1997; Saunders et al. 2002; Richter et al. 1997).
Together these components constitute the flow regime or hydrological regime of an area.
The critical components for aquatic communities, including water temperature, dissolved
oxygen concentrations, suspended sediment loads, nutrient availability, and physical
habitat structure, all vary with hydrological regime (Richter et al. 1997). As such, aquatic
communities are vulnerable to changes in the flow regime. Poff et al. (1997) suggest that
flow regime is the ‘master variable’ limiting the distribution and abundance of riverine
species.

D2.

Definitions
2.1

Wetland

As a result of Ontario Regulation 97/04 (Generic Regulation), “wetlands” became areas
that can be regulated under Section 28(1) of the Conservation Authorities Act. A wetland
is defined as land that:
a.

is seasonally or permanently covered by shallow water or has a water table close to
or at its surface,

b.

directly contributes to the hydrologic function of a watershed through a connection
with a surface watercourse,

c.

has hydric soils, the formation of which has been caused by the presence of abundant
water, and

d.

has vegetation dominated by hydrophytic plants or water tolerant plants, the
dominance of which has been favoured by the presence of abundant water, but does
not include periodically soaked or wet land that is used for agricultural purposes and
no longer exhibits a wetland characteristic referred to in clause (c) or (d).

Under the Provincial Policy Statement (2005), wetland refers to:
Lands that are seasonally or permanently covered by shallow water, as well as lands
where the water table is close to or at the surface. In either case the presence of
abundant water has caused the formation of hydric soils and has favoured the dominance
of either hydrophytic plants or water tolerant plants. The four major types of wetlands
are swamps, marshes, bogs and fens. Periodically soaked or wet lands being used for
agricultural purposes, which no longer exhibit wetland characteristics, are not considered
to be wetlands for the purposes of this definition.
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Under the Oak Ridges Moraine Conservation Plan (2002) and the Greenbelt Plan (2005),
wetland is defined as:
Land such as swamp, marsh, bog or fen (not including land that is being used for
agricultural purposes and no longer exhibits wetland characteristics) that:
a.

Is seasonally or permanently covered by shallow water or has the water table close to
or at the surface;

b.

Has hydric soils and vegetation dominated by hydrophytic or water-tolerant plants;
and

c.

Has been further identified, by the Ministry of Natural Resources or by any other
person, according to evaluation procedures established by the Ministry of Natural
Resources, as amended from time to time.

A feature that meets any of the above applicable definitions would qualify as a wetland for
the purposes of this guideline.

2.2

Woodland

A woodland is defined by the Provincial Policy Statement (2005) as:
Treed areas that provide environmental and economic benefits to both the private
landowner and the general public, such as erosion prevention, hydrological and nutrient
cycling, provision of clean air and long-term storage of carbon, provision of wildlife
habitat, outdoor recreational opportunities, and the sustainable harvest of a wide range
of woodland products. Woodlands include treed areas, woodlots or forested areas and
vary in their level of significance at the local, regional and provincial levels.
The Oak Ridges Moraine Conservation Plan (2002) defines a woodland as:
A treed area, woodlot or forested area, other than a cultivated fruit or nut orchard or a
plantation established for the purpose of producing Christmas trees
The Greenbelt Plan (2005) defines a woodland as:
Treed areas that provide environmental and economic benefits to both the private
landowner and the general public, such as erosion prevention, hydrological and nutrient
cycling, provision of clean air and the long-term storage of carbon, provision of wildlife
habitat, outdoor recreational opportunities, and the sustainable harvest of a wide range
of woodland products. Woods include treed areas, woodlots or forested areas.
A feature that meets any of the above applicable definitions, or any definition used by a
municipality in their Official Plan, would qualify as a woodland for the purposes of this
guideline. Note that swamps are considered to be wetlands and not woodlands for the
purposes of this guideline.

2.3

Watercourse

The 1998 amendments to the Conservation Authorities Act, and subsequent approval of
individual Section 28(1) Regulations by the Minister of Natural Resources in May 2006, gave
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all Conservation Authorities the legal right to apply a consistent definition of watercourse,
which is:
An identifiable depression in the ground in which a flow of water regularly or
continuously occurs.
Headwater drainage features, which are ephemeral or intermittent streams or swales,
could qualify as a watercourse under this definition and may also require a water balance
to protect hydrological function.

2.4

Negative Impacts

According to the Provincial Policy Statement (2005), negative impact means:

D3.

a.

degradation to the quality and quantity of water, sensitive surface water features
and sensitive ground water features, and their related hydrologic functions, due to
single, multiple or successive development or site alteration activities;

b.

in regard to fish habitat, the harmful alteration, disruption or destruction of fish
habitat, except where, in conjunction with local authorities, it has been authorized
under the Fisheries Act; and

c.

in regard to other natural heritage features and areas, degradation that threatens
the health and integrity of the natural features or ecological functions for which an
area is identified due to single, multiple or successive development or site alteration
activities.

Water Balance Requirements for Wetlands (Including Vernal
Pools)
These guidelines set out the steps for undertaking a water balance when a development is
proposed that may affect a wetland that has been identified for protection through the
planning or regulatory process within the CA’s jurisdiction. Vernal pools that support
amphibians may also require a water balance analysis if there is a likelihood that the
proposed development will impact the features and their functions.
Overall Objective: Maintain quantity of surface water and groundwater contributions that
ensures the pre-development hydroperiod (seasonal pattern of water level fluctuation) of
the wetland is protected. The proposed development does not cause changes to the
hydroperiod that negatively impact the hydrological functions of the feature. In areas
identified as degraded, the objective may be to enhance water balance of the feature.
Vernal pools may be small inclusions in larger woodland polygons, which may not be
specifically targeted through a woodland water balance. Since hydrology may be an
important factor that allows sensitive amphibian species to inhabit vernal pools, a wetland
water balance should be undertaken where deemed necessary for these features. For
vernal pools that are identified as being ecologically important, please consult the CA and
municipality prior to undertaking an evaluation to determine appropriate requirements.
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MNR must also be contacted if species at risk are known to use the vernal pool or any other
wetland feature. Wildlife Scientific Collectors Authorizations (WSCAs) and Endangered
Species Act (ESA) permits are required for any surveys or studies to investigate for the
presence of species at risk.
Consult with CA and municipal staff to establish the terms of reference (TOR) and scope of
work.
The following is a general outline of the process and requirements for undertaking a water
balance for wetlands.
Step 1 – Determining the Need for a Water Balance


Identify existing and proposed land uses.



Delineate the area contributing (both surface and ground water catchments) to the
wetland, and determine if the proposal may affect the catchment or wetland directly.



If the change in catchment size, the amount and form of the development and the
sensitivity of the wetland are such that an impact is likely, a water balance will be
required. Consult with Conservation Authority and municipal staff to establish the
terms of reference (TOR) and scope of work. The following steps outline the general
requirements.

Step 2 – Establishing Baseline Conditions


Using a digital elevation model or detailed topographical information, determine the
topographical contours on the site and catchment for the feature to the finest
resolution possible (e.g. 0.25 m or less).



Delineate the bathymetry of the wetland by with a series of water depth
measurements referenced to a known elevation.



Collect baseline data on wetland water levels using staff gauges, data logger
(continuous basis) and/or mini-piezometer(s), as necessary, for a minimum of 3 years.
The number and arrangement of instrumentation and methods of equipment
installation (to manage potential impacts) should be determined in consultation with
the Conservation Authority.



To supplement mini-piezometer data, measure depths of organic layers and depths to
mottles and gley using a soil core or auger in order to ascertain vertical water level
fluctuations. High water marks may also be observed and measured.



For multiple developments within the same wetland catchment, a comprehensive,
coordinated water balance analysis should be undertaken, with Conservation Authority
and municipal staff to assist in facilitating discussion and development of TOR.



All monitoring should stay in place throughout the development process in order to
establish multiple years of data pre and post development for the monitoring plan
(see Step 6).

Step 3 – Developing the Existing Conditions Water Budget Model


Conduct a soils analysis and/or borehole drilling program within the catchment to
determine the proportion of precipitation that will characterize the components of
the water budget (i.e. runoff vs. infiltration).
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Determination of soil characteristics and permeability estimates should be performed
using field testing methods:


visual examination and description of shallow surficial soil and changes in lithology
with depth;



hydraulic testing for permeability such as percolation tests at a selection of sites
within the wetland catchment area. Distinct soils would require separate tests;



the Guelph Permeameter and double ring infiltrometer are two approved methods
for percolation testing.



Although grain size distribution analysis assists in identifying the soil constituents
(clay, silt, sand, gravel) and soil type, it alone does not allow estimates of
permeability for tills that predominately occur within the area.



Check with the Conservation Authority regarding the location of existing rain gauges
to obtain precipitation data. Additional rain gauges may or may not be required.



Using the information gathered through Step 2 and the soils analysis, determine the
quantity and flow paths of water to the wetland(s), and describe the proportion of
flows that reach the wetland(s) via surface water and groundwater from the subject
site. Ensure that each subcatchment is appropriately identified and characterized.



Include inflow and outflow information for the wetland in order to ascertain the type
of wetland being assessed (i.e. palustrine, isolated, riverine or lacustrine), and how
this affects the wetland’s hydrology.



Develop an Existing Conditions Water Budget using an approved continuous model,
such as PRMS, HSPF, QUALHYMO, or SWMM, to be calibrated with measured data
where available and technically appropriate. A groundwater model is not a
requirement for the wetland water budget at this time (although the applicant is free
to propose to use a groundwater model in addition to a surface water model). The
understanding of groundwater/surface water interactions should inform the selection
and set up of the surface water models described above.



Run long-term analysis based on nearest available climate data, e.g. precipitation,
temperature, etc. as a minimum, using the period between 1991 and 2008, which is
considered to be representative. Using a 30-year climate record or greater is
preferred.



Using the long-term climate record, determine if the measured data represent a wet
or dry year, and run the model under varying scenarios.



Daily water balance analysis should be used to generate weekly results. Consult with
the Conservation Authority and municipality to determine if an alternate resolution is
more appropriate.



It may be necessary to submit the Existing Conditions Water Budget Model, existing
conditions/inventory data and calculations to the Conservation Authority and
municipality for review and approval prior to proceeding to Step 4.

Step 4 – Comparing Pre-development and Post-development


In consultation with the Conservation Authority and appropriate agencies, establish
water balance goals and targets for the wetland’s hydroperiod (including extent,
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duration, depth and timing) maintaining consistency with targets and objectives
determined through subwatershed plans, watershed plans, or other relevant studies


Conduct a water budget analysis to determine how the proposed changes in landuse
within the wetland catchment will affect the water budget. Conduct a daily water
balance analysis and generate results on a weekly basis.



A comparison of pre- development and post-development groundwater conditions can
be completed in a number of ways. For example, dewatering calculations (when
appropriate) or a comparison of pre-development and post-development groundwater
recharge rates. The approach should be discussed with the Conservation Authority,
including how the groundwater and surface water assessment results will be
incorporated.



Based on the modeled analysis, quantify changes in infiltration, runoff, and
evapotranspiration, as well as changes in the distribution of flow paths, and surface
water and groundwater levels on a weekly basis to determine if the development will
result in changes to the wetland hydroperiod.



Generate maps, tables and graphs illustrating these changes. Plot the predevelopment and post-development hydroperiods on graphs, and delineate the area of
flooding on a seasonal/monthly basis on maps.

Step 5 – Applying Mitigation


Please note that the Conservation Authority prefers that clean roof water be utilized
to make-up the wetland water balance and that treated stormwater should be
redirected to nearby creeks.



Apply mitigation measures to manage the water balance with the intent to maintain
the pre-development hydroperiod of the wetland according to the Overall Objective.



If the pre-development runoff and/or infiltration cannot be achieved through the
proposed mitigation measures, an analysis of the anticipated negative impacts will
need to be completed in order to determine if the Overall Objective is adhered to. If
negative impacts are anticipated, additional mitigation measures will be required.

Step 6 – Reporting and Monitoring


Synthesize the information gathered through the above steps into a water balance
report and submit to the Conservation Authority and municipality for review. Provide
a comparison table showing the differences between the pre-development conditions,
post-development condition, and the post-development with mitigation condition for
all components of the water budget and for each subcatchment. Appendices
containing models and calculations shall be provided.



Consult with the Conservation Authority and municipality to determine if monitoring is
required. If monitoring is required, the report should discuss proposed postdevelopment monitoring of all baseline parameters to determine the effectiveness of
mitigation measures and to assess the level and extent of negative impacts, if any. A
Terms of Reference for the monitoring plan should be included in the water balance
report. For significant features, the requirement for a monitoring plan can be
anticipated.
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A 3-year post-development monitoring plan should be developed, however more may
be required depending on the scope and scale of the development (i.e. timing and
duration of build-out). A post-development monitoring report should be submitted to
the Conservation Authority and municipality at the end of the monitoring period.



Generally, the purpose of this monitoring will be to monitor changes to the hydrology
of the natural features and identify whether remediation measures to tweak the
hydrology should be employed. These remediation measures need to be considered
early on in the planning phases in order to ensure feasibility, and identified through
discussion with the Conservation Authority and municipality. A Contingency Plan (for
short-term impacts) and an Adaptive Management Plan (for the long-term) should be
developed in these instances to identify steps to be taken if it is identified that there
is a negative impact on the feature. Mitigation considered in previous steps should be
designed to account for opportunities to refine the hydrology.

Water Balance Requirements for Woodlands
These guidelines set out the steps for undertaking a water balance when a development is
proposed that may affect a woodland that has been identified for protection through the
planning process within the Conservation Authority’s jurisdiction. These guidelines only
apply to woodlands with moist-fresh moisture regimes according to Lee et al. (1998),
and/or when the water table is less than 3 m below ground in spring (Schenk and Jackson,
2002, Crow 2005). They are meant to apply to more sensitive core, mature habitats and
not to plantations, successional, corridors, or marginal habitats.
Overall Objective: Manage the water balance with the intent to 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 of the
woodland. In areas identified as degraded, the objective may be to enhance water balance
of the feature.
The following is a general outline of the process and requirements for undertaking a water
balance for woodlands:
Step 1 – Determining the Need for a Water Balance


Identify existing and proposed land uses.



Delineate the area contributing (both surface and ground water catchments) to the
woodland, and determine if the proposal may affect the catchment or woodland
directly.



If the change in catchment size, the amount and form of the development and the
sensitivity of the woodland are such that an impact is likely, a water balance will be
required. Consult with Conservation Authority and municipal staff to establish the
terms of reference (TOR) and scope of work. The following steps outline the general
requirements.

Step 2 – Developing the Existing Conditions Water Budget Model
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Using a digital elevation model or detailed topographical information, determine the
topographical contours on the site and for the feature using the finest resolution
possible.



Conduct a soils analysis and/or borehole drilling program within the catchment to
determine the proportion of precipitation that will characterize the components of
the water budget (i.e. runoff vs. infiltration).



Check with the Conservation Authority regarding the location of existing gauges to
obtain precipitation data. Additional rain gauges may or may not be required. For
multiple developments within the same woodland catchment, a comprehensive,
coordinated water balance analysis should be undertaken, with Conservation Authority
and municipal staff to assist in facilitating discussion and development of TOR.



Determine the quantity and flow paths of water to the woodland(s), and describe the
proportion of flows that reach the woodland(s) via surface water and groundwater
from the subject site. Ensure that each subcatchment is appropriately identified and
characterized.



Develop an Existing Conditions Water Budget using an approved continuous model,
such as PRMS, HSPF, QUALHYMO, or SWMM. A groundwater model is not a requirement
for the water budget at this time (although the applicant is free to propose to use a
groundwater model in addition to a surface water model). The understanding of
groundwater/surface water interactions should inform the selection and set up of the
surface water models described above.



Run long-term analysis based on nearest available climate data, e.g. precipitation,
temperature, etc., as a minimum, using the period between 1991 and 2008, which is
considered to be representative. Using a 30-year climate record or greater is
preferred.



Using the long-term climate record, determine if the measured data represent a wet
or dry year, and run the model under varying scenarios.



Daily water balance analysis should be used to generate monthly results. Consult with
the Conservation Authority and municipality to determine if an alternate resolution is
more appropriate.



It may be necessary to submit the Existing Conditions Water Budget Model to the
Conservation Authority and municipality for review and approval prior to proceeding
to Step 4.

Step 3 – Comparing Pre-development and Post-development


In consultation with the Conservation Authority and appropriate agencies, establish
water balance goals and targets consistent with subwatershed plans, watershed plans,
and other relevant studies.



Conduct a water balance analysis to determine how the proposed changes in landuse
within the woodland catchment will affect the water budget. A daily water balance
analysis should be undertaken to generate monthly results.



A comparison of pre- development and post-development groundwater conditions can
be completed in a number of ways. For example, dewatering calculations (when
appropriate) or a comparison of pre-development and post-development groundwater
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recharge rates. The approach should be discussed with the Conservation Authority,
including how the groundwater and surface water assessment results will be
incorporated.


Based on the modeled analysis, quantify changes in infiltration, runoff, and
evapotranspiration, as well as changes in the distribution of flow paths, and surface
and groundwater levels. Provide the information on a monthly basis to determine if
the development will result in changes to the woodland hydrology. Provide maps,
tables and graphs as necessary.

Step 4 – Applying Mitigation


Apply mitigation measures to manage the water balance with the intent to maintain
the pre-development hydrology of the woodland according to the Overall Objective.



If the pre-development runoff and/or infiltration cannot be achieved through the
proposed mitigation measures, an analysis of the anticipated negative impacts will
need to be completed in order to determine if the Overall Objective is adhered to. If
negative impacts are anticipated, additional mitigation measures will be required.



Please note that the Conservation Authority prefers to utilize clean roof water to
augment the woodland water balance and to redirect treated stormwater away to
nearby creeks.

Step 5 – Reporting and Monitoring


Synthesize the information gathered through the above steps into a water balance
report and submit to the Conservation Authority and municipality for review. Provide
a comparison table showing the differences between the pre-development conditions,
post-development condition, and the post-development with mitigation condition for
all components of the water budget and for each subcatchment. Appendices
containing models and calculations shall be provided.



Consult with the Conservation Authority and municipality to determine if monitoring is
required. If monitoring is required, the report should discuss proposed postdevelopment monitoring of all baseline parameters to determine the effectiveness of
mitigation measures and to assess the level and extent of negative impacts, if any. A
Terms of Reference for the monitoring plan should be included in the water balance
report.



A minimum 3-year post-development monitoring plan should be developed, however
more may be required depending on the scope and scale of the development (i.e.
timing and duration of build-out). A post-development monitoring report should be
submitted to the Conservation Authority and municipality at the end of the monitoring
period.



Generally, the purpose of this monitoring will be to monitor changes to the hydrology
of the natural features and identify whether remediation measures to tweak the
hydrology should be employed. These remediation measures need to be considered
early on in the planning phases in order to ensure feasibility, and identified through
discussion with the Conservation Authority and municipality. A Contingency Plan (for
short-term impacts) and an Adaptive Management Plan (for the long-term) should be
developed in these instances to identify steps to be taken if it is identified that there
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is a negative impact on the feature. Mitigation considered in previous steps should be
designed to account for opportunities to refine the hydrology.

D5.

Water Balance Requirements for Watercourses (Including
Headwater Drainage Features)
These guidelines set out the steps for undertaking a water balance when a development is
proposed that may affect a watercourse and/or headwater drainage feature that has been
identified for protection through the planning or regulatory process in the Conservation
Authority’s jurisdiction.
NOTE: For headwater drainage features, please refer to the Evaluation, Classification and
Management of Headwater Drainage Features (HDF): Interim Guidelines March 2009, and
ensure that the requirements for meeting management recommendations of the interim
headwater guidelines are met, prior to proceeding with the water balance analysis, as
necessary.
The requirements listed below are expected for all watercourses and HDFs, unless
otherwise determined in consultation with the appropriate agencies. Please obtain further
guidance from the Ministry of Natural Resources (MNR) regarding the locations of
watercourses being managed for species at risk under the Endangered Species Act.
Overall Objective: Manage the water balance with the intent to maintain quantity of
surface water and groundwater contributions with respect to duration, frequency,
magnitude, and flow. In areas identified as degraded, the objective may be to enhance
water balance of the feature.
Fish community, management zone mapping, and targets are defined by the Fisheries
Management Plan (FMP) at the watershed scale, but may be further refined based on more
recent information. In cases where an FMP does not exist, the proponent should consult
with the Conservation Authority for further information and appropriate targets.
The following is an outline of the process for undertaking a water balance for
watercourses:
Step 1 – Determining the Need for a Water Balance


Identify existing and proposed land uses.



Delineate the area contributing (both surface and ground water catchments) to the
watercourse on the subject property, and determine if the proposal may affect the
catchment or watercourse directly.



If the change in catchment size, the amount and form of development, and the
sensitivity of the watercourse are such that an impact is likely, a water balance will
be required.



Consult with Conservation Authority and municipal staff to establish the terms of
reference (TOR) and scope of work. The following steps outline the general
requirements.
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Step 2 – Establishing Baseline Conditions


Determine stream classification based on relevant Fisheries Management Plan
including community classification, targets, and management objectives.



MNR must also be contacted if species at risk are known to occupy the watercourse.
Scientific Collectors Authorizations and Endangered Species Act (ESA) permits are
required for any surveys or studies to investigate for the presence of species at risk.



Identify groundwater discharge/seepage, tile drain outlets, culverts, and other
relevant features that could affect drainage to the watercourse, if any, on maps for
submission.



Collect continuous baseline data (data loggers) on hydraulic gradients using minipiezometers for 3 full years to identify vertical hydraulic gradients.



Collect baseline data on stream flows on a continuous basis (data loggers), for at least
one full year or check with the Conservation Authority for stream gauge data.
Instrumentation should be placed in the watercourse at the upstream limit of the
proposed development site, and another should be placed at the downstream limit of
the site in order to assess and quantify whether the watercourse is a losing or gaining
stream.



It is recommended that the proponent consult with the Conservation Authority as it
may have some of the above information.



Contact the Conservation Authority for agreement on the Terms of Reference for
study design, location and number of instrumentation required and to manage impacts
associated with equipment installation.



All monitoring should stay in place throughout the development process in order to
establish multiple years of data for the monitoring plan (see Step 6).

Step 3 – Developing the Existing Conditions Water Budget Model


Conduct a soils analysis and/or borehole drilling program to determine the proportion
of precipitation that will characterize the components of the water budget (i.e. runoff
vs. infiltration).



Check with the Conservation Authority regarding the location of existing gauges to
obtain precipitation data. Additional rain gauges may or may not be required.



Using the information gathered through Step 2 and the soils analysis, determine the
quantity and flow paths of water to the watercourse, and describe the proportion of
flows that reach the watercourse via surface water and groundwater from the subject
site. Ensure that each subcatchment is appropriately identified and characterized.



Develop an Existing Conditions Water Budget using an approved continuous model,
such as PRMS, HSPF, QUALHYMO, or SWMM, to be calibrated with measured data
where available. A groundwater model is not a requirement for the water budget at
this time (although the applicant is free to propose to use a groundwater model in
addition to a surface water model). The understanding of groundwater/surface water
interactions should inform the selection and set up of the surface water models
described above.
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Run long-term analysis based on nearest available climate data, e.g. precipitation,
temperature, etc., as a minimum, using the period between 1991 and 2008, which is
considered to be representative. Using a 30-year climate record or greater is
preferred.



Using the long-term climate record, determine if the measured data represent a wet
or dry year, and run the model under varying scenarios.



Daily water balance analysis should be used to generate weekly results. Consult with
the Conservation Authority and municipality to determine if an alternate resolution is
more appropriate.



It may be necessary to submit the Existing Conditions Water Budget Model to the
Conservation Authority and municipality for review and approval prior to proceeding
to Step 4.

Step 4 – Comparing Pre-development and Post-development


In consultation with the Conservation Authority and appropriate agencies, establish
water balance goals and targets consistent with subwatershed plans, watershed plans,
fisheries management plans, and other relevant studies.



Conduct a water budget analysis to determine how the proposed changes in landuse
within the watercourse(s) catchment will affect the water balance.



A comparison of pre- development and post-development groundwater conditions can
be completed in a number of ways. For example, dewatering calculations (when
appropriate) or a comparison of pre-development and post-development groundwater
recharge rates. The approach should be discussed with the Conservation Authority,
including how the groundwater and surface water assessment results will be
incorporated.



Based on the modeled analysis, quantify changes in infiltration, runoff, and
evapotranspiration, as well as changes in the distribution of flow paths, particularly
groundwater discharge/upwellings cumulatively and on a weekly basis.



Generate maps, tables and graphs illustrating these changes. Plot the predevelopment and post-development hydrograph.

Step 5 – Applying Mitigation


Apply mitigation measures to manage the water balance with the intent to maintain
the pre-development hydrology of the watercourse or HDF according to the Overall
Objective.



If the pre-development runoff and/or infiltration cannot be achieved through the
proposed mitigation measures, an analysis of the anticipated negative impacts will
need to be completed in order to determine if the Overall Objective is adhered to. If
negative impacts are anticipated, additional mitigation measures will be required.

Step 6 – Reporting and Monitoring


Synthesize the information gathered through the above steps into a water balance
report and submit to the Conservation Authority and municipality for review. Provide
a comparison table showing the differences between the pre-development conditions,
post-development condition, and the post-development with mitigation condition for
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all components of the water budget and for each subcatchment. Appendices
containing models and calculations shall be provided.

D6.



Consult with the Conservation Authority and municipality to determine if monitoring is
required. If monitoring is required, the report should discuss proposed postdevelopment monitoring of all baseline parameters to determine the effectiveness of
mitigation measures and to assess the level and extent of negative impacts, if any. A
Terms of Reference for the monitoring plan should be included in the water balance
report.



A minimum 3-year post-development monitoring plan should be developed, however
more may be required depending on the scope and scale of the development (i.e.
timing and duration of build-out). A post-development monitoring report should be
submitted to the Conservation Authority and municipality at the end of the monitoring
period.



Generally, the purpose of this monitoring will be to monitor changes to the hydrology
of the natural features and identify whether remediation measures to tweak the
hydrology should be employed. These remediation measures need to be considered
early on in the planning phases in order to ensure feasibility, and identified through
discussion with the Conservation Authority and municipality. A Contingency Plan (for
short-term impacts) and an Adaptive Management Plan (for the long-term) should be
developed in these instances to identify steps to be taken if it is identified that there
is a negative impact on the feature. Mitigation considered in previous steps should be
designed to account for opportunities to refine the hydrology.

Glossary
Bog – a wetland ecosystem characterized by high acidity, low nutrient levels, and
accumulation of peat and mosses, chiefly Sphagnum. The water table is at or near the
surface in spring, and slightly below during the remainder of the year. The bog surface is
often raised, or if flat or level with the surrounding wetlands, it is virtually isolated from
mineral soil waters. Peat is usually formed in situ under closed drainage and oxygen
saturation is very low. In Ontario, defined by a lack of vascular plant diversity.
Catchment – the groundwater and/or surface water drainage area from which a woodland,
wetland or watercourse derives its water.
Duration– the period of time associated with a specific water level condition
Extent – the lateral distance inundated by water
Fen – characterized by surface layers of poorly to moderately decomposed peat, often
with well-decomposed peat near the base. The waters and peats are less acid than in bogs,
and often are relatively nutrient rich and minerotrophic since they receive water through
groundwater discharge from adjacent uplands. May occur in rich non-peat based systems.
Fens are characterized in Ontario by the presence of fen-indicator plant species.
Frequency– how often a water level above a given magnitude recurs over some specific
time interval; inversely related to magnitude

TORONTO AND REGION CONSERVATION AUTHORITY  AUGUST 2012  VERSION 1.0

STORMWATER MANAGEMENT CRITERIA ▪ APPENDIX D: WATER BALANCE FOR PROTECTION OF NATURAL FEATURES

Gley – A blue-grey colour in soil due to the reduction of iron. Formed in a process
characterized by low oxygen conditions due to permanent water logging. The depth to gley
in soils of different types is a diagnostic indication of the moisture regime.
Groundwater - Water that occurs below the earth’s surface. It originates as precipitation,
runoff, and snowmelt, which infiltrates vertically downward into the ground via gravity to
the water table.
Hydraulic gradient – a measure of the change in groundwater head over a given distance.
Maximum flow will normally be in the direction of the maximum fall in head per unit of
vertical distance.
Hydric soils – a soil that is saturated, flooded or ponded long enough during the growing
season to develop anaerobic conditions.
Hydrologic cycle – The continuous movement of water from the oceans to the atmosphere
(by evaporation), from the atmosphere to the land by condensation and precipitation, and
from the land back to the sea (via groundwater and stream flow.
Hydrologic Function – means the functions of the hydrological cycle that include the
occurrence, circulation, distribution and chemical and physical properties of water on the
surface of the land, in the soil and underlying rocks, and in the atmosphere, and water’s
interaction with the environment including its relation to living things.
Hydrology – A science dealing with the properties, distribution, and circulation of water on
the land surface and in the soil, underlying rocks, and atmosphere.
Hydroperiod – the seasonal pattern of water level fluctuation. This approximates the
hydrologic signature of each wetland type (Mitsch and Gooselink, 2007; Wright et al. 2006;
Azous and Horner, 2001; Reinelt et al., 1998). Four attributes are important for this
pattern, including extent, duration, depth and timing of inundation.
Interflow - The lateral movement of water in the unsaturated zone during and
immediately after a precipitation event. The water moving as interflow discharges
directly into a stream or lake, but is considered to be a component of the groundwater
system.
Isolated wetland – wetlands that have no surface inflow or outflow, such as kettle
wetlands. Inflows occur mainly as sheet flow and outflows occur mainly through
infiltration.
Lacustrine wetland – wetlands that are situated on and/or are influenced by lakes.
Magnitude– the amount of water moving past a fixed location per unit time
Mottles – spots or blotches of different colours or shades of colours interspersed with the
dominant colour, usually the result of alternating aerobic and anaerobic soil conditions.
Caused by the oxidation of iron within the soil, it is indicative of poor drainage and
seasonal water logging. The depth to mottles in soils of different types is a diagnostic
indication of the moisture regime.
Marsh – marshes are wet areas periodically inundated with standing or slowly moving
water, and/or inundated areas characterized by robust emergents or anchored floating
plants and submergents.
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Moisture regime – The available moisture supply for plant growth estimated in relative or
absolute terms; classifications for moisture regimes come from the integration of several
factors, including soil texture and drainage, and depth to mottles and gley.
Palustrine wetland – wetlands with no or intermittent inflows and either intermittent or
permanent outflows.
Rate of change– how quickly flow changes from one magnitude to another (i.e. flashiness).
Riverine wetland – wetlands that are situated on and are influenced by rivers. Usually
defined as wetland units with permanent inflows and outflows.
Surface water - Water-related features on the earth’s surface, including headwaters,
rivers, stream channels, inland lakes
Swamp – swamps are wetlands with 25% cover or more of trees or shrubs. Standing to
gently flowing waters occur seasonally or persist for long periods on the surface. Many
swamps are characteristically flooded in spring, with dry relict pools apparent later in the
season.
Timing– the regularity with which a flow or water level of a certain magnitude occurs
Vernal pools – temporary pools of water that are usually devoid of fish, and thus allow the
safe development of natal amphibian and insect species.
Water budget – the mathematical expression of the water balance.
Water balance – the accounting of inflow and outflow of water in a system according to
the components of the hydrologic cycle.
Water table - The zone where the pore spaces are fully saturated.

D7.
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E1.

Stormwater Management Pond Planting Guidelines
These guidelines should be used when designing the stormwater management planting
plans for stormwater management ponds where they are adjacent to natural areas. Some
of these requirements should also be reflected on the engineering plans. These are TRCA
Guidelines. Local municipal staff should also be consulted as requirements may vary. There
are five distinct moisture zones found within SWM ponds (Figure E 1).
Figure E 1: SWM Pond Moisture Zones

Plantings that are appropriate for the conditions of each zone should be provided. Please
refer to Table E 1 for acceptable species. Early successional native species of trees, shrubs
and herbaceous vegetation that are compatible and complementary to adjacent natural
areas should be used. The moisture zones include:


Deep water areas – include a minimum of 2 species each of submergent and floating
species between water depths of 1-2m.



Shallow water areas – include a minimum of 2 species each of robust, broadleaved and
narrow-leaved emergent plants for water depths less than 0.5m.
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Extended detention or shoreline fringe areas – include a minimum of 2 species each of
hydric grasses and shrubs up to 1m inland (horizontal) from the permanent water
level.



Flood fringe areas – include a minimum of 2 flood tolerant species each of grasses and
herbs and 4 flood tolerant species each of shrubs and trees within the 2 to 100 year
storm levels. Within 3m (horizontal) of the permanent water level, suitable
overhanging trees should be planted to provide shade to the pond. A suitable mix of
deciduous and coniferous trees should be used.



Upland areas – include a minimum of 2 upland species each of grasses and herbs and 4
upland species each of shrubs and trees at least 3m (horizontal) from the maximum
water level, including all areas surrounding the pond (other than maintenance road,
sediment drying areas, etc.). These species should be early successional and tolerant
of drought conditions. A suitable mix of deciduous and coniferous trees should be
used.

In order to protect downstream cool to coldwater fisheries, bottom-draw outlet structures
should be employed, complemented by high densities of shading trees and shrubs.
Increased solar heating of standing pond water may have thermal impacts on downstream
aquatic resources, which will require mitigation. Consideration should also be given to the
design of the outlet structure, for example the use of infiltration techniques, or other
devices may be required to further mitigate thermal impacts to the receiving watercourse.
Table E 1: Acceptable Plant Species List
Plant Type

Common Name

Scientific Name

Suitable
Moisture
Zone

Tree

Sugar Maple

Acer saccharum ssp. Saccharurr

5

Red Maple

Acer rubrum

3, 4,5

Silver Maple

Acer saccharinum

3, 4,5

Bur Oak

Quercus macrocarpa

4,5

Red Oak

Quercus rubra

5

White Ash

Fraxinus americana

5

Green Ash

Fraxinus pennsylvanica

4,5

Black Ash

Fraxinus nigra

3, 4,5

Black Cherry

Prunus serotina

5

Balsam Poplar

Populus balsamifera spp.
balsamifera

4,5

Trembling Aspen

Populus tremuloides

5

Shagbark Hickory

Carya ovata

5

Bitternut Hickory

Carya cordiformis

5

White Spruce

Picea glauca

4,5

White Cedar

Thuja occidentalis

3, 4,5

Tamarack

Larix laricina

4,5

Shining Willow

Salix lucida

3, 4

Black Willow

Salix nigra

3, 4
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Plant Type

Shrub

Aquatic Submergent

Common Name

Scientific Name

Suitable
Moisture
Zone

Peach-leaved Willow

Salix amygdaloides

3, 4,5

White Pine

Pinus strobus

5

Red Osier Dogwood

Cornus stolonifera

3,4,5

Gray Dogwood

Cornus foemina spp. racemosa

4,5

Alternate Leaved
Dogwood

Cornus alternifolia

5

Chokecherry

Prunus virginiana

5

Witherod Viburnum

Viburnum cassinoides

3, 4

Nannyberry

Viburnum lentago

4,5

Highbush Cranberry

Viburnum trilobum

3, 4

Serviceberry

Amelanchier spp.

5

Bush Honeysuckle

Diervilla lonicera

4,5

Black Chokeberry

Aronia melanocarpa

3,4

Common Winterberry

Ilex verticillata

3,4

Common Elderberry

Sambucus canadensis

3,4,5

Pussy Willow

Salix discolor

3,4

Sandbar Willow

Salix exigua

3,4

Shining Willow

Salix lucida

3,4

Peach-leaved Willow

Salix amygdaloides

3,4

Slender Willow

Salix petiolaris

3,4

Bebb’s Willow

Salix bebbiana

3,4

Sage-leaved/Hoary
Willow

Salix candida

3,4

Narrow-leave
Meadowsweet

Spirea alba

3,4

Black Willow

Salix nigra

3,4

Staghorn Sumac

Rhus typhina

5

Common Buttonbush

Cephalanthus occidentalis

3,4

Common Ninebark

Physocarpus opulifolius

3,4

Speckled Alder

Alnus incana spp. ranus

3,4

Common Waterweed

Elodea canadensis

1

Coontail

Ceratophyllum demersum

1

Tape Grass

Vallisneria americana

1

Northern Water

Milfoil Myriophyllum sibiricum

1

Water Starwort

Callitriche hermaphroditica

1

Slender/Small
Pondweed

Potamogeton pusillus

1

Notes

Not to be
confused with
invasive
Eurasian Milfoil
(M. spicatum)
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Plant Type

Common Name

Scientific Name

Suitable
Moisture
Zone

Aquatic Floating

White Water Lily

Nymphea odorata

1

Floating Pondweed

Potamogeton natans

1

Large-leaved Pondweed

Potamogeton amplifolius

1

Yellow Pond Lily

Nuphar variegatum

1

Common Cattail

Typha latifolia

2

Bulrush

Scirpus spp.

2

Broadleaved Arrowhead

Sagittaria latifolia

2

Common Water Plantain

Alisma plantagoaquatica

2

Burreed

Sparganium spp.

2

Grasses

Leersia spp.

2

Sedges

Carex spp.

2

Aquatic - Robust
Emergent

Aquatic Broadleaved
Emergent

Aquatic Narrowleaved
Emergent

1.1

Notes

Aquatic

These guidelines apply for Zones 1 and 2.
Plantings


Provide cattails (Typha spp.) as interim vegetation in sediment forebay to aid in
sediment trapping (NOTE: it is accepted that this material will be removed during
sediment dredging operations). Plantings of cattails should be limited to areas away
from maintenance access areas. Other aquatic species should not be planted in the
sediment forebay as they may be less apt to re-colonize post-dredging.



Typha latifolia should be used instead of T. angustifolia or T. x glauca which are
invasive and non-native. The latter seed very prolifically and can spread even from
temporary detention areas to adjacent natural areas. Typha latifolia seeds germinate
and grow extremely rapidly and can be directly sown onto sites.



Protection from waterfowl may be required.

Topsoil


1.2

The design engineer and/or site supervisor should review the suitability of subsoil
material and compaction with the landscape architect.

Terrestrial

These guidelines apply for zones 3, 4 and 5.
Plantings
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Generally there are no size requirements for vegetation to be planted. Typically,
TRCA prefers greater numbers of smaller-sized vegetation over fewer numbers of
larger-sized vegetation. Note that planting large vegetation may cause more
disturbances to the site, although caliper material may be used to screen adjacent
private lands and/or facility infrastructure. However, ensure that spreading and
suckering vegetation, such as canopy trees or sumac are setback approximately 3 m
from private property and the access road/sediment drying areas.



Quick growing, water tolerant tree species should be planted close to the normal
water level on the south and west aspects of the pond to help mitigate some of the
thermal impacts to the permanent pool.



No-maintenance seed mixes should be used to stabilize soils and provide groundcover.
However, ensure that these mixes do not contain invasive species. Sod is not
acceptable within the SWM pond. Nurse crops consisting of fast growing annual grasses
should be added to the mix to establish quick vegetative cover.



Consider soil bioengineering measures, as appropriate (e.g. live staking on steep
slopes)



If applicable, salvage on-site wet area seedbank material as appropriate if species
identification can be confirmed as native. Do not remove plants from natural wetlands
and do not use roadside ditch material as these are likely the exotic invasive varieties
of plants.



Increase density of vegetation along the portion of the facility adjacent to the valley
corridor to create a live fence.



Plant in nodal groupings to promote natural colonization and spreading.



Dense shrubby vegetation placed close to the permanent waterline will help to
discourage loafing geese, however protection of planting nodes may also be required.

Topsoil


Provide 0.45 to 1m topsoil above the permanent water level.



The depth of topsoil can be achieved in either raised and/or excavated beds or spread
evenly throughout the facility in a continuous layer.



Stabilize topsoil within the construction year’s growing season. If this cannot be
achieved, then topsoil should not be spread until the following spring and some
interim stabilization measure should be used to prevent erosion of graded substrate
(e.g. erosion matting).



Stabilize topsoil prior to planting woody material using a TRCA approved seed mix.

1.3

Calculation of Plant Material

Terrestrial
An overall coverage of 50% of each of Zones 3-5 should be achieved.


number of shrubs based on 1 m centres (1 m2) for the dry area of pond (i.e. above the
permanent water elevation).
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number of trees based on 5 m centres (25 m2) for the dry area of pond (i.e. above the
permanent water elevation).



Aquatic
number of aquatics based on 3 units per linear metre of water’s edge for each of
Zones 1-2.



The calculation of plant material and species list should be shown directly on planting
plans. Calculations and species should be provided in separate tables, directly on the
planting plans.
Table E 2: Example of Calculation Table

Zone

1.4

A = Area of
Pond in Each
Zone (m2)

B = Linear
Metres of
Water’s Edge
(m)

C = # of
Aquatic Species

D = Overall
Woody Coverage
(m2)

C=B*3

D=A*0.5

E = # of
Trees

F = # of
Shrubs

D=(E*25)+F

1

n/a

500 m

1500

-

-

-

2

n/a

500 m

1500

-

-

-

3

1000 m2

n/a

n/a

500

-

500

4

2000 m2

n/a

n/a

1000

25

375

5

2200 m2

n/a

n/a

1100

30

350

SWM Pond Outfalls

The careful siting of stormwater pond outfalls is required to limit impacts to the natural
heritage system. Disturbance to forested valley slopes and adjacent wooded or wetland
habitats needs to be avoided and/or minimized to the extent possible. Levels of
distubance also need to consider any access roads required to maintain the outfall and
outfall channel. In addition, the ecological and erosion impacts of outletting SWM flows to
small watercourses, such as ephemeral and intermittent streams needs to be carefully
considered through outfall siting. It is TRCA’s objective to maintain natural ecological and
geomorphic inputs from small streams. Unacceptable outfall locations may require that
the outfall and/or pond be relocated.
TRCA generally does not permit stormwater pond outfalls to discharge directly to the
creek or at the top of steep valley slopes. Storm pond outfalls require flow dissipation
measures such as plunge pools, or equivalent, to reduce erosive velocities at the end of
pipe. Discharge velocities should be reduced to allow for grass lined, meandering outfall
swales. Pond outfall swales should be terminated away from the receiving watercourse, if
possible, to avoid alteration to fish habitat on creek banks. If engineering requirements
allow, additional flow spreaders or dissipaters should be employed at the end of the outlet
swale to promote diffuse flow on the floodplain, to encourage some level of infiltration,
evaporation, or evapotranspiration prior to entering the watercourse. Water tolerant trees
and shrubs should be planted in dense quantities between the flow spreader or dissipater
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at the end of the outfall swale, and the receiving watercourse, to minimize erosion (rilling
and gullying).
If flow spreaders, or equivalent, are not feasible at the end of the outfall swale, then
outlet channels should be vegetation lined, meandering swales that extend to the
watercourse bank. Tree and shrub planting along the outfall channel is required, with
densities sufficient to provide a closed canopy over the outlet swale. Infiltration trenches
or additional measures may be required to minimize thermal impacts to receiving
watercourses which are classified as coldwater resources.
The need for stone erosion protection at the creek bank should be minimized by
effectively dissipating storm flows. Outfall channels must be restored using native
herbaceous (seed mix) and woody plant material. Sediment controls must be installed prior
to construction of the outfall structure and grassed swale.

1.5

Monitoring

The permanent water elevation in the SWM pond should be observed twice a year for
approximately two years by both the design engineer and landscape architect to ensure
that the facility is functioning as designed, prior to planting aquatics (other than
temporary planting of cattails in sediment forebay) in order to allow time for conditions in
the pond to stabilize. Pending these observations and discussions with TRCA staff, revisions
to the planting plan for 1-3 vegetation zones may be necessary. A two year guarantee of
the planted material is required.

E2.

Stormwater Outfalls
Stormwater that is routed to ponds in urban areas is
released, via an outfall structure and/or outfall
channel, to the receiving watercourse. As structures
that are often situated within the meander belt of a
watercourse, outfall structures and outfall channels
may be at risk from channel processes such as
migration and erosion. Conversely, the floodplain,
vegetation and riparian habitat are at risk of erosion
due to the manner in which flows emerge from the
outfall, plunge pool and/or outfall channel.
Reduction of risk to outfall structures / channels and
of the receiving watercourse / floodplain can be
accomplished through detailed design.

2.1

Highland Creek Markham Branch

Environmental and Risk Considerations

Highland Creek West Branch
When outfall structures, plunge pools, and outfall
channels are situated within the meander belt of the receiving channel, then they are
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potentially at risk from meander migration and channel bed lowering (Section 2.4). The
risk of becoming outflanked or undercut increases when the structure is placed flush along
a channel bank, or set back within the 100 year erosion limit of the channel. Hence, TRCA
requires that hard structures (i.e. headwalls or anything made of concrete) associated with
outfalls be located outside of the 100-year erosion limit unless it is not technically
feasible.
Outfalls that discharge directly into a watercourse
occur when there is a steep floodplain slope and/or
little room between outfall and channel, or if the
receiving watercourse is large in proportion to the
volume of discharge. These outfalls typically have
minimal energy dissipation mechanisms (i.e., chute
blocks). Depending on orientation of the outfall, and
size of receiving watercourse, flows emerging from
the outfall can cause erosion of the adjacent and/or
opposite channel bank. In extreme cases,
adjustments in channel pattern due to the erosion
can occur.

Highland Creek Malvern Branch

Plunge pools, into which outfalls discharge directly, dissipate flow energy and are typically
situated within the floodplain at a distance from the watercourse. Excess flow volume
delivered to plunge pools via the outfall is either released directly onto the floodplain with
the aid of a flow spreader or directed to the watercourse through an outfall channel.
Plunge pools without channels are typically used in wide, flat floodplains where vegetation
and slopes are conducive to flow dissipation.
Both methods can cause floodplain erosion. Further, the outfall channel may be
susceptible to erosion at the tie-in with the main channel and from flows directed through
it.
Outfall structures that are situated below design floodlines are at risk of becoming flooded
if the design did not adequately account for flood levels of the receiving watercourse. This
has implications for stormwater pond performance and, in some cases for the storm sewer
network. That is, if outfall structures are flooded, then ponds cannot drain which would
reduce the hydraulic performance of the pond, lead to pond flooding and potentially to
storm sewer backups.

2.2

Existing Guideline Documents

Few guideline documents exist with respect to design of the outfall plunge pools and
channels. The MTO (1997) Drainage Management Manual: Parts 1 to 4 is most commonly
referenced. Other potential guideline documents are identified at the end of this
appendix.

2.3

Locating Outfalls and Outfall Channels

The proposed location of outfalls and outfall channels is determined in the Stormwater
Management Plan of a Block Plan for proposed development areas. At this stage,
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consideration should be given to placing several stormwater management ponds along the
channel corridor rather than using only one centralized facility. Proposed locations for
outfall structures should be based on careful consideration of site conditions so that
minimal risk to structure and channel/floodplain will occur. TRCA provides the following
general guideline:


Place infrastructure (e.g., outfall and plunge pool) outside of the meander belt
wherever possible.



Avoid placing outfalls, plunge pools and/or outfall
channels in erosion prone areas.



Avoid disturbance to low flow channel where
possible.



Orient outfall and/or outfall channel appropriately to
minimize impact on the receiving watercourse.

2.4

Outfall Structure and Plunge Pool

Specific guidelines relevant to the design and placement
of outfall structures and associated plunge pools include:


Backwater conditions in outfalls, when these are not
explicitly accounted for in the design, should be
avoided



Flood levels should not be impacted by the outfall.



Minimize grade between outfall and receiving
channel by placing outfall as low down the slope as
possible, but above the 25 year floodline.



Outlet pipes should be placed at as low a grade as
possible, and if possible, be larger than the inflowing
pipe to reduce velocities.



Plunge pools should be designed at the outlet of
outfalls unless it can be demonstrated that this is not
required to dissipate flow energy given the proposed
design or unless a plunge pool cannot reasonably be
constructed given topographic constraints.



Flow spreaders should be incorporated into the
outfall structure and/or plunge pool design, where
feasible, if the outfalls are set-back 10 – 20 m from
the channel.

To minimize risk to the outfall structure and to the receiving watercourse, a minimum
setback equivalent to the 100 year erosion rate should be used. Where this is not possible:


Orient outfall appropriately to minimize risk of channel bank scour (i.e. at an oblique
angle to the channel)
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2.5

In channel restoration designs, where this is in keeping with the overall design
objective (in headwater streams), direct outfall flow into an on-line wetland features.

Flow Spreaders and Outfall Channels

Flow from outfall structures can be directed to a receiving watercourse directly by an
outfall channel, or directed to a plunge pool before either spilling onto the floodplain with
a flow spreader or spilling into a channel that conveys flow from the outfall to the
watercourse.
Flow Spreaders: Once flow from an outfall structure is discharged into a plunge pool,
release of the water onto the floodplain can occur through the use of flow spreaders that
are situated at the periphery of the pool. Through careful design and construction, flow is
uniformly released from the pool onto a gently sloped floodplain. Analyses would
determine that the release of water would not contribute to rilling and/or gullying of the
floodplain. When flow from an outfall structure or plunge pools is intended to be conveyed
to the receiving watercourse through an outfall channel then there are several design
options available each of which should be considered for appropriateness in the study
area.
Wetland Design: Plunge pools can be designed as a wetland feature in the floodplain. This
can be achieved through suitable grading that would enable a range of wetland vegetation
types to be established and through including relevant aquatic and/or terrestrial features.
Flow from the pool is released into the receiving watercourse through an outlet channel,
or through an overland spillway (vegetated or stone reinforced).
Linear Wetland or Vegetated Channel: Where the outfall is situated a short distance from
the channel, and the grade between outfall and receiving channel bed is sufficiently low,
one or more vegetated channels (e.g., swale or larger feature) may effectively convey
flows from plunge pool/outfall to the channel. The tie-in between outfall and receiving
channel would occur at channel bed elevation. Analyses would demonstrate that
vegetation within the outfall channel would be stable under outfall flow conditions.
Enhancement of the vegetated channel as a linear wetland would provide additional
aquatic and terrestrial benefits. Depending on grade, the vegetated channel may need to
incorporate steps to dissipate energy.
Natural Channel or Rock Lined Channel: Rather than
spreading flow onto the floodplain, concentration of flow
into a channel is preferred when the outfall is situated a
distance from the receiving channel, the floodplain is
steep (i.e., and gullies or rills would form) and other
design options are not feasible. Depending on length, the
floodplain channel could mimic a natural channel and
incorporate appropriate channel features to aid in energy
dissipation and reduction of gradient. In vegetation lined channels, steps may need to be
incorporated to dissipate flow energy. In shorter channel section, a rock lined channel may
be more appropriate. In all cases, the outfall channel should be oriented at the tie-in to
the receiving watercourse at an angle that will minimize risk of bank scour.
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2.6

Construction Details (ESC plans, phasing, restoration)

When valley walls are high and/or well vegetated, minimal impact to the valley and
channel corridor during construction and placement of outfalls and associated subsurface
piping is desirable. This can often be best accomplished with tunnelling/directional drilling
rather than open cut methods construction methods. Where erosion protection may be
necessary in outfall channels, filter cloth is, in general, not permitted by TRCA. Instead, a
granular filter layers beneath the larger rounded stone is recommended.
An erosion and sediment control plan should be prepared and submitted as part of the
design package that clearly outlines measures that will be taken to reduce and mitigate
impact in the proposed construction area (e.g., see TRCA’s Erosion and Sediment Control
Guidelines). Details of construction phasing and post-construction restoration should also
be provided. Vegetative restoration plans (combination of native trees, shrubs and
herbaceous vegetation that are compatible to existing vegetation communities) should be
prepared, including species, density and planting methodology information. Site
stabilization should occur during or immediately following construction to avoid erosion
(e.g., hydroseeding, straw mulch, jute mats etc.)

2.7

Submission Requirements

In addition to detailed design drawings, all supporting documentation (hydraulic modeling,
assessment of restoration materials, environmental assessment/studies etc.) used to
determine plunge pool and outfall channel design details, if applicable, should be
submitted to TRC for review. The assessments and design activities described must be
conducted by a qualified practitioner and those activities that meet the definition of
profession engineering or profession geoscience should be conducted, signed and stamped
by a Professional Engineer or Professional Geoscientist.
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APPENDIX F
TRCA EXECUTIVE COMMITTEE
BOARD REPORT
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