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Who should read this guide?

How will this guide help me?

The Retrofit Guide to Enhanced Stormwater Management
Master Planning supports municipalities in retrofitting
stormwater management systems using both grey and green
infrastructure through completion of a stormwater master
plan. The information in this guide is aimed at the following
audience:

This guide presents the business case for approaching
stormwater management from a grey and green perspective,
and provides in-depth guidance, tools and case studies to
conduct a stormwater management master plan within an
existing urban community. This guide will help you:

• Municipal planners, engineers and technical staff
• Engineering consultants

Grey
and
Green
Infrastructure
In the context of stormwater
management, grey infrastructure
includes assets such as storm
sewers, culverts, outfalls and
ponds, while green infrastructure
includes low impact development
features, and natural heritage
components such as forests and
wetlands.

More broadly, readers can include anyone involved in
planning and decision-making about municipal stormwater
infrastructure including councilors and commissioners.

Why should I read this guide?
In a time of increasing population growth and density, fiscal
constraints, aging infrastructure, and unpredictable weather,
municipalities must maintain a level of service that meets
federal and provincial policies and legislation, as well as meet
their own guiding documents and policies. This can be a real
challenge. This guide’s aim is to offer advice for stormwater
management master planning, with focus on existing urban
areas, in order to maintain and enhance a municipality’s level
of service. This document serves as an overarching guide to
the CVC’s Grey to Green Retrofit Guides which provide support
to municipalities for retrofitting using low impact development
practices for stormwater management.

• Understand the benefits of taking a grey and green
approach to stormwater management master planning
• Make use of knowledge within and outside of your
organization regarding stormwater management
• Consider both grey and green infrastructure solutions to
stormwater management challenges
• Plan for future success by giving you tools to implement
grey and green stormwater management projects over
time

Where should I go for more information?
For more information on stormwater retrofits and integrated
water management and case studies on stormwater
management master planning please visit Credit Valley
Conservation’s (CVC) Be a Leader website at

Check out the entire suite of Grey to Green Retrofit Guides:
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The Business Case for Grey and Green Retrofits through Enhanced
Stormwater Management Master Planning

(Source: Fred Loek, Mississauga News)
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1.1 Background
The Retrofit Guide to Enhanced Stormwater Management
Master Planning provides specific guidance on how to
complete a municipal stormwater management master
plan for an existing developed area using a grey and
green approach. The meaning behind “grey and green” is
two-fold; it refers to the inclusion of both grey and green
infrastructure solutions for stormwater management, and
also suggests that stormwater management be approached
with focus on environmental sustainability across the larger
watershed. Enhanced Stormwater Management Master Plans
(ESWM-MPs) consider both grey and green options to meet
environmental and infrastructure goals within a developed
community. An ESWM-MP is directed by the condition and
function of the watershed(s) within which the study area is
located and includes infrastructure systems to the end of the
pipe and beyond, including the downstream receivers (streams
and lakes) to which stormwater is ultimately discharged.

An ESWM-MP considers the hydrological
function of the watershed, recognizes how
that function can be preserved and enhanced
through stormwater management, and
determines how to most effectively capitalize
on those functions to manage risks such as
urban flooding.
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Stormwater management in Ontario is currently carried
out on a wide scale through stormwater master plans for
existing urban areas, and through environmental plans for
developing areas. The Retrofit Guide to Enhanced Stormwater
Management Master Planning is intended to be applied to
existing areas, with a focus on existing urban areas. For
guidance on environmental planning activities for development,
including watershed and subwatershed planning, please refer
to the trilogy of Watershed Planning documents produced by
the Ministry of Environment and Energy and the Ministry of
Natural Resources (MNR) in 1993:
• Water Management on a Watershed Basis
• Subwatershed Planning
• Integrating Water Management Objectives into Planning
Documents
This guide provides a step-by-step process to completing an
ESWM-MP, with illustrative examples of where principles of
a grey and green ESWM-MP have already been applied in
existing plans and studies throughout Ontario. The following
sections provide a business case for completing an ESWMMP according to the grey and green approach encouraged
in this guide.

1.2 Minimize risk and improve resiliency
Lack of sufficient stormwater management can pose serious
risks to municipalities, particularly when combined with issues
such as aging infrastructure and the impacts of a changing
climate. While most people are becoming increasingly aware
that extreme events can cause flooding and erosion, fewer
people are aware that municipalities are beginning to be
held liable for the resulting damages, particularly for urban
flooding.

Urban flooding refers to the surcharging of the
minor storm sewer system, and often results
in basement flooding, while riverine flooding
occurs when the major stormwater management
system is unable to protect against flooding and
damage to buildings and infrastructure1
Risk of urban flooding
Throughout much of Canada the intensity and frequency of
extreme weather events are expected to increase significantly,
especially shorter duration, heavy rainfall events, as a result
of climate change2. Runoff volumes from these rainfall
events are often beyond the capacity of existing municipal
stormwater infrastructure, resulting in urban flooding that can
damage private property and municipal infrastructure and
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impact aquatic health. In watersheds with significant urban
development, the severity of these extreme storm flooding
events is expected to get worse.

Figure 1.2.1: After basements flood, damaged valuables
line the street waiting for pick-up. The value of property may
not be covered by homeowners insurance, not to mention
municipal costs for disposal. (Source: Aquafor Beech)
A state of emergency linked to major storms has been
declared almost every year in Ontario since 1995. The Greater
Toronto and Hamilton Area (GTHA) has experienced at least
nine extreme storm events within the last 25 years, including
six 50-year events and three 100-year events3.
In fact, in July 2013, the GTHA experienced two extreme
weather events in one month. The more severe event, on
July 8, 2013, resulted in a record breaking 125 mm (5”) of
rainfall in a two-hour period. The region had not experienced
a comparable rainfall event since Hurricane Hazel in
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1954. Flooding resulted in stranded commuters, extensive
infrastructure damage, business disruptions, widespread
basement flooding (more than 900 residences in the City of
Mississauga alone), and mass power outages for more than
300,000 people and businesses.4 According to the Insurance
Bureau of Canada, the event has cost insurers more than
$850 million, making it the most expensive natural disaster
in Ontario history.5
Your municipality can do more to mitigate the risks associated
with flooding and climate change by incorporating both grey
and green solutions into stormwater management activities.
Furthermore, having an appreciation for the hydrologic
function of the watershed can allow your municipality
to develop insights and strategies that use the specific
characteristics of your watershed to your advantage when
managing stormwater to avoid flooding concerns. For
example, your municipality may be able to take advantage of
areas such as wetlands for stormwater storage.

Rising insurance costs
Insurable damages caused by urban flooding and
infrastructure failures due to extreme weather events are
reaching levels never before seen in Ontario and Canada.
Water-related losses now account for approximately 40% of
personal property insurance claims. In Ontario, the average
cost of a personal water damage claim increased by 182%
between 2000 and 2010.6

Figure 1.2.2: The July 8, 2013 storm event caused extensive
basement flooding and a large number of personal property
insurance claims. (Source: Aquafor Beech)
Table 1.1.1 illustrates how insurance claims submitted after
extreme storm events in southern Ontario are indicating rising
financial impacts of overstressed stormwater infrastructure
systems due to extreme weather. Since insurance does not
recover all losses, claims account for only a small portion of
the actual cost of damages. Total costs to property owners are
often much higher.
Insurance coverage is expected to become more expensive
and may even be limited in the future, which will increase
private costs for property owners. Rising insurance costs are
a serious concern for municipalities since they can affect
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Table 1.1.1: Insurance claims associated with extreme weather in the GTHA 7
Date

Location

Insurance claims submitted

July 2004

Peterborough

$100 million

August 2005

Toronto

$500 million

July 2009

Hamilton

$200 million

July 2013

Mississauga/Toronto/Brampton

$850 million

Rainwater harvesting

Reduced water usage

Inspectionss

Landscape alternatives

Reduced maintenance of paved or landscaped surfaces

Trimming of trees and shrubs

neighbourhood affordability, particularly for homeowners who
no longer qualify for flood insurance. They can impact property
values and tax revenues, and may even result in lawsuits
against the municipality by affected homeowners or insurers.
Effective stormwater management through an ESWM-MP can
help to address or reduce the concerns about rising insurance
costs caused by increased flooding.

Impact of flooding on business
Homeowners are not the only ones impacted by flooding due
to climate change. The 2012 Carbon Disclosure Project (CDP)
Water Disclosure Global Report surveyed publically traded
companies in the FTSE Global Equity Index Series (Global
500) on behalf of investment firms with more than $50
trillion in assets. More than half of respondents (53%) had
experienced detrimental water-related business impacts such
as business interruption and property damage from flooding,

4

with associated financial costs for some companies as high as
US$200 million8. The most commonly reported risks include
flooding, water scarcity/water supply, reputation damages,
and higher regulatory compliance costs. By managing
stormwater issues with an ESWM-MP, you can help protect
business owners in your community and encourage continued
economic development. Low impact development (LID)
features can also help address water conservation making
businesses operate more efficiently building resiliency during
drought conditions.

Figure 1.2.3: The July 8, 2013 storm event caused
damage to infrastructure and property throughout the GTHA.
It interrupted the operations of many businesses
and impacted thousands of condominium residents.
(Source: Winston Neutel)

Public health and safety
In addition to the economic concerns associated with
increased flooding risk, there are serious implications to public
health and safety, which further emphasizes the importance
of stormwater management in existing urban areas. Residents
impacted directly by flooding face potential exposure to health
impact from molds, bacteria, and contaminated waters that
can be present in a home following a flood9. During and
following a flood, there can be immediate safety concerns,
such as structural damage, electrical hazards, and dangerous
debris.
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During a severe flooding event, public health and safety can
also be impacted by loss of services, such as transportation,
power, and water supply. Emergency response depends on
these services; their loss can also pose a threat to the level
and immediacy of response.

represent significant portions of the total municipal land
area. While retrofitting old systems to meet current standards
comes at a significant cost to municipalities, municipalities
are recognizing that the cost of deferring updates is a real
liability and risk to communities and watershed health.

Failing stormwater infrastructure
Many Ontario municipalities have outdated stormwater
systems that were constructed prior to current stormwater
management requirements and lack adequate stormwater
controls. In some cases, these underserviced systems can
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In addition to the increased risk of flooding, climate change
can also cause hotter and drier summer conditions that strain
both freshwater ecosystems and municipal water supplies.
Many municipalities throughout Ontario rely on groundwater
and river systems for municipal drinking water supply in these
cases, maintaining recharge should be a key consideration
when considering management of stormwater. Through
enhanced stormwater management master planning,
municipalities can incorporate water balance requirements,
instead of simply focusing on piping stormwater from
impervious areas to stormwater management facilities. By
mimicking natural water balance processes through green
infrastructure in certain conditions, water can naturally
percolate back into the ground, recharge groundwater
reservoirs, and produce base flow for streams.

Resiliency for infrastructure and services
Municipal infrastructure is starting to show its age. The
2012 Canadian Infrastructure Report Card found that even
though overall municipal stormwater management systems
were rated as “very good,” approximately 23% of stormwater
infrastructure were rated in fair to very poor condition with
respect to its physical condition and capacity. This value was
higher when considering the capacity of stormwater pumping
stations, approximately 36% of which were found to be rated
fair to very poor with respect to capacity, which is the point
at which “significant operation problems occur frequently”10.
It is worth noting, however, that these statistics do not take
into account the urban areas within Canada built prior to flood
control and water quality control of stormwater. Enhanced
stormwater management includes an assessment of existing
municipal stormwater assets, particularly related to the level
of service they provide.

Water supply risk

Figure 1.2.5: Replacement of an aging storm sewer trunk
line (Source: Aquafor Beech)
Even areas that do have the infrastructure to manage and
control stormwater may not be meeting the needs of the
streams and lakes that serve as their final receivers. A grey
and green approach to enhanced stormwater management
master planning encourages municipalities to look to the
watershed to set level of service for stormwater infrastructure,
and offers a wider array of management options to meet that
level of service. Through an ESWM-MP, municipalities can
also consider if existing stormwater infrastructure is sufficient
to manage impacts of climate change including more intense
storms.

It is estimated that 3 million residents of
Ontario rely on groundwater as their primary
drinking water source11 In the Grand River
watershed, approximately 495,000 residents
use municipal groundwater, and approximately
188,000 residents of the City of Brantford
and the Region of Waterloo rely on municipal
drinking water directly from the Grand River12.
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Using the watershed to set the context of an ESWM-MP study
allows planners to consider stormwater as a resource rather
than a nuisance product requiring treatment. This approach
improves understanding of stormwater management in the
context of the entire water cycle.

Figure 1.2.6: A plume of polluted water discharges into
Lake Ontario from the Humber River after a rainfall event.
(Source: City of Toronto)
Municipal stormwater management systems contribute
to degradation of water quality in receiving water bodies,
including rivers and lakes, in many ways: through system
failures, extreme runoff events, cross-connections, or through
older systems directing stormwater runoff directly to receiving
waters, which may serve as drinking water supply sources.
The cumulative effect of these discharges can lead to elevated
levels of bacteria (E. coli), nutrients (phosphorus and nitrogen),
and algae (cladophara) in the water. Framing your ESWM-MP
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through the lens of the watershed, and, in particular, the
needs of receivers, can bring water quality implications of
stormwater management to the forefront of your study, and
reduce the risk of contamination of water supply sources.
Incorporating both grey and green solutions provide additional
methods for treatment of stormwater.

Stormwater containing high levels of nutrients
can quickly become a water supply problem
downstream. High levels of nutrients can
influence algae production, particularly in the
Great Lakes. Algae has been known to cause
damage and even outages at water treatment
plants. For example, In August 2014, the City
of Toledo, Ohio lost access to drinking water
for three days as a result of blue-green algae
bloom (cyanobacteria). Bluegreen algae poses
a serious risk to drinking water sources, since
the toxins these organisms produce can be
harmful to humans and animals. Blue-green
algae blooms are generally linked to loads of
nutrients such as nitrogen and phosphorus in
water bodies.

Wastewater treatment risk
Consider the effect of stormwater on wastewater treatment.
At least 89 municipalities in Ontario have combined sewers13
and a history of combined sewer overflows (CSOs). These
systems are at higher risk of discharging untreated sewage
to receiving rivers and lakes, which can have economic
impacts to recreation and tourism. Costs relating to
wastewater treatment have the potential to increase due to
stormwater flows.
Municipalities with separate sewer systems may also have
cross-connections between their stormwater and wastewater
sewers through inflow and infiltration of stormwater into
sanitary sewers. This can play a large factor during storm
events, if stormwater flows overwhelm wastewater sewer
systems and lead to back-ups and basement flooding.
Some municipal wastewater treatment systems rely on
stream flow to dilute treated wastewater discharges in surface
water systems. In this case, stormwater flows are necessary,
not only for the ecological and environmental benefits they
provide, but also from a municipal infrastructure perspective.
For systems discharging to streams, prolonged periods with
low stream flow can be problematic because during periods of
low flow the stream’s assimilative capacity is reduced.
In all of these situations, it is critical to have a strong
understanding of the function of the watershed, particularly
the interconnectivity between stormwater, groundwater, and
stream flow, in order to manage stormwater within the context
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of its impact on other municipal services. Taking a grey and
green approach to an ESWM-MP can assist municipalities in
understanding these connections during the master planning
process, and take into account the impacts to wastewater
treatment systems in order to select management options
which make sense from a wider perspective.
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Figure 1.2.8: A conceptual
Ontario watershed demonstrates
the various roles that stormwater
plays throughout a watershed: as a
resource to recharge aquifers and
provide base flow to streams, and
as a potential carrier of pollutants
to watercourses and water bodies.
A water treatment plant downstream
of your municipality may fall outside
the boundary of your SWM-MP study
area, but the impact of stormwater
(Source: CVC)
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Risks from erosive forces
A range of issues, including urbanization and climate
change, can contribute to watercourse erosion. These
impacts not only damage stream function, but they can also
lead to costly infrastructure rehabilitation and replacement
projects including bridges, roads, culverts, outfalls within the
watercourses, linear infrastructure including sanitary trunk
sewers crossing beneath watercourses, and along banks
prone to erosion. Research has shown that stormwater
management practices that are designed to transport runoff
to receiving bodies can directly contribute to channel erosion
and deterioration of aquatic habitat14. As a result, even when
stormwater management measures are implemented for
flood control, erosion remains an issue to be mitigated.

The long-term costs associated with erosion control measures
can be extensive. Without taking time to consider and
plan to maintain the natural water balance of a watershed,
municipalities will continue to have to pay for expensive creek
rehabilitation and channel stabilization projects. An objective
of your ESWM-MP study can be to reduce these impacts by
addressing the factors that contribute to stream erosion.

on addressing infrastructure issues to mitigate flooding
during significant storm events. However, while flood
control facility projects may also address other stormwater
management issues, there primary intent isn’t to address
in-stream erosion concerns. This may be due to the
significantly larger land requirements and the increasingly
constrained urban landscape in which these facilities
are built.

Risks to linear infrastructure and other services
Whether as a result of extreme weather or age, infrastructure
failures represent a significant risk and cost to Ontario
municipalities and taxpayers. Failures can also compromise
other non-stormwater infrastructure and services, including
transportation, telecommunications, utility services,
wastewater sewer systems and park features, which can
disrupt local business and commerce.
Figure 1.2.10: A typical erosion rehabilitation priority site:
Chedoke Creek, City of Hamilton. (Source: Aquafor Beech)

Case Study: Erosion Costs in Mississauga

Figure 1.2.9: Erosion has compromised the performance of
this outfall structure. (Source: Aquafor Beech)
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The City of Mississauga anticipates spending approximately
$100 million on flood control facility projects over a 10-year
period, primarily within the Cooksville Creek watershed. In
that same period, the City also plans to spend $55 million
on erosion control projects for their watercourses across
the City, including projects within Cooksville Creek15. In this
case, capital spending on flood control is primarily focused
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73 million tourists visited the Great Lakes and injected over
$12.3 billion into the economy17. In addition, the Great Lakes
are home to more than 1.2 million recreational boaters in
Ontario.18 The livelihood of these industries relies heavily on a
healthy watershed.

Figure 1.2.11: In 2005, an extreme rain event (175 mm) in
the City of Toronto caused a section of the four-lane Finch
Avenue West roadway at the Black Creek crossing to collapse,
leaving a seven-metre-deep (20 to 25 ft) hole that prevented
pedestrian and vehicle traffic and affected local homes and
businesses. Both public and private property damage included
a loss of roadway service for more than five months, broken
gas mains, damage to telecommunications lines, and damage
to park infrastructure. In total, the infrastructure failure had an
associated cost of $45 million.16 (Source: Greg Smith)

Recreational uses
The Great Lakes region in Ontario includes fisheries,
tourism, and recreational businesses that contribute to the
region’s economic diversity. Commercial and recreational
fishing industries contribute $234 million and $600 million
respectively to the province’s economy each year. In 2010,
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Municipal stormwater discharges, particularly discharges
from older urban neighbourhoods that were developed
before current stormwater requirements were in place, are
contributing to the deteriorating water quality conditions
along many Ontario waterfronts. It was estimated in 2001
that 90,000 tons of sediment, oil, grease, heavy metals, and
other water-borne contaminants are discharged into the Great
Lakes by stormwater discharges per year19.
The cumulative effects of these discharges can lead to
elevated levels of bacteria (E. coli), nutrients (phosphorus and
nitrogen) and algae (cladophora) in the water, and subsequent
aesthetic issues, odours, and degraded water quality that can
lead to lost recreational opportunities and prohibit public use
and enjoyment of the water resources.
The grey and green approach brings receivers such as lakes
and streams to the forefront of an ESWM-MP. Your ESWM-MP
can include objectives and targets that are developed based
on the needs of downstream receivers to reduce the risk of
negative impacts on recreational water uses.

1.3 Policy compliance risk
Existing and emerging policies directly and indirectly related
to water management, and more specifically, stormwater
management, are changing stormwater design criteria,
objectives, targets, and technologies. Provincial, regional, and
local policies and guidelines are beginning to diversify the
stormwater management techniques municipalities are using
to achieve multiple objectives, including infiltration targets,
water balance criteria, volume-based control versus peak flow
control, and pre-development hydrologic conditions.
As a result of greater technical understanding of watershed
processes and improved watershed-based planning that
emphasizes preserving natural watershed functions, modern
stormwater management objectives in Ontario should now
include water balance requirements and incorporate climate
change. These requirements recognize the importance of
maintaining pre-development conditions as much as possible
to retain natural runoff, evapotranspiration, and infiltration.
Completing an ESWM-MP using a grey and green approach
will help your municipality incorporate these policies, and
conduct water planning in a more sustainable way.

The Water Opportunities Act
In the future, under the Water Opportunities Act, municipalities
may be required to prepare water sustainability plans for all
services within their jurisdiction, including stormwater. Many
aspects of an ESWM-MP overlap with those of a water
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sustainability plan. ESWM-MPs will likely already consider
many of the issues that water sustainability plans would
address, such as meeting the needs of the watershed.

MOECC Stormwater Planning and Design Manual
The MOECC’s Stormwater Management Planning and Design
Manual (Design Manual) encourages treating and managing
stormwater at the source, during conveyance, and at the
end of pipe. The Design Manual states that performance
criteria for stormwater works should reflect the watershed,
subwatershed, and environmental management plans
developed in consultation with the local conservation authority
and municipality20. Enhanced stormwater management master
planning is in line with this approach, and recognizes that the
specific needs and conditions of a watershed may require
management at different locations along the treatment train.
At the time of writing, the MOECC has undertaken an update
of the design manual to incorporate green infrastructure,
including LID.
An interpretation bulletin on expectations regarding
stormwater management was released by the MOECC in
February 2015; this document emphasizes “the need to
use watershed/subwatershed plans to guide site-specific
stormwater management performance criteria” which
includes using targets set within those plans to form the basis
of criteria to which stormwater management is designed21.
This is in contrast to the approach which had been taken of
simply designing stormwater management facilities to meet a
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total suspended solids (TSS) removal target of 80% through
settling, which is not always effective at mitigating against
erosion and water quality impacts.

At a February 2015 conference organized in part
by CVC where most attendees were municipal
employees, 81% of participants agreed or
strongly agreed that watershed targets can
help in establishing infrastructure targets22.
Water Management: Policies, guidelines, provincial
water quality objectives of the Ministry of Environment
and Energy
Stormwater management in Ontario is also driven by the
policies outlined in Water Management: Policies, guidelines,
provincial water quality objectives of the Ministry of
Environment and Energy (1994), also known as the “Blue
Book.”23 This document provides direction on management
of surface water and groundwater from a quality and quantity
perspective. The stated goals of the document are to:
• Ensure water quality is satisfactory for aquatic life and
recreation, to preserve groundwater quality to a quality
protective of the greatest number of beneficial uses, and
• Manage surface water and groundwater quantity to
ensure a fair sharing among users, water conservation,
and sustainability of the resource.

The Provincial Water Quality Objectives (PWQO) outlined in
the Blue Book were intended to be a minimum requirement
for aquatic life and recreation in surface waters. However,
water quality has often not been included in the assessment
and approval of municipal stormwater management works24.
The water quality targets included within an ESWM-MP can
use PWQO as a starting point, but should be specific to the
unique issues within the study area. Where water quality of
a receiving body is already degraded relative to PWQO, a
minimum objective of an ESWM-MP would be not to further
degrade water quality.

Provincial Policy Statement
The Provincial Policy Statement states “the watershed is
the ecologically meaningful scale for integrated and longterm planning.” An ESWM-MP that takes a grey and green
approach recognizes the importance of managing stormwater
from a watershed perspective.

The Safe Drinking Water Act
Under section 19 of the Safe Drinking Water Act, decisionmakers for municipal drinking water systems can be held
personally liable for failing to act in a reasonable way to
ensure the safety of drinking water system user. While the
liability does not extend to stormwater, drinking water and
stormwater are strongly connected. By looking at stormwater
as a potential resource, and also a potential danger, to
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drinking water sources through an ESWM-MP, you can make
stormwater management choices that protect drinking water
sources.

The Endangered Species Act
Your municipality and the watershed(s) within it may be
home to endangered species and their habitat, which may
include aquatic species that can be impacted by changes
in flow, temperature and water quality within receivers of
municipal stormwater discharges. An ESWM-MP should
identify sensitive habitats that may require protection to
ensure compliance with the Endangered Species Act and plan
stormwater management options that enhance and protect
that habitat.

The endangered Redside Dace is a minnow
found within southern Ontario, in tributaries
within the Lake Ontario, Lake Erie, and Lake
Huron basins. Urbanization causes changes
in hydrology which can result in erosion and
sediment, causing watercourses to become
silted; these conditions threaten loss of habitat
of Redside Dace. The distribution of Redside
Dace has decreased over time as urban
development with the Greater Toronto Area has
increased.
Grey to Green Enhanced Stormwater Master Planning

1.4 Integrate with other existing
planning activities
An enhanced stormwater management master plan should
integrate with other water-related planning activities
which are completed or on-going within your municipality.
This can include environmental plans, such as watershed
and subwatershed studies, which are typically carried
out by conservation authorities, as well as detailed water
management studies carried out by the municipality.

“Good planning which has regard for the need
for stormwater management at the outset,
combined with a recognition of the ecological
attributes and functions of the watershed,
provides the fundamental basis for achieving
stormwater quality and quantity improvement
efficiently and cost effectively.” - Ministry of the
Environment26
Environmental planning tools provide essential information
on ecological attributes and functions within a watershed.
Incorporating this information into the municipal stormwater
management planning process can help municipalities
to better address environmental impacts that result from
urbanization. The following sections describe existing planning
activities with examples.

Watershed management plans
Watershed management plans are environmental planning
documents developed on a watershed basis (> 1,000 km2)
that characterize major environmental features and functions
of a major river watershed or lake basin, and propose
management strategies and implementation activities to
address these strategies.
Management strategies are focused on environmental and
land-use issues at a landscape scale. These strategies are
often linked to municipal official plans, which set out the
objectives and policies that guide development. Ideally, official
plans should also contain stormwater management goals
and targets that align with broader watershed management
strategies.
Watershed plans focus on aspects within the geographic
boundaries of a watercourse drainage area, often crossing
political boundaries. An ESWM-MP should integrate with
watershed plan(s) that overlap with your study area, as they
can provide a better understanding of issues outside your
study area but within an overlapping watershed which may be
helpful to your study.

Case Study: Credit River Water Management Strategy
The 1992 Credit River Water Management Strategy (CRWMS)
and the 2007 Update (CRWMSU) illustrate how a watershedbased plan can provide a foundation for municipal planning
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by outlining baseline environmental conditions, describing
the impact of development on environmental features and
functions, and setting goals and targets to conserve, restore,
and wherever possible, improve environmental conditions
under existing and future planning scenarios.

Subwatershed management plans

The CRWMSU developed a comprehensive strategy to
maintain or enhance the existing Credit River watershed
environmental resources. A key purpose of the strategy was to
make the linkage between land-use alterations and impacts
on receiving bodies of water, including local watercourses and
Lake Ontario. The study developed 18 objectives and aligned
the objectives to clear study goals, criteria, and implementable
targets.

Subwatershed plans involve several steps, including:

A key recommendation of the CRWMSU called for a suite
of stormwater management measures including best
management practices and LID measures to address the
strategic direction of the watershed-based plan.
Subsequently, the City of Mississauga and the City of
Brampton used this recommendation, along with findings,
objectives and targets in the CRWMSU, to inform a Stormwater
Quality Strategy and a Stormwater Master Plan, respectively.
The recommendation also helped to establish an integrated
stormwater management approach that addresses both
infrastructure performance and environmental sustainability.
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Subwatershed management plans define environmental
features and functions at a finer scale than watershed plans;
typically 50 to 200 km2.

1. Complete background review and detailed
characterization.
2. Establish environmental goals and objectives.
3. Evaluate subwatershed management strategies.
4. Select preferred strategy.
5. Describe recommended plan.
6. Develop and propose an implementation plan.

The subwatershed planning level is typically at the same
physical scale as the municipal secondary plan (which
provides a basis for planning details such as land use
and transportation corridors). Unlike watershed plans,
subwatershed plans address stormwater controls in more
detail and may include specific measures. Some of these
measures may be suitable for adoption within an ESWM-MP.
Subwatershed plans may adopt targets from a completed
watershed plan, and may adapt those targets to be specific
to the conditions within the subwatershed. When completing
an ESWM-MP, subwatershed studies can be a good reference
for in-stream targets that have already been set for receiving

watercourses, and should be incorporated as water quality
and flow targets for the ESWM-MP.

In-stream targets are flow
and water quality targets
that are set based on the
needs of the stream to which
they are applied, based on
factors such as drinking
water sources, assimilative
capacity of wastewater
treatment flows, aquatic
life, or streambed erosion.
Case Study: Credit River Subwatershed 19
The subwatershed plan for Subwatershed 19 located at
the headwaters of the Credit River watershed characterizes
the study area, provides an assessment of impacts from
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development, and includes an implementation plan. The
constraints and opportunities identified within the plan can
inform integrated stormwater management in the area.
The constraints and opportunities include:
• Wellhead protection areas
• Groundwater recharge rates
• Groundwater-surface water interaction
The implementation plan for Subwatershed 19 addresses
how to implement stormwater retrofit opportunities to
restore the hydrological regime within the subwatershed
to a near-natural state while maintaining and/or improving
water quality.

Environmental management plans
Environmental management plans include environmental
impact reports and master environmental servicing reports.
Typically, environmental management plans cover areas
within a subwatershed such as a tributary to a major stream,
river, or a town. The municipal plans these documents serve
include secondary plans, official plan amendments, and draft
and site plans. The content within these plans can help inform
environmental considerations within an ESWM-MP.
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Case Study: Town of Alton Environmental
Management Plan

Case Study: Lake Ontario Integrated Shoreline
Strategy

The Town of Alton is located at the confluence of Shaw’s
Creek and the Credit River within Subwatershed 18 (main
Credit River) and Subwatershed 17 (Shaw’s Creek). Initial
characterization of the Shaw’s Creek subwatershed and
other technical studies indicated water quality issues
resulting from septic tanks used within the town. The
Town’s environmental management plan helped to inform
stormwater management strategies and solutions for
water quantity and quality management that took into
consideration wellhead protection areas, groundwater
recharge rates, and existing land-use types. The study
highlighted LID implementation to improve stormwater
management and protect Shaw’s Creek.

The Lake Ontario Integrated Shoreline Strategy (LOISS)
is a multi-year study to analyze the current conditions
along the Lake Ontario shoreline. The LOISS Study Area
includes 14 watercourses draining into Lake Ontario, and
extends from 6 km offshore Lake Ontario to 2 km inland
within the jurisdiction of the CVC and 5 km inland within
the Credit River watershed. Data collected as part of this
study is directly relevant to stormwater, including hydrology,
hydrodynamics and flooding, which can be used to inform
an ESWM-MP

Waterfront studies
Waterfront studies include assessments of ecological
attributes and functions of the land-water interface related
to the potential impacts of development. Protecting,
restoring, and enhancing shoreline ecosystems are important
considerations for stormwater management plans. Waterfront
studies can be used to inform watershed and subwatershed
studies where waterfront issues are of importance, and can
likewise inform an ESWM-MP.

Stormwater management plans
Stormwater management plans are small-scale plans which
detail the specific stormwater management measures to be
carried out for a specific development or re-development site.
Requirements for stormwater management plans vary based
on municipal requirements, but typically provide details for
the stormwater management measures to be implemented at
the site.
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Figure 1.4.1: Four environmental planning documents that provide important information on ecological attributes and functions at different scales. (Source: CVC)
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1.5 Include key considerations for
Enhanced Stormwater Management
Master Planning
Developing an ESWM-MP using a grey and green approach
resembles the process used for environmental planning in terms
of addressing the protection, restoration, and enhancement of
an area, but with a focus on drainage infrastructure, which is
typically not the focus for environmental plans. An ESWM-MP
takes a broad view of stormwater management, expanding
from grey infrastructure (ponds and pipes) to include green
infrastructure solutions. Furthermore, this approach facilitates
consideration of the cumulative impacts of stormwater on
receivers across your municipality.
Table 1.5.1 presents the key differences between a SWMMP that does not take a grey and green approach (identified
as “traditional approach” in Table 2.2.1) and one that does. It
should be noted that many of the items under the traditional
approach are still included in an ESWM-MP, hence the term
“grey and green.”
At a high level, an ESWM-MP with a grey to green approach
considers the following components:
• Acceptable level of service
• Sustainability
• Asset management
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Table 1.5.1: Additional focus resulting from a grey and green approach to stormwater
management planning
Category

Traditional SWM-MP

Grey and green ESWM-MP

System

Drainage systems

Ecosystems

Treatment

Treat rainwater as waste

Treat rainwater as resource

Problem/ opportunity

Reacting to problems

Preventing problems

Technical team

Engineer-driven

Interdisciplinary team-driven

Priorities

Protect property

Protect property and habitat

Mechanism

Pipe and convey

Mimic natural processes

Rainfall analysis

Extreme storm focus

Hydrological cycle analysis and longterm rainfall history

Rainfall-runoff analysis

Peak flow-based

Volume-based

Level of service
Level of service refers to the required performance
expectations as defined by municipal goals, and can be based
on a number of factors. Level of service for stormwater is
usually set by local planning documents, which often do not
address watershed-specific issues and generally apply only to
new developments. In areas not covered by these standards
and criteria, municipalities rely on provincial documents
such as the MOECC’s Stormwater Management Planning

and Design Manual. Unfortunately, these standards do not
outline level of service for stormwater management in older
developed areas.
This gap in defined level of service makes it difficult for
municipalities to secure funding and investment in stormwater
infrastructure upgrades and retrofits to better service these
areas, unlike water and wastewater infrastructure which have
clearly defined standards that must be met for both new and
existing systems.
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An ESWM-MP is an opportunity to fill this gap by defining
level of service for existing urban areas. Level of service
should consider performance expectations set out in planning
documents (i.e., watershed and subwatershed plan) to meet a
certain level of protection or enhancement of the watershed.
In the case of watershed and subwatershed plans, these
performance indicators may take the form of in-stream
targets for flow and water quality.

In-stream targets can form the
basis of a level of service for
stormwater. Water quality targets
may include parameters such
as nutrients, suspended solids,
metals, pathogens, and organic
chemicals. In-stream flow targets
may include preserving natural
hydrology of a receiver or providing
a certain amount of base flow to a
stream.
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Examples of level of service performance expectations:
• Water quality targets

• Capacity

• Responsiveness

• Maintenance of natural hydrology

• Customer satisfaction

• Cost

• Base flow maintenance

• Risk

• Safety

• Reliability

Figure 1.5.1: These photos show three very different streams. On the left is a natural stream with a receiving watershed which
has not been developed, where the water in the stream is likely pristine. In the center is stream within an urbanized watershed,
which receives runoff from mostly impervious surfaces via storm sewer systems, likely carrying high solid, nutrient and bacterial
loadings. The photo on the right shows stream receiving runoff from a rural watershed, where agriculture is a dominant land use,
and stormwater runoff may be high in concentrations of nutrients and bacteria. Applying the same level of stormwater service
criteria to all three doesn’t take into consideration the unique characteristics and functions of each watershed including local
geology, hydrology, flood risk, environmental sensitivity, age of infrastructure, intensity of water intake, and effluent discharges.
(Source: CVC)
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Sustainability
It is the responsibility of a municipality to ensure that its
stormwater infrastructure is fully integrated into the urban
fabric of the community while also protecting natural ecological
features and functions based on watershed and subwatershed
management strategies and objectives. When completing an
ESWM-MP, it is useful to consider the economic, social and
environmental sustainability of planning decisions. This can
help increase accountability for the recommendations that
are made within an ESWM-MP, while also providing a means
of capturing the extra benefits those recommendations may
have, such as reducing costs for water and wastewater
treatment and reducing risk for the municipality.

Your ESWM-MP should
consider economic, social,
and environmental impacts.
Moving from a watershed scale to a municipal (city or
town) scale, environmental features and functions cascade
down from large ecological landscapes to sub-catchments
and specific sites within a city. Accordingly, and in order
to address challenges and opportunities in the planning
process, municipalities will need to consider management
and implementation strategies, as well as make strong
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links between the environmental planning process and the
municipal planning process.
Perhaps your municipality has experienced severe instream erosion in a particular area due to high stream flows
downstream of a newly developed area. Stream restoration
measures will not be sustainable unless you mitigate the root
problem (in this case, runoff from the upstream developed
area). Looking at challenges within your municipality at a
watershed scale can guide stormwater planning efforts
towards sustainable solutions.

Asset management
Asset management is a planning process used to make
life-cycle decisions regarding infrastructure assets,
including activities such as replacement, maintenance,
and decommissioning27. While many municipalities have
established asset management programs for water and
wastewater, stormwater has been largely overlooked, despite
its impact on water and wastewater. According to the 2012
Canadian Infrastructure Report Card, 53% of the 346
municipalities surveyed had no data on their linear stormwater
assets.28
A stormwater asset management plan (or asset management
component of an enhanced stormwater management master
plan) can give municipalities a strong understanding of the
condition, performance level, and life expectancy of physical

stormwater management infrastructure assets, and should
include both grey and green infrastructure components. For
example, the asset management component of an ESWMMP can provide an understanding of the vulnerability of
infrastructure to changing climatic conditions. This information
can be used to inform infrastructure prioritization and
investment decisions, as well as for ensuring public health
and safety and environmental protection. Asset management
plans should also inventory green infrastructure, such as
forests, wetlands, and low impact development infrastructure,

Asset Management
Asset management plans help municipalities make
smart, long-term planning decisions about building,
operating, maintaining, renewing and replacing
infrastructure. Having an asset management plan is a
requirement for municipalities that request provincial
infrastructure funding in Ontario.
Developing an asset management plan requires:
• Identifying and understanding infrastructure
assets, including their condition, valuation, and
replacement costs, and expected life-cycle
performance levels, and
• Setting strategic priorities about investments in
assets and establishing a financial framework to
plan accordingly.
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since these assets can provide resiliency and function to meet
level of service.
For illustration, stormwater infrastructure in urban areas
developed prior to stormwater management may be in
satisfactory repair, but likely does not provide acceptable
water quality control prior to discharging to the local stream.
Asset management in the context of an ESWM-MP involves
setting a level of service for stormwater infrastructure, by
considering the health of receivers as a performance and lifecycle indicator to optimize infrastructure investment.

Phases of an asset’s
life cycle:
• Concept
• Planning and design
• Purchase/construction
• Operation and maintenance
• Repair and renewal
• Decommissioning/disposal

Figure 1.5.3: The benefits of regular maintenance versus
full replacement. (Source: Ministry of Infrastructure: Building
Together: Municipal Infrastructure Strategy)

Life-cycle costing
Life-cycle costing considers the different phases of an asset’s
service life and identifies the potential actions and associated
costs required to achieve the desired level of service.
Quantifying life-cycle costs is essential for maximizing the
benefits of an asset over time, managing risk, and providing
required levels of service to the public in a sustainable manner.
In some cases, some life-cycle costs for traditional stormwater
infrastructure are overlooked because the assets, such as
pipes and catch basins, are buried underground and are not
always subject to regular performance assessments. The cost
to repair or replace these neglected assets can be substantial.
This is especially troubling for municipalities that may be
struggling financially and have multiple, competing financial
demands. Routine maintenance can help reduce the risk of
catastrophic failure and significant repair or replacement
costs.
18
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2.0

Starting the Process
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Enhanced stormwater management master plans (ESWMMP) are important technical documents for municipal
decision makers. The stormwater management strategies
and implementation targets identified in these documents are
based on in-depth investigations of features and processes
within the study area. A properly written ESWM-MP provides
clear direction for stormwater management programs within
a municipal boundary.

The primary focus of this guide is to assist
municipalities in the development of enhanced
stormwater management master plans that
incorporate both sustainability and asset
management.
This chapter – Starting the Process, outlines the first phase
in developing an ESWM-MP. The phase is crucial to ensuring
the document will provide value to your municipality. Main
considerations of this chapter are:
• Building your project team
• Developing a Terms of Reference
• Defining In-House requirements and expertise, including
budget needs
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While reading this chapter consider the
resources available to your project team and
determine where internal limitations may affect
the desired scope of your enhanced stormwater
management master plan.

2.1 Managing the development of a
Stormwater Management Master Plan
An enhanced stormwater management master plan is a
large project that will require coordination between municipal
departments and external agencies. It is essential that the
project manager be a senior member of the municipal staff
with a thorough understanding of:
• Local stormwater goals, objectives and targets
• General stormwater management challenges within the
municipality
• Existing technical studies (e.g. watershed management
plans, subwatershed management plans, environmental
management plans, and waterfront studies)
• The technical abilities and resources available to key
municipal departments

Project Management
A senior municipal staff member
should be involved in forming the
project team and coordinating the
terms of reference for the study.
2.2 Building your team
Before a terms of reference can be developed, it is essential
that you form a core project team. The core project team’s
role is to develop an overall plan and provide key information
to assist the project manager with decision making, and to
identify knowledge gaps, staff, internal decision makers,
external organizations, and stakeholders who can provide
information, advice, or professional expertise. The core team
should be able to provide support in practical applications
with the development of the terms of reference.
Input from many municipal departments will be required
during the development of an enhanced stormwater
management master plan. Table 2.2.1 highlights the role of
different municipal departments in the study’s development.
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Project
Manager

Engineering

Planning

Capital Works

Roads

Parks

Operations &
Maintentance

GIS

Figure 2.2.1: Core Municipal Team Input Required for Development of Integrated Stormwater Management Master Plan

Objectives of your Team Building phase are to:
•
•
•
•

Ensure everyone is on the same page with respect to the goals, objectives and targets of the study
Gain a perspective as to what relevant studies exist, how they can be used and to put the proposed plan into context
Generally assign roles and time commitments within the project team
Allocate an approximate budget to undertake the proposed work

Table 2.2.1: Municipal Department Involvement in Integrated Stormwater Master Plan Development
Department

Role in Stormwater Management Master Planning Process

Skills Required

Engineering

Engineering staff responsible for the management of municipal stormwater
infrastructure need to provide significant technical data regarding design, assumption,
inspection, monitoring, operations, maintenance and capacity of infrastructure.

Engineering staff have an understanding of where existing problem-areas are
located, and will ultimately be responsible for ensuring now works are carried out
accordingly.

Planning

Planning staff are required for integration with planning documents such as
environmental management reports and municipal planning policies, bylaws, official
plans, etc..

Planning staff can ensure ESWM-MP follows overarching municipal plans, and may
need to be involved with new by-laws and policies as a result of the ESWM-MP.

Capital
Works

Capital works input is required to determine budget allocation of stormwater
management projects and determine where costs savings can be realized.

Capital works staff will contribute to implementation plan for ESWM-MP.

Roads

Roads department input is required to evaluate potential for conveyance level
stormwater implementation and integration into other capital projects.

Inclusion of roads staff to streamline construction projects and to ensure there is an
understanding of maintenance requirements for stormwater conveyance works

Parks

Parks department input is required to evaluate the potential for integration of
stormwater with parks and recreation programs.

Inclusion of parks staff to ensure there is an understanding of maintenance
requirements for stormwater works in parks.

Geomatics

GIS staff will need to provide and coordinate geospatial data with project team.

Required for completion of ESWM-MP and on ongoing basis as works completed.

Grey to Green Enhanced Stormwater Master Planning

21

The information in Table 2.2.1 is not intended to be prescriptive
in terms of the departments involved, rather, it provides an
overview of the skills required to carry out an ESWM-MP.
Depending on the municipality, the knowledge and expertise
required may be contained within one or several departments.

Project Support Team
The purpose of the support team is to provide needed
information to assist with key decisions and/or provide a
functional role that is outside of the expertise of the core
project team. Consider the following areas for your internal
project support team:
• Terrestrial and aquatic sciences
• Geosciences

Table 2.2.2: External agency Involvement in
Integrated Stormwater Management Master
Plan Development
Agency
Conservation
Authorities

Provide environmental data and help
set watershed based environmental
targets.

Regional
Governments

Provide background regarding
regional services and impact on
watershed processes. Assist in
developing management strategies.

Provincial
Ministries

MNR can assist in setting
environmental goal and objectives.
MOE can assist in the development
of stormwater management targets.
MMAH oversees municipal planning.

Federal
Ministries

Fisheries and Oceans Canada
can assist with specific fisheries
targets, Transport Canada oversees
protection of navigable waters.

• Transportation or transit services
• Marketing and communications
• Permitting
• Water and Wastewater services
• Environmental services and stewardship
• Local rate payer associates, business improvement
associations, and residents
• Councillors
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Role in Stormwater Management
Master PlanningProcess

Not all of these groups have to be a part of the project support
team; however, it is best to engage them early in the planning
process to allow them to include or excuse themselves as
they see fit.

Involving External Agencies
The management of water resources is a responsibility that
is shared by multiple levels of government. Understanding
the interaction of these systems can uncover efficiencies and
solutions that would otherwise go unnoticed. It is therefore
important that all levels of government responsible for
stormwater management, wastewater, and potable water are
brought together or consulted before a terms of reference is
developed.
Conservation authorities are responsible for managing many
of Ontario’s rivers, lakes and streams. Conservation authorities
protect natural heritage features such as wetlands, woodlands,
and natural habitat with planning policies. Conservation
authorities are also responsible for safeguarding people and
property from natural hazards such as erosion and flooding by
imposing development regulations around creeks, rivers and
lakes. Conservation authorities are also involved in monitoring
programs that provide understanding of Ontario’s natural
water systems. Conservation authorities play a key role in the
enhanced stormwater management master planning process
by providing direction from a watershed (or subwatershed)
perspective.
In some areas of the Province, regional municipalities have
been established to maximize public service efficiencies
over large geographic areas. These municipalities are often
responsible for wastewater and potable water services but
not stormwater management. Regional municipalities must
be brought to the table provide insight into challenges and
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opportunities associated with their services and to ensure
efficiencies are realized between municipal and regional
program. An example is the issue of basement flooding
when stormwater in the sanitary sewer system leads to sewer
backups into basements. Table 2.2.2 highlights the role of
different external agencies in the study’s development.
Several provincial ministries have a variety of roles and
responsibilities with relation to stormwater management in
Ontario, including Ministry of the Environment and Climate
Change (MOECC), Ministry of Municipal Affairs and Housing
(MMAH), Ministry of Natural Resources and Forestry (MNRF),
Ministry of Economic Development, Employment and
Infrastructure (MEDEI) and Ministry of Transportation (MTO).
An overview of the key acts and regulations overseen by these
ministries is provided in Chapter 8.

Key departmental and
agency staff agency staff
must be involved at the
onset of your project to
assist in development of the
terms of reference.
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2.3 Developing a Terms of Reference
Enhanced stormwater management master plans should be
scoped based on municipal and watershed specific goals,
objectives and targets, as well as available resources. They
should also, as previously noted, provide a balance between
infrastructure and environmental needs.
A well written terms of reference is the first step in ensuring
the final document is of value to your municipality and used
for stormwater management planning for years to come.

Developing a good terms of reference is
critical in setting the right direction for
your project.
As you are developing a terms of reference, there are several
aspects of an integrated stormwater management master plan
that your project team should consider. The extent to which
these considerations are addressed will vary significantly
depending on budget and municipal challenges. Enhanced
stormwater considerations are summarized below with further
detail provided in subsequent chapters.

Existing Guidance
There are several documents that have been developed
within Ontario to assist water managers with various aspects
of enhanced stormwater planning. The project team should

familiarize themselves with these documents as the terms of
reference is being developed.
The following guides are useful resources for stormwater
managers across Ontario. These documents provide direction
with watershed based planning and the design of stormwater
management practices, when a watershed study has not
already been completed or is out of date:
• Low Impact Development Stormwater Management
Planning and Design Guide (TRCA/ CVC, 2010 V1.0)
• Stormwater Management Planning and Design Manual
(MOE, 2003)
• Watershed Management on a Watershed Basis:
Implementing an Ecosystem Approach (MOEE, 1993)
• Subwatershed Planning (MOEE, 1993)
• Overview of Integrated Watershed Management in
Ontario (Conservation Ontario, 2010)
• Integrating Water Management Objectives into Municipal
Planning Documents (MOEE, 1993)
Many municipalities are in areas covered (or partially covered)
by watershed specific studies that provide policy direction
from a watershed perspective. These studies are typically
produced by Conservation Authorities and should be reviewed
before establishing goal, objectives and targets of the
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enhanced stormwater management master plan. Examples of
these studies include, but are not limited to:
• Comprehensive Stormwater Management Master Plan
Guidelines (LSRCA, April 2011)
• Stormwater Management Criteria
(TRCA, August 2012, V 1.0)
• Stormwater Management Criteria (CVC, August 2012)
• Credit River Water Management Strategy Update
(CVC, 2007)
Subwatershed studies are also readily available in many
jurisdictions. These provide background information as well
as goals objectives and targets for smaller, watershed-based
geographical areas.
Within your municipality, historical reports focusing on
stormwater infrastructure may also be available. These
reports typically take the form of master drainage plans
or stormwater master plans. These documents should be
used to provide background information for the enhanced
stormwater management master planning process and to
develop instream targets to define stormwater level of service.

Study Area Delineation
One of the first steps in developing a terms of reference is
identifying the project area. A municipal boundary may include
a wide variety of land uses. Not all of these land uses face the
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same sustainability and infrastructure issues. You may decide
that the project will focus on key issues (i.e. flooding, CSOs,
basement flooding, etc.) meaning greater effort should be
spent on municipal areas contributing to and experiencing
these problems.
Municipal boundaries often include multiple subwatersheds
and can even include different conservation authority
jurisdictions. It is essential that the unique issues and
challenges of each of these are considered before the terms
of reference is released.

An integrated grey and green approach must
consider the need to develop a ‘level-of-service’
for stormwater management based on instream
targets, incorporate the principles of asset
management, as well as integrate the concept
of water sustainability by linking watershed
goals and objectives for water, wastewater and
stormwater.
Enhanced Stormwater Management Objectives

Study Goals
The goals of your project should be clearly identified in your
terms of reference. The main goal of an enhanced stormwater
management master plan is to develop a long-term strategy
for the safe and effective management of stormwater runoff
from a municipality’s urban and rural areas while improving
the ecosystem health and ecological sustainability of the
receiving watersheds.

Enhanced stormwater management objectives should be
outlined in the terms of reference. Objectives will vary based
on municipal issues. Common study objectives for enhanced
stormwater management master plans include the following.
Water Quality:
• Improve surface water and groundwater quality
• Minimize contaminant loading to surface water and
groundwater
Water Quantity:
• Preserve and re-establish the natural hydrologic process
to protect, restore and replenish surface water and
groundwater resources
• Minimize the threat to life and property from flooding
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Erosion Control
• Reduce the impacts of erosion on aquatic and terrestrial
habitat and property.
• Integrate stream erosion within a master planning
process
Natural Environment
• Protect, enhance and restore natural features and
functions such as wetlands, riparian and ecological
corridors
• Improve aquatic habitat and fisheries if appropriate (e.g.
cold-water)

• Fundamentally integrate the Level of Service model
within the context of asset management and instream
target setting

Enhanced Stormwater Management Targets
Stormwater targets are required to assess existing conditions
and evaluate the potential effectiveness of proposed
measures. Targets are quantitative and are often monitored
by long-term municipal programs. Targets are refined during
the study process; however if specific targets are known
prior to project commencement; these should be identified
in the terms of reference. Targets are further discussed in
Chapter 9.

Water Sustainability
• Integrate goals, objectives and targets for water
resources (stormwater, wastewater and potable water).
• Improve stormwater infrastructure resiliency and
adaptation in the content of climate change
Infrastructure
• Provide a level of service which is consistent with
municipal and agency standards
Policy and Implementation
• Integration of Asset Management Plans for Stormwater
which includes long-range forecast and planning
direction for many of the specific policy items and
recommendations (i.e. ponds, OGS and stream
rehabilitation).
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Policy
Your enhanced stormwater management master plan should
consider acts, policies and regulations applicable in your
municipality. These include, but are not limited to:
1. Recent modifications and amendments to the
Fisheries Act
2. Species at Risk Act (2002) and Endangered Species
Act (2007)
3. Recent modifications to exemptions status for
Industrial lands related to Environmental Compliance
Approvals (ECAs, O.Reg 255/11)
4. Clean Water Act (2006), including the protection of
existing and future sources of drinking water through
the development of Source Protection Plans (SPP).

5. Municipal Official Plan Policies as they relate to
Stormwater management and groundwater protection
6. Municipal By-laws concerning stormwater and the use
of areas where source, conveyance and end-of-pipe
controls may be located

Natural Environment Considerations
Many of the goal, objectives, and targets identified in
your terms of reference will directly relate to the natural
environment. Other environmental considerations are often
overlooked by stormwater managers but must be considered
during the enhanced stormwater master planning approach.
Stormwater management facilities represent important links
in municipal open space systems for communities. Open
space systems are often important habitat resources within
a municipality. Enhanced stormwater master planning should
consider the implication of future stormwater management
decisions on greenways and stream corridors as part of a
holistic planning and design approaches.
Stormwater management policy should consider the
relationships between stormwater management facilities
and adjacent natural areas. Stormwater management
facilities can negatively affect or enhance habitat for wildlife
species including amphibians, reptiles, birds and mammals.
Restoration efforts made in conjunction with stormwater
projects can accomplish significant water quality benefits and
improve the health of natural heritage features.
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Stormwater alternatives are assessed not
only based on impacts to stormwater assets
(e.g. operational cost savings, sewer capacity
issues, infrastructure deficits, etc.) but also the
integration of wastewater (e.g. reducing CSOs,
providing assimilative capacity) and potable
water (e.g. source protection) management.

Figure 2.3.1: When developing your terms of reference
consider the value open spaces associated with stormwater
management facilities have to both community recreation
and the natural environment. (Source: Aquafor Beech)

When writing a terms of reference for an enhanced
stormwater management master plan consider long-range
forecast and planning direction for specific policy items
and recommendations concerning these integrated water
systems.

Asset Management
A large portion of conventional stormwater master plans
focuses on the management of stormwater infrastructure.
Enhanced plans take this one step further by looking for
stormwater management solutions and efficiencies in a more
integrated manner. Costs and lifecycle activities associated
with other municipal services must be considered.
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Municipal Planning Policies
Enhanced stormwater master plans provide direction with
respect to the acquisition of lands, easements, “rights-toenter”, and maintenance agreements for stream corridors and
other functional elements of the drainage system. As you
are developing your terms of reference, consideration should
be given to the integration with existing policies pertaining
to these features, including but not limited to municipal land
acquisition policies.
The enhanced stormwater master plan should also consider
how plans, policies and practices can be established in older
areas of a municipality where:
1.

No Subwatershed Study or Master Drainage Plan exists

2.

Master Drainage Plans do exist, but are outdated and do
not integrate Natural Heritage considerations

3.

Intensification and or re-development are anticipated

Resident Engagement
To identify all potential avenues for source, conveyance end
end-of-pipe implementation, your project team may consider
funding a social marketing study, designed to understand
public support and barriers to stormwater measures (see Grey
to green: Marketing LID Retrofits to Homeowners). This
is especially useful for municipalities considering LID practices
located in public places, ROWs or on private residential land.

Future Development
To be of long-term value to a municipality, enhanced
stormwater management master plans should address future
development. Areas of future development or intensification
should be identified. The potential impacts of proposed
development on the environment should be considered and
direction should be provided for appropriate stormwater
measures to be implemented in these areas.
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Operations and Maintenance

1.

The development of stormwater management audit
programs based on watershed/ subwatershed goals
and objectives for chemical, biological and physical
parameters

All enhanced stormwater master plans should include a
review of operations and maintenance practices as they
relate to costs and functionality of stormwater management
systems. This requires detailed operations and maintenance
records and costs to be reviewed.

2.

To better achieve long-term sustainability in your stormwater
maintenance programs an enhanced stormwater master plan
may include sections reviewing:

The development of a program which provides flexibility
to changing conditions, and technologies allowing for
long-term cost savings

3.

The development of a program which complies with
current and future policies

1.

Alternative operations and maintenance funding options

2.

Cost saving technologies and practices

3.

Staffing requirements

4.

Requirements for updated documentation and manuals

5.

Potential maintenance partnerships

6.

Sustainable funding mechanism for implementation and
maintenance

4.

Climate Change
As discussed in Chapter 1 of this guide, climate change has
the potential to increase risk and liability for municipal water
managers. The extent to which climate change scenarios and
adaptation strategies must be addressed by your project team
should be established during the development of a terms of
reference. Consideration may include:
1.

Assessment of stormwater infrastructure vulnerable to
the predicted impacts of climate change

2.

Assessment of potential costs associated with stormwater
infrastructure failures related to climate change

3.

Assessment of liability associated with not acting to new
climate change information (See Chapter 1)

4.

The development of a plan to handle greater singleevent flow rates and volumes of stormwater runoff
resulting from extreme weather events in light of climate
change

5.

The development of an integrated water-balance based
approaches to build resiliency into existing municipal
water management systems

Achieving results that can be used for comparison across
the municipal jurisdiction

Monitoring programs that track the performance
of stormwater management projects and
demonstrate effectiveness can resonate with
taxpayers by creating accountability for the cost
of those projects.

Monitoring
All enhanced stormwater master plans should include a
review of municipal stormwater monitoring programs. Key
considerations include:
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Project Budget
The cost of an enhanced stormwater master plan can vary
significantly depending on the scope of the project. It is
essential that you know the approximate budget allocated
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to this project before developing a terms of reference. If the
project budget and required scope of work are not compatible,
one of these may need to be revised.
Subsequent chapters of this guide will define the potential
tasks to be undertaken together with budgetary considerations.

Enhanced stormwater management
master plans have been undertaken
for as little as $60,000 and up to
$1,000,000.
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2.4 In-house
expertise

requirements

and

Enhanced stormwater management master plans are
intensive studies that require significant effort by both the
consultant and municipal project team. Even though the
majority of the analysis and reporting will be conducted by the
consultant; your project team should plan for the expenditure
of significant internal time and resources.

During Project Initiation
In-house expertise will be required during the development of
an enhanced stormwater management master plan. A senior
person within the municipality (likely the project manager)
will be called upon to build consensus amongst municipal
departments and agencies at the initiation of the project. This
person will be responsible for ensuring deliverables outlined
in the project scope satisfy municipal needs. This person
must also be responsible for allocating municipal resources
to the project through communication with decision makers in
various municipal departments. The business case provided
in Chapter 1 is a good starting point for getting buy-in from
decision makers to support the project.

During the Study
Project support from technical staff will be required during the
project. Technical staff will be necessary to:
1.

Verify accuracy of and provide background information
(studies, policies, etc.) to the consultants

2.

Verify accuracy of and provide technical data (mapping,
engineering drawings, operations and maintenance
records, etc.)

3.

Answer questions relating to in-field activities and
observations

4.

Correspond with other departments and councilors as
required

5.

Participate in the overall direction and management of
the study

At Study Completion
The recommendations in an enhanced stormwater
management master plan can affect a wide range of
municipal activities and be a catalyst for the development of
new policies. Recommendations can relate to:
1.

municipal level of stormwater service provided

2.

operations schedules and procedures
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3.

land acquisition strategies

4.

development strategies

5.

monitoring programs

6.

prioritization of capital works

7.

data collection

8.

by-laws (amendments and enforcement policies)

9.

funding systems

Managers from municipal departments will be required to
implement the recommendations and strategies that are
developed during the enhanced stormwater master planning
process. This may also require the hiring of staff to implement
the measures. Considerable time and effort will be required
to ensure that the process results in deliverables that can be
utilized within municipal departments.

Grey to Green Enhanced Stormwater Master Planning
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3.0 The Enhanced Stormwater Master Plan Process
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When you are considering the scope of an Enhanced
Stormwater Management Master Plan, it is important to
remember that “one shoe does not fit all”. The following
factors will influence the scope of an ESWM-MP:
• Existing issues and vulnerabilities within your municipality
(stormwater, environmental, infrastructural)
• Available budget
• Staff resources
• Availability of previous studies
Although the scope and level of effort required to develop
an ESWM-MP can vary significantly, the steps required to
complete an ESWM-MP remain consistent. This Chapter,
The Enhanced Stormwater Master Plan Process provides a
“generic approach” for undertaking ESWM-MPs. This chapter
defines an eight step process that should be followed by an
enhanced stormwater management master planning team.
The key considerations for each step are summarized below
with further detail and examples being provided in Chapter
4 through 11. Consultation with stakeholders should occur
throughout the process, particularly during Steps 1, 4, 6
and 8.
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The study definition step is an essential step in establishing
a solid foundation for the master plan. The main tasks in this
step are:

By following the EA process during the
development of an ESWM-MP, you streamline
implementation of recommendations by
avoiding the EA process at a later date.

1.
2.

Step 3 – Define Existing Conditions

Step 1 – Study Definition

3.

Define the extent of the study area
Defining the problems to be addressed in the master
plan
Define the general goals and objectives of the master
plan (to be refined in Step 4)

Step 2 – The Environmental Assessment
Process
Before undertaking an ESWM-MP, consider whether a Class
Environmental Assessment (EA) process will be needed.
The Class EA process is a decision making framework that
municipalities must follow for infrastructure projects including
roads, water, wastewater, and stormwater projects. There are
four EA schedules that are based on the scope of the works to
be undertaken. Levels of public and agency consultation are
defined by the EA schedule. Following the EA process for an
ESWM-MP requires consultation during the initiation of the
study and during the selection of preferred alternatives.

ESWM-MPs are documents that rely on monitoring programs
and technical studies for background data analyzed during
the enhanced master planning process. Defining the existing
conditions is a critical step in developing an ESWM-MP. To
properly address asset management and sustainability issues
the plan must focus on both existing environmental conditions
and existing infrastructure conditions. This step relies heavily
on existing studies and monitoring programs. General
groupings for existing conditions are:
• Environmental
• SWM Facilities
• Sewer Systems
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Defining existing conditions can only be completed after
problems are properly defined (Step 1). Step 3 may involve
the following tasks:
1.
2.
3.
4.
5.

Review of existing documents
Limited field programs
Modeling
Summarize findings
Revisit problems

Step 4 – Define Infrastructure and
Environmental Goals, Objectives and
Targets
It is essential that an ESWM-MP outline goals, objectives and
targets. Goals are general points associated with the plan and
are often identified prior to project initiation. They are can
be applied across a municipality. Goals can include broad
statements such as:

Objectives describe how the goals can be achieved. Objectives
often relate to specific technical principles. Objectives can be
specific to geographical areas within your municipality or can
be municipality-wide. An integrate approach may consider
objectives that have the potential to solve multiple issues.
For example, promoting infiltration can sustain groundwater
resources, preserve baseflow, and reduce stream erosion.
Objectives may include, but are not limited to:
• Maintain groundwater recharge
• Minimize flood hazard on local creek system
• Protect local intake protection zone
• Restore native terrestrial and aquatic plant and animal
species community diversity
• Reduce frequency of Combined Sewer Overflows (CSOs)
• Reduce phosphorus loading to local receiver
• Provide sufficient water supply for expected demand

• Ensure safe and abundant drinking water
• Maintain the expected level of service for municipal
sewer infrastructure
• Maintain a healthy local sport fishery
• Reduce stream erosion
• Reduce urban flooding
• Meet in-stream targets
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Targets are specific aims that are associated with measurable
parameters used to evaluate how successful alternatives are
in achieving stated objectives. Baseline conditions must be
assessed before targets can be established. Targets can be
short, medium, or long-term. Targets may be set by municipal
policy but can also be found in regional, provincial and federal
documents. Some examples of targets are listed below:
• CSO targets established in MOE Procedure F-5-5

• Parameter concentrations established in Provincial Water
Quality Objectives
• Acceptable ranges of 1:25-year flow to baseflow as
defined by watershed or Subwatershed specific
• Acceptable ranges of bankful flow to baseflow as defined
by watershed or Subwatershed specific

Step 5 – Develop a Long List of
Management Options
The next step in the ESWM-MP is to develop a long list of
management options. The management options should be
consistent with all goals, objectives and targets established
in Step 4. The management options should consider both
existing land use and the integration of proposed land uses
within the study area.

A note on terminology:
Stormwater
management master plans across Ontario use
various terminologies, such as alternatives,
management options, and solutions, to
describe the types of stormwater management
practices that are identified, compared and
recommended within the SWM-MP; however,
this guide will generally make use of the term
“management options”.
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Management options considered should include but will not
necessarily be confined to the following:

wetlands and other aquatic habitat to natural conditions.
These measures should be implemented in conjunction with
practices that prevent further degradation.

committee and public input should be sought during the
evaluation process. Possible evaluation considerations for
each alternative include but are not limited to:

Rural Measures

• Ability to meet goals, objectives and targets (including
any hierarchy within objectives and targets)

Source Controls
These practices are physical measures that promote
infiltration close to the runoff source. These facilities are
generally located upstream of drainage systems. They can
be established on private properties such as residential or
commercial lots.

These measures are specific to rural areas and are
implemented to mitigate pollution from agricultural operations.
Rural measures include structural and non-structural best
management practices.

• Ease of design
• Ease of construction
• Implementation timing
• Degree of municipal control

Conveyance Controls

Management and Operation Options

These practices are stormwater transport systems that are
generally within the road right-of-way. Conveyance controls
include perforated pipes, bioswales, bioretention, and
permeable pavement. These practices can be designed to
promote infiltration and reduce pollutant loading.

These measures are undertaken by the municipality to extend
the function or lifespan of existing infrastructure. Management
and operations measures include drain flushing, catch basin
cleaning, street cleaning, leaf removal, cross-connection
control programs, and public education programs.

• Technical requirements for implementation
• Physical limitations
• Implementation costs
• Lifecycle costs
• Operations and maintenance requirements

End-of-Pipe Control Measures
These practices are located at the end of stormwater
conveyance systems. End-of-Pipe measures include
stormwater management ponds, wetlands, and infiltration
facilities. These practices are commonly designed for erosion,
quality and quantity control applications.

Restoration Measures
These measures are implemented to restore streams,
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Step 6 – Evaluate the Alternatives
It is unlikely that all of the alternatives identified in Step 5
will be implementable due to constraints including time and
budget. It is essential that alternatives are evaluated in Step
6. The evaluation of the environmental impact of alternatives
is a key aspect of the environmental assessment process.
Economic, social, and policy impact must also be evaluated.
The evaluation methodology and criteria will vary based
on available data and budget. In all cases both steering

• Specialized skills and staffing requirements
• Municipal liability and safety
• Ease of integration with existing with existing
infrastructure and municipal programs
• Public support and acceptance
• Aesthetic value
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Step 7 – Develop a Recommended Plan
Additional details must be determined for the highest ranking
alternatives from Step 6 as you develop a recommended plan.
This Step involves defining the technical requirements of
alternatives. Types of alternatives to be implemented must be
identified at this stage. Technical analysis must also confirm
the sizes and locations of these measures. This Step involves
the development of figures and tables to illustrate the location
and type of measures recommended by the ESWM-MP.

• Lifecycle costs
• Funding responsibilities
• Staffing requirements
• Environmental Assessment Requirements

Step 8 – Develop an Implementation
Plan
The final step in the ESWM-MP process is the development of an
implementation plan. This plan must comprehensively outline
a plan for implementing all infrastructural recommendations
discussed in the master plan. Considerations of the
implementation plan include:
• Detailed description of measure
• Action required
• Responsible party
• Timeframe
• Benefits provided
• Implementation Cost
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4.0

Study Definition
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At this stage of the project you have identified the in-house
resources, formed a project team, and have defined the roles
of the municipality and agencies in the ESWM-MP process. It
is now time for the first step in the master planning process,
study definition.
Study definition can be broken down into these tasks:
• Define the extent of the study area.
• Define the problems to be addressed
• Define the general goals and objectives of the master
plan (to be refined in Step 4).
• Identify unique study areas within the municipality.

Chapter 4 is a scoping exercise to be undertaken
by the municipality, conservation authority, and
other relevant agencies to refine the extent of
the study area, identify general problems to be
addressed, and establish goals and objectives,
as well as unique management areas within
the study area. Project teams should revisit this
process once existing conditions are defined
(Chapter 6) and goals, objectives, and targets
are established (Chapter 7).
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Figure 4.1.1: The Town of Aurora is an example of a municipality that is almost entirely contained within one watershed. Though
rural and urban areas exist, almost all areas are within the jurisdiction of the Lake Simcoe Region Conservation Authority. See the
technical compendium for more information and examples of field defining study area extents from real-world stormwater master
planning applications (Source: Town of Aurora)
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4.1 Define the extent of the study area
ESWM-MPs provide watershed and community-scale
recommendations for municipal staff. These recommendations
provide a roadmap for municipalities to manage water in
a holistic manner respecting both sustainability and asset
management. The ESWM-MP study area typically focuses on
areas within municipal boundaries but needs to consider the
influence of external areas from a watershed perspective.
Municipal boundaries frequently bisect subwatershed and
even watershed boundaries. As a result of this, the ESWMMP study area may cover numerous distinct hydrologic
areas each with unique issues and opportunities. For smaller
municipalities, it may make sense to coordinate your ESWMMP study with other small municipalities within your area or
watershed for cost-sharing benefits.

Know your municipal boundaries and how they
relate to watershed boundaries. Determine
the extent of the areas to be studied and their
importance with respect to study processes,
budget, and findings/recommendations. By
considering the distinct hydrologic areas,
opportunities, and constraints within the
watershed(s), your ESWM-MP can address
a broader set of issues and provide more
meaningful solutions.
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The first step is to identify the watersheds or portions
of a watershed that your municipal boundary intersects.
Based upon the number and size of watershed(s) within
your municipality, the study area may be categorized
as homogeneous or complex. Further information on
homogeneous and complex study areas and case studies on
municipalities in the following categories.

Simple study areas
Municipalities that contain primarily one watershed will still
deal with a variety of land uses and watershed issues but
can tackle these challenges with land management strategies
tailored to meet watershed-specific objectives.
The Town of Aurora is almost entirely contained within the
Lake Simcoe Watershed. As such, most of the municipality
falls within the jurisdiction of the Lake Simcoe Region
Conservation Authority (LSRCA).
The Stormwater Management Master Plan recently completed
for the Town of Aurora was written based on a well-defined
scope outlined in the Comprehensive Stormwater Management
Master Plan Guidelines that the LSRCA published in 2011.
In the case of the Town of Aurora’s Stormwater Master Plan
(as well as others located within the Lake Simcoe Watershed),
the objectives focus on:

• Reducing loadings of phosphorus and other nutrients to
Lake Simcoe and its tributaries
• Reducing discharges of pollutants to Lake Simcoe and its
tributaries
A municipality located within a single watershed with predefined issues and objectives is rare in the Province of Ontario.
Municipalities will more commonly have complex watershed
boundaries with a diverse range of challenges and often little
to no well-defined watershed based objectives.

Complex study areas
Municipalities with boundaries that cross multiple watersheds
or parts of watersheds are said to be in complex study areas.
Municipalities within complex study areas should plan for a
larger-scale ESWM-MP, as multiple conservation authorities
and other appropriate agencies will need to be part of the
project team. Multiple issues for each watershed and options
for addressing them will also need to be considered.
The City of Hamilton completed a Stormwater Management
Master Plan in 2007. The municipal boundaries of Hamilton
include a high degree of complexity for stormwater
professionals as a result of the wide variety of land uses, many
watershed boundaries, and the jurisdictional boundaries of
four conservation authorities.
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The geography and resulting surface drainage within the City
of Hamilton is unique. The municipal boundary straddles the
Niagara Escarpment, which defines an earlier lake shoreline.
The municipality includes the major drainage divide between
two Great Lakes: Lake Ontario and Lake Erie.
The municipality is divided between four conservation
authorities. Within the jurisdiction of Hamilton Conservation
Authority are:
•
•
•
•
•
•

Sulphur Creek
Spencer Creek
Borer’s Creek
Chedoke Creek
Red Hill Creek
Stony Creek.

Within the jurisdiction of Conservation Halton are:
• Grindstone Creek
• Bronte Creek
Within the jurisdiction of the Grand River Conservation
Authority are:
• Fairchild Creek
• Big Creek.

Figure 4.1.2: The City of Hamilton is an example of a municipal boundary that includes several land uses and watersheds. This
figures identifies 15 watersheds and 4 conservation authorities (Source: City of Hamilton)
Within the jurisdiction of the Niagara Peninsula Conservation
Authority are:
• Forty Mile Creek
• Twenty Mile Creek
• The Welland River.
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The watersheds themselves also show significant variation
in land use. Some watersheds including Red Hill Creek and
Chedoke Creek as well as tributaries of Lake Ontario in the
community of Stoney Creek and the central business district
of Hamilton are more than 80% urbanized. Conversely many
watersheds or the portions of the watersheds within the
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municipality contain less than 5% urbanized areas. These
watersheds include Big Creek, Bronte Creek, Fairchild Creek,
Forty Mile Creek, Twenty Mile Creek and the Welland River.
Another complexity with the City of Hamilton Stormwater
Master Plan is that some watersheds are totally contained
within the municipal boundaries while others are only partially
contained within the city limits. The Welland River watershed,
for example, is only 13% contained within the City of Hamilton.
These areas are predominately rural headwater areas with the
majority of urban development in municipalities to the east.
At this stage of the Enhanced Stormwater Management
Master Planning exercise, your project team must definitively
determine the boundaries of the study area and develop an
understanding of the watershed issues that are present within
the study area.

4.2 Define the issues to be addressed
in the master plan
Historically, stormwater master plans have primarily
addressed issues associated with stormwater infrastructure.
These issues include, but are not limited to:
• Storm sewer capacity
• Urban flooding
• Bridges and culverts
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• Combined sewer separation
• End-of-pipe treatment
The grey and green approach to stormwater management
planning goes beyond these issues in order to ensure municipal
stormwater management systems are environmentally,
economically and socially sustainable. Along with identifying
the infrastructure issues, the grey and green approach
considers environmental and social goals associated with
watershed health.

Stormwater filters into the soil, erosion is stabilized by
plant roots, and water that reaches lakes and rivers is cool
and clear.
As urbanization progresses, the increase of impervious
surfaces and pollution from different land uses and various
anthropogenic activities results in a wide variety of problems.
Many issues associated with the impact of urbanization were

Many stormwater master plans have not taken into
consideration the ability of receiving waterbodies to handle
the flows and water quality discharged from conventional
stormwater management systems, which has led to
environmental and economic impacts from issues such as
erosion, degraded water quality, and decreased base flows.

Instead of focusing on only municipal
infrastructure issues from the onset of your
study, consider issues facing the watershed.
Addressing watershed issues, such as meeting
in-stream water quality and flow targets, should
be a primary goal of an ESWM-MP.
Under natural, undeveloped conditions, rainfall enters natural
hydrologic pathways. As stormwater flows over pervious
surfaces, infiltration, and evapotranspiration take place.

Figure 4.2.1: Bank erosion causing infrastructure failures is
a main concern for many municipalities in Ontario (Source:
Aquafor Beech)
discussed in Chapter 1 of this guide. Table 4.2.1 highlights
common sustainability and asset management issues that
face municipalities.
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Table 4.2.1: Common issues that can be addressed in an ESWM-MP.

Figure 4.2.2: Water quality issues can be caused by a
complex suite of factors. Here a storm sewer discharges
directly to a watercourse. Depending on local conditions,
these uncontrolled areas may be significant contributors to
in-stream water quality issues. (Source: Aquafor Beech)

General stormwater issues should be identified in the ESWMMP terms of reference. These are later refined by reviewing
existing conditions (Step 3).

When reading the issues in Table 4.2.1, consider
if your municipality is facing these issues. If so,
there is likely value in describing these issues in
the terms of reference of your ESWM-MP.

40

Issue

Possible Contributing Factors

Identification

Basement flooding

• Increase in frequency of extreme weather events
• Sewer failures
• Home plumbing failures / installation errors

• Complaints records
• Drainage plans

Urban flooding

• Increase in frequency extreme weather events
• Sewer failures
• Lack of overland flow route

• Complaints records
• Road closures

Bank erosion

• Increase in runoff
• Riparian vegetation removal

• Infrastructure failures along watercourse
• Exposed utilities along watercourses
• Rapidly changing channel morphology

Poor water quality

• Lack of stormwater quality BMPs
• Spills and point source pollution
• Urban development (TSS loading from
construction)
• Road operations
• CSOs (combined sewer overflows)
• Reduced assimilative capacity
• Agricultural nutrient loading

• Stormwater audit programs
• Provincial Water Quality Monitoring Network
data (PWQMN)

Degraded aquatic habitat

• Changes to baseflow regime
• Poor water quality issues (see above)
• Riparian vegetation removal

• Stormwater audit programs
• Benthic monitoring

Stormwater infrastructure
failures

• Increase in frequency of extreme weather events
• Development pressures exceed original design
• Lack of maintenance
• End of lifespan

• Complaints records
• Master drainage plan findings/
recommendations
• Inspection records

Lack of stormwater
infrastructure

• Development prior to modern stormwater policies

• Outfalls discharging directly to receiving waters
• Other water quality and water quality issues
present (see issues above)

WWTP (wastewater treatment
plant) inefficiencies

• Combined sewers
• I and I (Inflow and infiltration)

• WWTP flow records
• I and I studies

Municipal wellhead threats

• Land use within Wellhead Protection Area (WHPA)
• Operations within WHPA

• Source protection plans

Municipal wellhead capacity
issues

• Changes to infiltration rates
• Changing demographics
• Changes land use

• Source protection plans Municipal pumping
records

Surface water intake threats

• CSOs
• Water quality issues (see above)

• Source protection plans

Surface water intake capacity
issues

• Lack of base flow
• Changes to precipitation patterns

• Source protection plans Municipal water ban
records

4.3 Define the general goals and
objectives of the ESWM-MP
The general goals and objectives of an ESWM-MP must be
clearly identified before a project team begins to identify
existing conditions and opportunities. The goals stated
in a terms of reference should relate directly to the issues
identified in the terms of reference. The goals identified are
typically broad statements such as:

If background information identifying significant contributors
to watershed issue is available when developing a terms of
reference, objectives should be clarified in the document.
Objectives are more detailed than general goals. Objectives
identified in the terms of reference for an ESWM-MP can
include, but are not limited to:
• Reduce phosphorus loading to subwatershed.
• Maintain groundwater recharge in headwater areas.

• Improve water quality.

• Reduce flows from a 1:10-year event in local creek.

• Reduce urban flooding.

• Reduce erosion along a watercourse.

• Ensure safe and abundant drinking water.

A general objective of your SWM-MP may be
to meet the watershed targets set out in a
completed watershed study. For guidance on
setting instream targets and watershed targets,
please stay tuned for future guidance from CVC.

• Meet a particular level of stormwater service.

Providing resiliency within
your municipal infrastructure
for the impacts of climate
change may be a general
goal of your ESWM-MP.
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The general goals and objectives of the study help scope
the project but should not confine Step 3 – Define Existing
Conditions (Chapter 6). Information collected during Step 3
will refine the objectives of your ESWM-MP.

the general goals and objectives defined in this step and/or
identify more appropriate goals and objectives.
General goals may also relate to meeting a level of stormwater
service. Your municipality can evaluate level of stormwater
service in a number of ways often relating to acceptable flood
protection and water quality treatment provided. Meeting a
level of stormwater service that you deem acceptable should
be a top priority within your municipality. It is a good idea
to include other stakeholders, such as water and wastewater
experts, to ensure goals relating to stormwater will not
negatively impact water and wastewater.

4.4 Identify unique management areas
within the municipality
Even before the project team conducts an extensive review of
background information, distinct management areas may be
evident in the overall study area. Consider a large municipality
with both rural and urban land uses. For such a municipality
it may be beneficial to define these areas from the start of the
study. Each area will present unique issues and opportunities.
Varying levels of effort will be required between these areas.

It should be noted that Step 4 of the ESWM-MP process is
“Define Environmental and Infrastructure Goals, Objectives
and Targets” (Chapter 7). Step 4 occurs after existing
conditions have been thoroughly defined. Step 4 should refine
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Develop an understanding of the unique
management areas within your study area.
This will be beneficial when analyzing existing
conditions and setting study goals objectives
and targets later in the process.
Depending on the overall scope of your ESWM-MP, it may
be beneficial to consider the following unique management
areas:

Urban and rural areas
Urban and rural areas can be classified as separate
management areas because existing water management
infrastructure and common issues differ greatly.
The infrastructure commonly present in urban areas includes
drainage systems comprised of curb-and-gutter, storm sewers,
and outfalls that may discharge directly to receivers such as
creeks, rivers, and lakes. In areas built since the 1990s, it
is likely that stormwater management facilities exist. Urban
infrastructure also includes sanitary sewers and water mains.
Common issues associated with heavily urbanized areas can
include frequent storm sewer surcharging, combined sewer
overflows, basement flooding, urban flooding, significant
pollutant loading, lack of overland flow paths, and degraded
storm sewer infrastructure.
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Figure 4.4.2: Subwatershed 19 is located in the headwaters of the Credit River. Healthy baseflow (groundwater discharge to
streams and rivers) in the Credit River watershed is essential to maintain watershed function and human uses downstream. This
figure shows wellheads located in several municipalities in Subwatershed 19. Projected future growth in Subwatershed 19 was
found to increase the water demand which would increase water taking and reduce baseflow, thereby impacting assimilative
capacity for wastewater treatment plan effluent as well as fisheries (Source: CVC)
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Rural areas typically lack subsurface stormwater infrastructure.
These areas often rely on open channel drainage systems
comprised of open channels (ditches, swales and
watercourses) to convey runoff to downstream receivers.
Municipal water and sanitary sewage infrastructure may not
be present in rural areas. Instead individual parcels may rely
on wells and septic systems. Common issues associated
with rural areas include pollutant loading from agricultural
practices and development pressure from urban expansion.
Wellhead Protection Areas are commonly found in rural areas.
The technical findings and planning requirements of Tier 1 to
Tier 3 Wellhead Protection Plans should be incorporated into
ESWM-MPs.

Water quality control: Neighbourhoods built in Ontario prior
to the early 1990s may be provided with flood control but
typically lacked water quality treatment and erosion control.

between one surficial geologic area and another, it may be
beneficial to consider two distinct management areas.

Inflow and infiltration: Neighbourhoods with sanitary sewers
that are close to their expected lifespan are more prone to
excess flows caused by inflow and infiltration. Cracks, loose
joints, and other damaged caused by age related deterioration
can cause groundwater to enter sanitary pipes resulting in
high operational costs.

Source protection areas

Growth areas and fully developed areas

The age of neighbourhoods within the overall study area may
be a good indication of existing issues. Older neighbourhoods
are less likely to have infrastructure that meets modern
industry standards. Examples include:

Municipal planning documents identify urban growth areas.
Areas where development or intensification is expected
require additional analysis in an ESWM-MP and should be
identified when initiating the study. A properly written master
plan will assess the stormwater management infrastructure
needs of development areas. The environmental impact of
planned of development should also be addressed.

Combined sewers: Most urban areas built prior to the early
1940s are served by combined sewers29.

Surficial geology and soils

Old neighbourhoods and new beighbourhoods

Water quantity control: Neighbourhoods built in Ontario prior to
the early 1980s were designed for rapid conveyance of runoff
away from the urban area and typically lacked stormwater
management facilities to prevent downstream flooding.
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Source protection plans govern the development and use of
land in the vicinity of Wellhead Protection Areas and Intake
Protection Zones. Within your study area, these features
require additional analysis starting with review of source
protection plans. Where applicable, ESWM-MPs should
integrate the recommendations of source protection plans.

Drinking water source
Your municipality either relies on groundwater or surface
water sources for its drinking water, which in the case of
surface water, may be riverine or lake based. In rural, unserviced areas residents may have private drinking water
sources. Regardless of whether source water protection
areas existing within your study area, drinking water sources
should be considered during the master planning process.

Surficial geology refers to unconsolidated geologic material
lying on top of local bedrock. In many regions of Ontario,
distinct geological features bisect municipal boundaries.
Surficial geological data can help identify ecologically
sensitive areas, hazard lands and suitability for infiltration
based stormwater solutions. Where a distinct boundary exists
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5.0 The Environmental Assessment Process

44

Grey to Green Enhanced Stormwater Master Planning

A key objective of Enhanced Stormwater Management
Master Plan (ESWM-MP) is to make infrastructure planning
recommendations that consider existing and future land
use. The planning of municipal infrastructure projects in
Ontario must meet the requirements of the Environmental
Assessment Act.
The Municipal Class Environmental Assessment (EA) process
is a well-defined course of action that municipalities must
follow when undertaking infrastructure projects. The process
helps municipalities identify potential environmental impacts
and effectively fulfill their responsibilities to the public in a
timely, economic, and environmentally responsible manner,
which should also be goals of your ESWM-MP.

5.1 Class EA process overview
In accordance with the Act, the Class EA approach is outlined
in the Municipal Engineers Association’s (MEA) Municipal
Class Environmental Assessment document published in
2000 and amended in 2007 and 2011. The document
outlines the process requirements, recommendations, and

examples pertaining to public and stakeholder consultation
and notification. The following section summarizes the most
current MEA document.

For more information on the EA
master
planning
process,
visit
municipalengineers.on.ca

The Act was legislated by the Province of Ontario in 1980 to
ensure that appropriate environmental analysis is conducted
prior to the onset of development and municipal servicing
projects. Depending on the individual project or master plan,
there are different processes that municipalities must follow
to meet Ontario’s EA requirements.
The Act governs all public works that have the potential
to affect the environment. This includes transportation,
stormwater, water, and sewer infrastructure. Therefore, the EA
process can play an important role in developing a municipal
ESWM-MP.

Figure 5.1.1: This flow chart is from the Municipal Engineers Association’s Municipal Class Environmental Assessment (MEA)
document. It should be used as a process map when undertaking a Class EA. (Source: Municipal Engineers Association)
Grey to Green Enhanced Stormwater Master Planning
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Figure 5.1.1 illustrates the Municipal Class Environmental
Assessment master planning process. The process may
involve up to five phases of assessment.
MEA’s Municipal Class Environmental Assessment planning
guidance document outlines a streamlined, self-administered
framework for municipal projects in accordance with the
provisions of the Environmental Assessment Act. This
framework enables the planning and execution of municipal
projects in accordance with an approved procedure that is
designed to ensure that potential effects to the natural, social,
cultural, technical, and economic environments are taken into
consideration on a consistent basis.
Municipal Class EAs ensure compliance with the Act by
providing for the identification of problems or opportunities,
giving due regard to the need to protect the environment by
minimizing environmental effects through project design or
mitigation with the involvement and input of the public and
regulatory agencies during the planning and decision-making
processes.
Provided the process is followed, projects and activities
included under the Class EA do not require formal review and
approval under the Act. In this fashion, the Class EA process
expedites the environmental assessment of smaller recurring
projects. However, per the Act, Class EAs are prepared for
approval by the Minister of the Environment.
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5.2 Individual Class EA schedules
The Class EA process recognizes that municipal projects
will vary in their environmental impact. Therefore, the level
of analysis and consultation required also varies. Within the
Class EA process, four schedules are specified based on their
environmental impact.
Schedule A: These projects are pre-approved as a result of
minimal environmental impacts. This schedule is typically
reserved for emergency operational and maintenance
activities.

5.3 Class EA: What you need to know
Who is the Study Proponent?
The roles and responsibilities of stakeholders within this
approach can be complex as different parties will have
interests in the servicing and development of land. In general,
the proponent of the grey and green approach will be the same
as the applicant under the Planning Act. In the development of
an ESWM-MP, this is almost always the municipality.

What planning applications can be included?
Schedule A+: These projects are pre-approved, but the public
is required to be advised prior to implementation.
Schedule B: These projects require screening and consultation
as a result of potential for adverse environmental impacts.
Improvements and minor expansions to existing facilities fall
under this category.
Schedule C: These projects are required to proceed through
the environmental assessment planning process outlined
in the MEA’s Municipal Class Environmental Assessment
document. These projects include construction of new
facilities and major expansions to existing facilities.

This approach is suited for long-term planning of large
geographical areas where independent decisions which
impact the servicing and land use are being made. Planning
applications that can be integrated with the Class EA process
include:
• Official Plans
• Official Plan Amendments
• Secondary Plans
• Community Improvement Plans
• Plan of Subdivisions
• Plan of Condominiums
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This approach allows a range of servicing alternatives to
be addressed in order to recommend the best option for
the community. In these integrated documents the range
of servicing options can be extensive as the land use plan
has not been finalized. As such, the plans are often broad
satisfying Phases 1 and 2 but not meeting the requirements
of Phases 2 and 3 for Schedule C projects. These are the key
points to the integrated approach:
• Classifying the project or project components through the
appropriate EA schedule is necessary
• All Class EA planning principles and consultation
requirements apply
• Documentation should follow requirements outlined in
section A.2.9.4 of MEA’s Municipal Class Environmental
Assessment document.
• Each phase of Class EA is to accompany the Planning
Act application in a publically available document
• If planning decisions are appealed to the Ontario
Municipal Board (OMB), requirements of the integrated
approach have not been met until the OMB renders a
decision that allows the project to proceed.

5.4 Class EA-Process
Figure 5.1.1 illustrates the Class EA planning process, which
has five phases.

Public consultation
Public consultation with stakeholders is an important part
of all Municipal Class EA processes. As part of the Class EA
Master Plans process, it is imperative. At a minimum two
points of contacts during each of the two phase of the Class
EA Master Plan study process is required.
Although additional public and agency consultation beyond
the minimum requirements is not prescribed within the Class
EA Master Plans process, it is common to have additional
points of contact. The rational for additional consultation can
be:
• The selected master plan approach/ study complexity
• Study/issue sensitivity
• Public awareness and level of civic involvement
• Master plan budget
• Historical practices of the municipality

The Class EA process may
require extensive public and
stakeholder consultation.
Developing your ESWM-MP
through the EA process will
require sufficient budget to
complete these activities.
Points of consultation within the Class EA process can include:
• At the initiation of the Class EA study so that the scope
and purpose of the study is understood. Typically
includes the definition of the problem statement and
potential opportunities.
• To present the characterization of the existing conditions
• Upon development of the long list of alternatives
• The selection of the preferred set of alternatives
• Implementation approaches and considerations

Grey to Green Enhanced Stormwater Master Planning
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Phase 1
Establish a problem or opportunity

Phase 2
Identify & assess solutions and select a preferred alternative

Phase 3
Identify & assess alternative design concepts for the preferred solution and select preferred

Phase 4
Prepare an environmental study report

Phase 5
Proceed with design and implementation
Figure 5.4.1: The five phases of the Class EA process. (Source: Adapted from Municipal Engineers Association)
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5.5 Municipal Class EA Master Plan
approach
Although it is generally recommended that an ESWM-MP
follows the Municipal Class EA Master Plan approach, it is
not mandatory. Municipalities may choose to undertake an
ESWM-MP outside the Class EA process for a variety of
reasons including budget, project scope, and or expediency.
However, in doing so, project teams do not realize the benefits
of the Municipal Class EA Master Plan approach. ESWMMPs that do not follow the Municipal Class EA Master Plan
approach must address all phases of the Class EA process for
each identified project on a project-by-project basis.
The MEA document (2000, as amended in 2007 and 2011)
recognizes that in many cases it is beneficial to begin the
planning process by looking at a group or related projects or
the overall infrastructure system, rather than addressing the
planning and design process on a project by project basis. By
planning in this way, the need and justification for individual
projects and the associated broader environmental and
infrastructure context are better defined.
Master plans, including ESWM-MPs, generally differ from
project-specific studies because they allow municipalities
to develop long range infrastructure planning which enables
the municipality to comprehensively identify needs, establish
broader options and opportunities and to act proactively in
addressing issues before they become a problem.

Grey to Green Enhanced Stormwater Master Planning

The Municipal Class EA Master Plan approach:
• Addresses the key principles of successful environmental
planning per the EA Act
• Addresses, at a minimum, Phases 1 and 2 of the Class
EA process, but can also cover other phases
• Allows for an integrated approach and process with other
initiatives
• Provides for a strategic level assessment of various
alternatives to better address overall system needs,
potential impacts, and mitigation strategies
• Is generally a long-term strategy
• Employs a system-wide approach which related
infrastructure either geographically of by function
• Recommended works, which form part of the collective
management system and may be implemented as
separate projects
• Concludes with a set of preferred solutions/works,
therefore by nature limiting the scope of alternatives that
can be considered at implementation
• Requests for an order to comply with Part II of the Act
are possible for only those projects identified in the
Master Plan which are subject to the Class EA, and not
the Master Plan itself (see Section 5.7)
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ESWM-MPs that follow the Municipal Class EA
Master Plan approach must, at a minimum,
address Phases 1 and 2 of the Municipal Class
EA process, but can also cover other phases.

ESWM-MPs typically recommend a set of works that are
distributed geographically throughout the study area and that
are to be implemented over an extended period of time. These
works may be implemented as separate projects, but they are
part of the larger integrated infrastructure system.

Save time and effort and follow the
EA process!
If you use the Municipal Class EA Master Plan
pproach, all Schedule A, A+, and B projects can
proceed directly to detailed design.
The MEA document has provisions for the completion of
Master Plans using one of four (4) Municipal Class EA Master
Plan approaches. The master plan approach to municipal
infrastructure provides value to the EA process by providing
comprehensive, integrated and long-term strategies. The
MEA document highlights the need for integration of the two
processes and proposes four approaches in Appendix 4.

The approach you choose will be determined
by the available budget, the implementation
timeframe, and envisioned complexity. In
general, the costs to complete an ESWMMP will increase as you move from Approach
1 to 4.
Approach 1
This is a common approach for broadly scoped master
planning documents covering many infrastructure projects.
The master plan is prepared at the conclusion of Phases 1
and 2 of the Municipal Class EA process. The master plan
document is made available for public comment before being
approved by the municipality. More detailed investigation and
analysis is needed at the site-specific level in order to fulfill
the Class EA requirements for Schedule B and C projects. The
master plan is used as the foundation for future investigations
required for Schedule B and C projects.

Approach 2
This approach is common for master plans that primarily
relate to Schedule B projects, such as improvements and
minor expansion of municipal facilities. Within this approach
the master plan is prepared at the conclusion of Phases 1
and 2 of the Class EA process. The level of effort put into
investigation, consultation and documentation is tailored to
meet the requirements of Schedule B projects. Any Schedule
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C projects require additional effort to fulfil Phases 3 and 4. The
master plan is used as the foundation for future investigations
required for Schedule C projects.

Approach 3
In this approach the municipality prepares the master plan
document at the conclusion of Phase 4 of the Class EA
process. The master plan covers all requirements of all
individual Schedule B and C projects. The final public notice
for the master plan can also serve as the Notice of Completion
for the Schedule B and C projects detailed in the document.
Depending on the scope of the Class EA Master Plan, this
approach is likely to result in extensive documentation if
numerous individual Schedule C projects are included.
Therefore it is important to take this into consideration when
determining the appropriateness of using this approach. This
approach is generally not followed in the development of an
ESWM-MP.

Approach 4
In some situations there are municipal and/or stakeholder
benefits to the simultaneous development of municipal
planning documents or planning applications within the Class
EA process. This approach is an option when a Planning
Act application and Class EA are both required prior to
development or redevelopment of an area. An example is when
municipal works are necessary to service a new subdivision.
Both applications will require significant environmental
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analysis and avoiding the duplication of effort can save time
and money for all parties.

5.6 Additional requirements upon
competition of an ESWM-MP

Provided the project team
follows the Master Plan
Class EA process, the
proponent is not required
to obtain individual projectspecific approval under the
EA Act.

Depending on the approach chosen for the completion of an
ESWM-MP, the requirements to permit implementation of the
identified individual projects will vary.

When a project team implements an infrastructure project
recommended in an ESWM-MPa, it is necessary to satisfy the
requirements of the applicable EA schedule. Depending on
the scope and level of analysis undertaken in the master plan,
the requirements for Phase 1 and Phase 2 may have been
satisfied at the project-specific level. If the EA requirements
for Phases 1 and 2 are not covered at the project specific
level, additional effort will be required after completion of the
master plan. Section 5.6 provides additional detail.

Approach 1
Uses the ESWM-MP as the foundation for future investigations
required for Schedule B and C projects. Schedule B project
would require the filing of the Project File for public review.
Schedule C must fulfil Phases 3 and 4 prior to filing an
Environmental Study Report (ESR) for public review.

Approach 2
Uses the ESWM-MP as the foundation for future investigations
required for Schedule C projects. Schedule C must fulfil
Phases 3 and 4 prior to filing an ESR for public review.

Approach 3
No additional requirements for Schedule B and C projects.
May proceed directly to implementation.

Approach 4
Requirements vary. Schedule B project would require the filing
of the Project File for public review. If not completed as part of
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the ESWM-MP, Schedule C must fulfil Phases 3 and 4 prior to
filing an ESR for public review.

5.7 Part II orders
Under provisions of the Environmental Assessment Act, there
is an opportunity under the Class EA planning process for
the Minister or delegate to review the status of a project.
Members of the public and review agencies may request the
Minister to require the proponent to comply with Part II of the
Act, before proceeding with a proposed individual project. This
is what is known as a Part II order (previously known as the
“bump-up” provision).

Requests for an order to comply with Part II
of the Act are possible only for those projects
identified in the ESWM-MP which are subject
to the Class EA, and not the master plan itself.
A key benefit to the Municipal Class EA Master Plan approach
is that master plans are not subject to Part II Orders. In fact
only individual projects within a master plan are eligible. This
means that notification of a Part II order only prevents the
specific project from proceeding (until the issues are resolved)
and not the other projects identified within the master plan.
As a result, the project team can achieve efficiency in
implementation.

Grey to Green Enhanced Stormwater Master Planning
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6.0 Define Existing Conditions
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6.1 Defining infrastructure and
environmental conditions within your
study area
Once you have thoroughly defined your study area and have
a general understanding of the problems that the master plan
should address, it is time to define existing conditions. Defining
existing conditions within a study area represents a pivotal
step in preparing an enhanced stormwater management
master plan. An ESWM-MP hinges on describing, discussing,
and analyzing the dual characteristics of these two key
categories:
1.
2.

Infrastructure and asset management
Sustainability and environmental conditions

On one hand, the characterization of infrastructure and asset
management discusses the state of stormwater infrastructure
within a study area, in addition to the details related to
infrastructure management within municipal boundaries.
On the other hand, characterizing the sustainability component
within a study area, and those portions of watersheds outside
of the study area, is concerned with examining the state of
environmental features and functions in order to achieve
environmental goals and objectives.
Within these two categories, characterization and defining
existing conditions comes under eight key tasks:
Figure 6.1.1: The key tasks to be carried out when defining existing conditions can be divided into nine tasks, shown here
(Source: CVC)
Grey to Green Enhanced Stormwater Master Planning
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The level of detail may vary depending on these controlling
factors:
1.
2.
3.

4.
5.

6.
7.

Budget constraints and opportunities
The size of the city of town: small, medium, or large
Nature and history of the stormwater infrastructure
system (e.g. combined, separate or a combination of
both)
Growth strategies and concurrent programs
Policy drivers (e.g. Lake Simcoe Protection Act, 2008)
and specific strategic direction (e.g. Ottawa River
Action Plan) in regard to receiving water health and
integrity issues
Stormwater management impact to water and
wastewater systems
The level of risk deemed acceptable by municipal staff

The following sections will discuss defining
existing conditions based on the dual nature of
an enhanced stormwater management master
plan, with a comprehensive discussion of the
requirements to characterize infrastructure and
sustainability within a study area.

The characterization of both categories is examined in the
light of the overarching objective of an enhanced stormwater
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management master plan to develop policies and strategies
for a municipal stormwater management system.

6.2 Task 1: Background review
Generally, background materials can be policy information
or technical data. In order to properly define the existing
conditions within your study area, it’s important to thoroughly
analyze both types of materials.
Policy information includes federal and provincial acts,
including environmental legislation and legislation governing
the environmental assessment process, that form a framework
to address
environmental and infrastructure issues.
Local policy written by regional governments, municipal
governments and conservation authorities must also be taken
into consideration. This includes by-laws, local stormwater
management policies, zoning information, and official plan
policies.
Background technical studies can provide significant
input for the characterization of infrastructure and asset
management as well as existing environmental conditions.
These studies may include, but are not limited to, hydrologic
and hydraulic models and investigations, hydrogeological
conceptual models and numerical models, watershed studies,
natural heritage assessments, source protection studies, and
floodplain management studies.

In many cases, hydrologic and/or hydraulic modelling might
not to be completed as part of an ESWM-MP because a recent
model with appropriate coverage of the study area is available
courtesy of a previous study. The review of this model may
conclude that it is sufficient to characterize the hydrology of
a study area, or recommend refining and updating the model
to include development areas that were not included in the
original model.

Reviewing
background
studies can pay off – there
can be significant cost
savings if you can use a
model developed from
another study in the area.
Technical direction from previous studies sheds light on
current opportunities and constraints. These studies can
contain details about previously characterized stormwater
infrastructure, drainage issues, flood damage centres, and
areas of concern that have not yet been addressed. In addition
to the collection of infrastructure-focused data and policy,
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project teams can take a similar approach to characterize
environmental conditions, with a focus on using in-stream
targets to set level of service.

When compiling environmental background
information, it may be necessary to examine
studies which fall outside of the physical study
area of the ESWM-MP (e.g., watersheds that
are partially located within the municipality) to
gain an understanding of external opportunities
and constraints. Work with the project team,
in particular the conservation authority(ies)
to ensure that all appropriate environmental
information is compiled and considered during
the planning process.

Official plans and secondary plan studies provide growthrelated knowledge that is critical for delineating existing and
future land uses and related policies. In addition, growth plans
at the provincial level provide an overall context of future
development.
Policy gap analysis might be an important component in
the municipal planning review depending on current policy
framework and how progressive local policy direction is locally
and regionally.
The municipal planning review provides a basis for
implementation consideration when it comes to evaluating the
construction of innovative stormwater management measures
that may have a conflict with current policies and standards.

6.2.1 Review of the municipal planning
process
The review of provincial, regional, and municipal official plans
provides a means to assess planning baseline conditions, and
evaluate existing policies in regard to stormwater management
under land development and redevelopment scenarios.
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Table 6.2.1: Background Data and Relevant Policy Sources
Data Type

Data Source

Use

Municipal Planning Process Data
Official plan and secondary plan boundaries and Regional and municipal planning departments
policies
Municipal Engineering Standards and Criteria
Stormwater management guidelines and policy Municipal and conservation authority technical documents
Stormwater management measure preferences
Rainfall / hydrologic guidance
Design and construction procedures

Discussion with engineering department
Municipal and conservation authority technical documents
Municipal technical documents and by-laws

Operations and maintenance procedures
Environmental Policy Framework Data
Federal policy

Engineering and operations departments

Provincial policy

Local policy

Stormwater management infrastructure
inventories and condition surveys
Level of service studies and policies

Department of Fisheries and Oceans, Environment Canada, Transport Canada
Ministry of the Environment and Climate Change (MOECC), Ministry of Natural
Resources and Forestry (MNRF), Ministry of Agriculture Food and Rural Affairs
(OMAFRA), Ministry of Municipal Affairs and Housing (MMAH), Ministry of Economic
Development, Employment and Infrastructure (MEDEI)
Regional and municipal planning and engineering departments, conservation
authorities
Asset Management Data
Municipal engineering departments
Municipal engineering departments

To define baseline, future development and re-development conditions.

To define level of treatment and quantity requirements and policies required of
development / redevelopment.
To define municipal best management practice preferences.
To define data management and analysis requirements.
To define construction practices especially with respect to erosion and
sediment control.
To define existing operational framework.
To define the environmental policies that must be considered relating to
fisheries, species at risk, and environmental assessment requirements.
To define the environmental policies that must be considered relating to water
quality, drinking water, agricultural drainage, water takings and endangered
species.
To define the environmental policies that must be considered relating to
natural heritage features and natural hazards.
To define age, condition and replacement / rehabilitation forecast for
infrastructure.
To define the existing level of stormwater treatment and flood control and
evaluate where improvement is required.

Environmental Data
Watershed and subwatershed data

Conservation authorities

Monitoring data (water quality, meteorological,
well records, species surveys, etc.)

Conservation authorities, municipal environmental departments, MNRF

Municipal parcel layers, zoning and ownership
Natural areas and corridor mapping

Land Use Data
Municipal geomatics departments
Municipal geomatics departments, conservation authorities, MNRF

Detailed development area mapping

Municipal geomatics departments
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To define important hydrologic and hydraulic functions, as well as ecological
features including fish habitat classifications, cold and warm water habitat,
and critical habitat features.
To define a historical record of environmental conditions.

To define implementation opportunities.
To characterize watershed conditions and identify rehabilitation and retrofit
opportunities.
To define impervious and pervious areas for hydrologic assessment.
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6.2.2 Review of current municipal
engineering standards and criteria
Reviewing municipal engineering standards provides a context
for current municipal stormwater management practices. In
particular, the review would look at these key things:
1.
2.
3.
4.

5.
6.

Stormwater management guidelines and criteria
Stormwater management measures that are proposed
and/or preferred by the municipality
Policy discussions particularly in relation to land
development and redevelopment
Guidance on analysis and data management,
especially in regard to rainfall analysis and urban
hydrology
Design and construction procedures
Operation and maintenance procedures

In cases where engineering standards do not cover these
items, a review of previous studies in addition to discussions
with the municipality/municipal departments would provide
input in regard to current engineering guidelines and practices.

Figure 6.2.1: The Town of Aurora’s master plan identified OPA areas at during the background review phase of the project. This
was done to project the impact of future growth on municipal infrastructure resources and the local environment. See the technical
compendium for more information and examples of background information used in real-world stormwater master planning
applications. (Source: Town of Aurora)
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6.2.3 Review of environmental policy
framework
The environmental policy framework in Ontario is a multi-level
system that includes federal, provincial, regional, and local
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legislative policies and guidelines that target the restoration,
maintenance, and/or the improvement of environmental
features and functions.
With respect to stormwater quantity and quality management,
the policy framework includes, but is not limited to:

Federal level:
1.
2.
3.
4.
5.
6.

Fisheries Act;
Canada Water Act
Canadian Environmental Protection Act
Canadian Environmental Assessment Act
Migratory Convention Birds Act
Species at Risk Act

Provincial level:
Ministry of the Environment and Climate Change (MOECC):
1. The Blue Book
2. Water Resources Act
3. Clean Water Act
4. Environmental Protection Act
5. Water Opportunities Act
6. Safe Drinking Water Act

1.
2.

Drainage Act
Nutrient Management Act

Ministry of Municipal Affairs and Housing (MMAH):
1. Planning Act and the Provincial Policy Statement
2. Municipal Act
3. Oak Ridges Moraine Conservation Act
Ministry of Economic Development, Employment and
Infrastructure (MEDEI)
1. Places to Grow Act

Regional and Local level:
1.
2.
3.
4.
5.

Conservation Authorities Act
Regional source protection policies
Municipal stormwater management policies
Environmental strategic plans
Watercourses and water bodies management plans

Ministry of Natural Resources and Forestry (MNRF):
1. Lakes and Rivers Improvement Act
2. Endangered Species Act

The relevance of any of these policies and/or any
combination of these policies is determined at this stage
of characterization. For example, the Oak Ridges Moraine
Conservation Act calls for the conservation of a ridge that
stretches 160 kilometres from the Trent River in the east
to the Niagara Escarpment in the west, and has a unique
concentration of environmental, geological and hydrological
features that make its ecosystem vital to south-central Ontario.

Ministry of Agriculture, Food, and Rural Affairs (OMAFRA):

The Oak Ridges Conservation Plan provides land use and
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resource management planning direction to provincial
ministers, ministries, and agencies, municipalities, municipal
planning authorities. Accordingly, land use planning within
this area would require special attention to environmental
functions such as surficial geology, natural heritage cover,
and hydrological linkages and functions. In particular, the
availability or lack thereof of the Oak Ridges Moraine feature
within municipal borders would impose certain implications
for opportunities and constraints in regard to identifying
stormwater management opportunities, especially infiltrationbased measures.

Figure 6.2.2: The older development within the central core
of the Town of Aurora does not have end-of-pipe stormwater
management facilities. For municipalities with similar
growth patterns, asset management data will have two
distinct areas. In this figure, the area within the red rectangle
is older and lacks stormwater management facilities.
(Source: Town of Aurora)
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Similarly, considerations in regard to source water protection
under the Clean Water Act would constitute an important
part of the review of environmental policy framework and the
overall characterization effort.

6.2.4 Review asset management data
Asset management data refer to all data pertaining
to stormwater management systems within municipal
boundaries, including:
1.
2.
3.

Asset inventory (e.g. stormwater management ponds,
their design basis and locations),
Levels of service and performance measures
(compared to design basis)
Asset condition summary.

Asset management data may exist in many forms, including:
1.

2.

3.
4.

Existing asset management plans that include
quantities, numbers, types, and construction dates for
stormwater assets.
GIS-based stormwater management components
(including storm sewer networks, manholes, catch
basins, outfalls, stormwater management ponds, and
receiving watercourses).
Stormwater management ponds characteristics
including stage-discharge relationships
Excel and Access-based inventories
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5.

Previous studies including master drainage plans,
stormwater management master plans, and functional
servicing studies.

The asset management data review is essential for defining
the components of the stormwater management system
and assessing the capacity and performance of existing
stormwater management systems and measures. Moreover,
it provides invaluable input to implementation considerations
including lifecycle analyses and funding strategies.

MEDEI’s Building Together:
Guide for Municipal Asset
Management Plans is an
excellent resource for your
municipality for guidance on
asset management planning
For the case of the City of Cambridge Stormwater Master Plan
(amec, 2011), this key data was synthesized for developing
the major/minor drainage model:

Data

Data Provider

GIS database of storm sewers and
manholes

City of Cambridge

GIS database of road classifications

City of Cambridge

Various stormwater management
reports for City-managed and
privately owned and managed
stormwater management facilities

City of Cambridge

Land use plan

City of Cambridge

Sites of historic flooding

City of Cambridge

Locations of publicly-owned
properties

City of Cambridge

1 m contour data

City of Cambridge

Mapping of roads

City of Cambridge

Watercourse mapping

Grand River
Conservation
Authority

HEC-2 and HEC-RAS hydraulic
models

GRCA

Soils mapping

Ministry of
Agriculture

6.2.5 Review environmental data
Characterizing environmental features and functions
demands a comprehensive understanding of forms and
processes interacting within a landscape. Watersheds and
subwatersheds are overarching environmental landscapes
that incorporate numerous features and functions that affect
land-use planning and management strategies, including
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stormwater management strategies and recommendations.

6.2.6 Review land use data

Environmental data pertaining to stormwater management
master plans include, but are not limited to:

ESWM-MPs heavily rely on land use information to
characterize existing conditions and identify opportunities. It
is important to obtain and thoroughly review detailed land use
data for your project areas.

1.
2.
3.
4.
5.
6.
7.
8.

Subwatershed boundaries
Physiography and surficial geology
Groundwater discharge and recharge features and
locations
Wellhead Protection Areas (WHPAs)
Surface water features and water bodies
Monitoring stations including hydrology, water quality,
and meteorological stations
Terrestrial ecology features including wetlands,
forests, woodlots, and stream corridors
Aquatic ecology features including fish habitat
classifications, cold and warm water habitat, and
critical habitat features

Potential sources of environmental data include conservation
authorities, MNRF, MOECC, regional municipalities, and local
municipalities. Data resources need to be recognized and
discussed at the onset of the ESWM-MP and data quality
and compilation date should be part of the characterization
to ensure the validity of information and the suitability of
environmental data to constitute a foundation for further
analyses.

Land use information is used to define characteristics of
catchment areas. Land use data that can be obtained from
municipal geomatics professionals may include, but is not
limited to:

Data sources for an ESWM-MP may include, but are not
limited to:
• Provincial acts, policies and plans

1.
2.
3.
4.
5.

Parcel layer boundaries
Zoning
Property ownership
Natural areas and corridors
Impervious and pervious areas

Throughout the ESWM-MP planning process, land use data
can be used to determine existing hydrologic conditions and
identify opportunities for improvements to the municipal
stormwater management system.

6.3 Task 2: Compiling data and
synthesizing databases
Once the project team has identified and reviewed all relevant
background documents and data sources, it is time to
synthesize the information into one data set. This information
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forms the basis for the work that is part of the ESWM-MP.
Data must be collected and analyzed at levels appropriate to
infrastructure and sustainability features and functions. The
level of detail, age and coverage provided by background data
will play a crucial role in determining the analysis approaches
taken in your study. It is important that sources of information
are not overlooked when compiling data.

• Watershed and subwatershed plans
• Official plans and secondary plans prepared at regional,
county or area municipal level
• Previous stormwater management master plans and
master drainage studies
• Technical studies including:
○○ Hydrologic and hydraulic modeling documentations
and assessments
○○ Flood remediation studies
○○ Functional drainage and servicing studies
○○ Asset management plans
○○ Stormwater management reports
• Source water protection studies including Tier 1, Tier 2,
and Tier 3 studies
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• Stormwater retrofit studies
• Stormwater infrastructure remedial studies
• Pollution control plans
Data will come in different forms, including text-based
documents, photos, computer models, mapping and GIS data.
Use a searchable database to keep information organized and
accessible during the study. Important attributes include:

6.4 Task 3: Preparing GIS-based figures
and attribute tables
The Geographic Information System (GIS) platform is an
effective data management tool that has been designed to
capture, store, manipulate, analyze, manage, and present all
types of geographical data. Geo-referenced files in appropriate
formats can be used to delineate complex features and link
them visually and statistically.

• Data type
• Data source
• Date
• Location of data
• Study area coverage

Perform data quality checks on all assembled
data to understand its quality and any
uncertainty or weaknesses with its use. In many
cases the QA/QC process will involve consulting
the primary data source, such as field sheets
and inspection reports.

With respect to stormwater management planning, the
exercise of data conversion, compilation, topological
structuring and data quality checking represents a significant
up-front set of activities. The benefit, however, is that GIS
representations enable the characterization of baseline
conditions, assessment of impact of new development, and
evaluation of stormwater management scenarios for meeting
the ESWM-MP goals and objectives.

6.4.1 Stormwater infrastructure mapping
Stormwater infrastructure mapping includes presenting
stormwater assets such as inlets, outlets and everything in
between: storm

such as wastewater treatment plan discharges and water
treatment plant intakes, can further your understanding of
existing conditions.

Consistent with Building Together:
Guide

for

Municipal

Asset

Management Plans (MEDEI), green
infrastructure such as natural
areas and wetlands that provide
stormwater management, as well
as LID sites within the municipality,
should be included in mapping.
Data from natural area surveys
may be useful in developing green
infrastructure mapping.

drain inlets, catch basins, manholes, pipes, ditches, channels,
detention and retention
ponds, outfalls, and streams. Mapping other infrastructure,
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Attribute tables are tools within the GIS platform that provides
information related to asset characteristics, including pipe
sizes, invert levels, pond volumes and types, and stormwater
controlled areas information.
Mapping information including maps and attribute tables
presents a significant characterization step towards further
investigations and evaluations of the stormwater management
system.

6.4.2 Environmental mapping
An important factor that differentiates ESWM-MPs from
traditional stormwater management master plans is the equal
emphasis placed on incorporating environmental features and
data into the decision-making process.
Developing figures and tables that use compiled environmental
data to show environmental features and characteristics
is an essential step towards gaining a comprehensive
understanding of environmental and ecological controls within
a study area. Moreover, overlaying a number of interdependent
environmental features sheds light on constraints and
opportunities that may present themselves within the context
of developing stormwater management strategies.
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Figure 6.4.1: This figure shows the storm sewer capacity of trunk sewers within the City of Hamilton. For some municipalities,
design storm sewer capacities will available in a database which can be used to create similar GIS mapping. See the technical
compendium for more information and examples of stormwater infrastructure mapping used in real world stormwater master
planning applications. (Source: City of Hamilton)
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Incorporating this data into GIS alongside the
infrastructure mapping is crucial – it allows you
to more clearly observe trends and relationships
between grey and green in your municipality.

One form of opportunities and constraints mapping is
developing management units mapping. Management units
mapping constitutes multiple GIS-based features, including
municipal and environmental entities. New development
areas and existing development areas can be linked to
environmental features such as groundwater discharge
and recharge areas and WHPAs on one figure, therefore
providing a “roadmap” to oversee where and how stormwater
management strategies (e.g. infiltration-based LID measures)
can or cannot be integrated within the study area. Sensitive
fisheries, such as cold-water or endangered species habitat,
are also useful data points.

6.4.3 Land use mapping
The most efficient way to define land development issues
early in the ESWM-MP process is to develop management
unit areas using GIS mapping. Management units are areas
that share the same development status (i.e. existing, new
development, or redevelopment) in addition to sharing similar
environmental characteristics such as soil type or vegetation
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cover. Land use mapping can also provide details on locations
that are particularly vulnerable to flooding.

available in these formats:
1.

It is important to have a clear understanding of the status
of development within municipal areas. Such information is
needed to develop and/or update a stormwater management
model and to identify recommended stormwater management
measures and retrofit opportunities within your municipality.

6.5 Task 4: Identifying Data Gaps
Once you have compiled the all of the policies, data, and
studies relating to your study area, the next step is to identify
gaps in your data and determine how those gaps will affect
the ESWM-MP.
The presentation of gap analysis should be coordinated with
the municipality and relevant agencies (as appropriate) in
order to define ways to address these gaps within the current
stormwater management master plan.
Ideally, stormwater infrastructure mapping would be based on
GIS-based maps and attribute tables that explain the contents
of these maps and the characteristics of the features included
in them. However, the availability of infrastructure mapping
information might be an issue, particularly for small to
medium-sized municipalities. Specifically, and in many cases,
the full suite of municipal assets might not be available.
Accordingly, infrastructure mapping information may be

2.
3.
4.

Partial GIS-based information covering part of the
settlement area
Geo-referenced CAD drawings
Non-georeferenced CAD drawings
Storm sewer and outfall atlases

Infrastructure data gap analysis may be required in such
cases to evaluate the extent of stormwater management data
coverage and data quality. Field programs to address these
gaps may be required and coordinated with the municipality,
with the level of detail of such an investigation determined
ahead of time.
Environmental data gaps can emerge from the fact that data
sources are numerous, and filling those gaps with new data
might be rendered time-consuming and impractical. This is
expected when the municipality is shared by more than one
conservation authority and/or governmental agency. To avoid
this situation, it is essential to develop an inventory of data
available to your municipality and request the data you require
as early as possible.
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Ideally you could address all data gaps before
developing your ESWM-MP; however, time
and financial resources can limit the effort you
can spend defining the existing conditions of
the study area. When considering which gaps
to address, think back to the initial objectives
of the ESWM-MP – what background data
do you need to meet those objectives? Also
consider the level of detail you require to make
an informed decision. In some cases, you can
rely on assumptions based on good evidence
to make effective decisions. Be sure to consult
your project partners when making these
decisions!
Once you have identified the data gaps you want to address,
field programs (see Section 6.6) can be an effective means of
going out and collecting the missing data.

6.6 Task 5: Field Programs
Field programs are one of the characterization tools that
project teams can use to assess baseline conditions
for environmental and infrastructure systems. Generally
speaking, field programs at the characterization level are
intended to address knowledge gaps related to environmental
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Figure 6.6.1: The City of Mississauga is an expansive area to cover via a field program. To get an indicaion of conditions
on the ground, nine representative areas were chosen for a detailed field program. Within each of the representative areas,
five filed sites were investigated. The field assessment focused on existing drainage conditions, land use characteristics
and stormwater infrastructure. The investigation helped identify the technical feasibility of implementing source
controls. The results of the program were extrapolated to similar areas within the city. See the technical compendium
for more information and examples of field programs used in real-world stormwater master planning applications.
(Source: City of Mississauga)
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and infrastructure management. They can be classified into
four groups:
1.
2.
3.
4.

Field programs to identify grey and green stormwater
infrastructure and drainage issues
Field programs to identify SWM ponds and assess
their performance
Fluvial geomorphology assessments
Field programs to collect flow and water quality data

For municipalities completing an ESWM-MP
with limited resources, consider partnering
on a field program to fill data gaps. Another
municipality or a local conservation authority
may have interest in the same data you need
and it could be possible to share costs.
6.6.1 Field programs to identify grey
stormwater management infrastructure
and drainage issues
The lack of sufficient stormwater asset management
databases and related mapping information in municipalities
often requires project teams to initiate a field program to
identify the components of the stormwater management
system, and subsequently identify drainage issues and refine
the findings of previous studies. In particular, municipalities
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that have dated master drainage studies and related
investigations may require an update to the status of their
asset management database.
Many municipalities in Ontario have combined sewer
systems with combined sewer overflows (CSOs) draining
into watercourses and water bodies within their municipal
boundaries. Separation of sewer systems has been a longterm process undertaken in many locations. A field program
may be required to identify progress of such programs.
You might also require a field program to define drainage
pathways and characteristics for assessing existing
conditions and providing input to hydrologic and hydraulic
models. Hydrologic parameters such as directly connected
imperviousness, major drainage pathways, and hydraulic
parameters such as open channel characteristics can be
verified by assessment in the field.

6.6.2 Field programs to identify green
stormwater management infrastructure
Field programs may be required to verify the existence and
performance of green infrastructure. Studies may already have
been completed for green infrastructure components such as
natural areas, but may require verification or update through
field programs. For example, the City of Mississauga has
completed a Natural Areas Survey which details the condition

of the City’s natural areas, which could be considered part of
the City’s green infrastructure.
If LID already comprises a portion of your municipality’s green
infrastructure, you might need to undertake condition and
performance assessments during this step. The level of effort
at this stage will depend on available resources, and may
include, but is not limited to:
• Infiltration tests
• Shallow groundwater measurements
• Water quality sampling
• Flow monitoring
• Visual observations

6.6.3 Field programs to identify stormwater
management ponds and assess their
performance
The overarching objective of stormwater management pond
field programs is to develop an understanding in regard to
several aspects related to these ponds that could not be
covered by desktop analysis or were not self-evident.
Desktop analysis including reviewing background documents,
compiling data, and developing maps (Sections 6.2, 6.3, 6.4)
might not be sufficient to have concise conclusions concerning
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the functionality of stormwater management ponds within
a study area. Therefore, field programs represent a great
opportunity to advance the understanding of the performance
of these facilities as part of the overall infrastructure system.
While desktop analysis provides a preliminary input about
stormwater management pond numbers and rough locations,
a field program would offer a tangible evidence of many
aspects related to ponds and their functionality.
Under this category, the level of detail varies among stormwater
management master plans. Differences in the level of detail
can be grouped under these two pond assessment categories
(similar to the process used by the City of Hamilton Stormwater
Master Plan):
1.
2.

Basic-level field assessments
Enhanced-level field assessments

Basic-level field assessments are intended to provide and/or
verify information concerning basic stormwater management
ponds’ features and functions. They are generally undertaken
when existing background information are well documented.

• Outlet structure condition
• Pond layout and connection with surrounding
infrastructure
• Presence or absence of vegetation communities or
mature trees
• Presence or absence of utilities
Basic-level field assessments provide information that
describes existing conditions without assessing the
functionality of stormwater management ponds and their
storage-discharge relationships. Therefore, this level of
assessment is not intended to provide information as a
“functional evaluation” or a “remediation assessment.”
Enhanced-level field assessments are intended to investigate
the functionality of stormwater management ponds and
provide a comprehensive assessment. They are generally
undertaken where existing information is sparse, or where
field inspections show clear differences between design
drawings and as-built drawings.

• Topographic and bathymetric surveys, including
detailed survey of inverts and sizing of existing
structures, existing municipal infrastructure and
measurements of all accessible structures, pipe sizes,
invert and obverts.
• Sediment sampling and analysis
In addition to availability of background information (or lack
thereof), the choice between performing basic-level and
enhanced-level field assessments can be related to the
following items:
• Goals and objectives of the study
• Study budget and the availability of fund to carry out
detailed pond assessments
• Background knowledge and information concerning
existing infrastructure

These assessments may include but not limited to the
following:

These assessments may include:
• Number, location, type and design basis of existing ponds
• Pond location within the stream corridor: on-line or
off-line
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• Condition surveys consisting of of a site
reconnaissance and photo log for each facility in order
to define issues related to inlet and outlet structures,
embankments, structural deficiencies, vegetation issues,
nuisance issues, and graffiti as well as issues related
to access
Grey to Green Enhanced Stormwater Master Planning

6.6.4 Fluvial geomorphology assessments
This field program involves selecting and assessing channel
segments within the study area. Each chosen site should have
a representative range of the conditions identified within the
study area. These conditions may include size, stream order,
surrounding age of development, and controlling geology.
Preliminary desktop analysis is important prior to initiating the
fluvial geomorphology program. The purpose of the desktop
analysis is to generate an overview of existing conditions
based on previous studies, discussions with the municipality,
and any stream erosion databases that the municipality has
on file.

CVC has published Fluvial Geomorphic
Guidelines, technical guidance on conducting
fluvial geomorphology assessments.
Visit creditvalleyca.ca

Figure 6.6.2: This figure shows the location of municipal stormwater management facilities in the City of Mississauga. These
facilities can be classified as Water Quality Facilities, Water Quantity Facilities, or facilities that provide both Water Quality and
Water Quantity control. During the initial phases of the Mississauga Stormwater Quality Control Strategy Update 58 existing
facilities were identified. Of these, 16 provided both water quality and quantity control, 15 provided only water quality control and
27 provided water quantity control. See the technical compendium for more information and examples of field programs used in
real world stormwater master planning applications. (Source: City of Mississauga)
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There are several methods for conducting fluvial
geomorphology assessments. Three common approaches
that can be used within the context of an ESWM-MP are,
Rapid Geomorphic Assessments (RGAs)30, Rapid Stream
Assessment Technique (RSAT)31, and/or field walks to collect
data to characterize the current geomorphic state of the
watercourse and identify existing erosion conditions.
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As a follow-up study to the 2007 City of Hamilton Stormwater
Master Plan, a Watercourse Erosion Assessment Strategy was
completed in 2011. The focus of this study was to identify
erosion sites, evaluate risk to public health and safety and
environment, identify alternatives for restoration, and provide
estimates of associated costs. This study was carried out
under the Municipal Class Environmental Assessment
Planning and Design Process.
The primary goals of the strategy were:
• To identify priority erosion restoration sites along
Hamilton’s watercourses which may pose a risk to public
health and safety and environment, and to develop a
restoration plan to address the erosion sites.
• To provide a guide for the capital budget program.
The secondary goals of the strategy were:
• To gain insight into the controls and modifying influences
within Hamilton watercourses.

Figure 6.6.3: This figure identifies priority erosion sites identified in the City of Hamilton Watercourse Erosion Assessment
Strategy. During the field reconnaissance, erosion sites that appeared to be in proximity to any structures or private property were
identified on field mapping. These sites were assigned an identifying number which would facilitate subsequent erosion priority
ranking. Significant erosion sites that did not appear to be in proximity to structures or property were also documented to record
occurrence. These sites were not assigned an identifying number as they would not be included in the erosion restoration ranking
procedure to determine priority sites for restoration. Additional information on fluvial geomorphic assessment including field sheets
are provided in the technical compendium. (Source: City of Hamilton)
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• To develop a long-term plan for restoring the river in
a cost-effective manner (considering both capital and
maintenance costs).
• To develop an approach for selecting, screening, and
recommending alternatives to stabilize and/or restore
watercourses.
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• To develop an implementation plan which costs,
categorizes, and prioritizes the preferred rehabilitation
alternatives.

6.6.5 Field programs to collect flow and
water quality data
Collecting stream flow data is generally needed for hydrologic
model calibration and validation in situations where available
monitoring data is sparse or of poor quality. In addition, spot
flow measurements during the summer may offer an input
towards determining base flow input to streams during the
low flow season. Base flow measurements can subsequently
be used as part of water balance assessments.
Surface water quality data under wet and dry weather
conditions are generally used to characterize pollutant loading
and concentrations in receiving streams, and are also linked
to non-point source pollutions within different land uses.
Observed water quality data can also be used to calibrate
water quality models in order to improve the predictive power
of a modeling platform.
Real-time monitoring of surface water flows and water quality
can provide more accurate estimates of pollutant loading,
particularly during wet weather events.
Project teams should determine the location and duration of
the monitoring program at the onset of the ESWM-MP project,
and discussed with the municipality based on its experience
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with the study area and relevant studies that have previously
implemented monitoring programs.
For further guidance on conducting field programs to collect
flow and water quality data, please refer to the following
guidance documents, available at bealeader.ca:
• Elm Drive monitoring report
• CVC monitoring guide

6.7 Task 6: Desktop and GIS assessment
At this stage, it is important to have a clear understanding of
the status of development within municipal areas, including
the status of servicing studies and functional drainage
studies. Such information is needed for the development and/
or the update of the stormwater management model and for
identifying recommended stormwater management measures
for areas in the preliminary stage of development application.
The most efficient way to define land development issues
early in the ESWM-MP process is to develop management
unit areas using GIS mapping. Management units are areas
that share the same development status (i.e. existing, new
development, or redevelopment) in addition to sharing similar
environmental characteristics such as soil type or vegetation
cover. These areas would be helpful in the water balance
modelling when grouping of similar soils and vegetation cover
is important to determine infiltration targets, as noted in the

Stormwater Management Design Manual (MOE, 2003).
Existing desktop tools which may be useful during this stage
include risk assessment tools for infrastructure, such as the
Municipal Risk Assessment Tool (MRAT) developed by the
Insurance Board of Canada, and the Public Infrastructure
Engineering Vulnerability Committee (PIEVC) tool developed by
Engineers Canada. These tools can be used to characterize the
study area in terms of risk to infrastructure under existing and
future scenarios, including drivers such as climate change.

Don’t forget: it is important
to consider risk assessment
as part of the enhanced
master planning process,
even at this stage.
For small and medium municipalities especially, a formalized
risk framework may not exist when an ESWM-MP begins. It
is important to develop a risk framework prior to beginning a
risk assessment to ensure risk quantification is comparative
across departments.
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6.8 Task 7: Identifying
communicating issues

and

6.7.1 Defining stormwater infrastructure
issues

Once you have compiled the data and completed the field
programs, the next task is to form an overall understanding of
the infrastructure and environmental system. In particular the
project team should identify issues and concerns highlighted
through the data.

When characterizing stormwater infrastructure within
municipal boundaries, project teams should address these
key items:

This step includes an overall understanding of issues and
concerns based on previous reviews and field work. In addition,
it includes communicating these issues among stakeholders.
Common issues and concerns within the context of preparing
an ESWM-MP include:
1.
2.
3.

Stormwater infrastructure system issues including
capacity and performance issues and concerns
Environmental issues related to the state of water
quantity and quality in receiving streams
Land development issues including new development,
redevelopment, and stormwater management retrofits
within existing development

Communicating major existing conditions issues help the
municipality to provide clear input in next steps within the
ESWM-MP process including predictive modelling and
calibration and evaluation criteria for alternative solutions
as part of the EA process, specifically Phase 1: Problem/
Opportunity.
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Type of stormwater infrastructure system: Combined,
separate, or a mix of combined and separate
Data availability: Numerical and graphic databases that
would describe the drainage system and its components
Nature of issue: Common issues are related to capacity,
conveyance, and storage or to environmental sustainability at
the receiving stream
Climate-based issues: Identifying if anticipated future
climate trends would have significant impacts on infrastructure
capacity and performance

The City of Mississauga has experienced
overland and basement flooding issues over
the past few decades, particularly in older
neighbourhoods which were developed prior
to stormwater management measures. Recent
experience with more intense precipitation
events have further stressed sewer systems
and overland drainage routes in these areas.

6.7.2 Defining environmental issues
Within the ESWM-MP, environmental issues are initially
identified as described and discussed within environmental
planning studies, such as subwatershed plans, and technical
studies, such as the three-tier-based water budget studies.
Based on the background review (including data management
and mapping), these issues become more tangible and
focused since they are specific to a settlement area that
constitutes only a small part of original background studies.
When characterizing stormwater infrastructure within
municipal boundaries, project teams should address these
key items:
• Availability of monitoring data, including water quality,
streamflow and meteorological stations to help to identify
the need to find other data sources or the possibility to
calibrate and validate stormwater management models
• Aquatic habitat classifications, including critical and
marginal habitat features and warm and cold-habitats
• Stream erosion issues
• WHPAs
• Estimates of future climate change impacts to
stormwater
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The Cooksville Creek Watershed is located in
Mississauga, and mostly encompasses older
neighbourhoods built prior to stormwater
management measures. The Cooksville Creek
Flood Evaluation Study Report identifies stream
erosion as a major issue impacting stormwater
management.

6.9 Task 8: Stormwater management
modelling and analyses
Stormwater modelling is a valuable tool that can help you
understand how your infrastructure currently performs, how
it affects and interacts with the environment, and how the
performance of each can vary based on factors like climate
change, population growth, and changing levels of service.
The modelling approach should not be finalized until the
project team has reviewed all the available data and the
project partners have discussed the overall method. Data and
partner feedback will ensure that the model is as robust as
possible.
Models are useful tools that can help you understand your
system and the issues it faces. They also provide insight for
addressing these issues (as part of the later stages in the
ESWM-MP process). Project teams can use models to:
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• Understand the key stormwater features and drainage
patterns (using available mapping information and
records of critical hydraulic structures such as
watercourse culverts)

• MIKE-URBAN

• Provide calculations of the stormwater runoff for the
study area from various rainfall events (i.e., the 1-in100-year storm)

The selection of the most appropriate model to analyze the
stormwater management system primarily depends on the
objectives of the study. The selection criteria depend on many
factors, including:

• Determine any existing constraints within the sewer
networks which may impact proposed mitigation options
• Investigate and understand the causes and
consequences of flooding in the study area, such as
sanitary sewer backup or high water table
• Determine water quality impacts, such as pollutant buildup, transport, and loading
• Predict water balance impacts through the ability to
integrate long term climate data into rainfall-runoff
analyses and determining minimum: requirements for
surface runoff, infiltration, and evapotranspiration.

6.9.1 Model selection
Generally, infrastructure and environmental features can be
modelled using an urban-based model that includes water
quality and water balance modelling capabilities. These
models include (Table 6.9.1):

• SWMHYMO and derivatives: Visual OTTHYMO, STORMS
• InfoWorks

• Budget constraints
• Level of detail of the study and key issues and concerns
• Dominant land uses and hydrologic processes within the
study area
• Availability of baseline models describing the hydrology
and hydraulics of the infrastructure system
• Availability of monitoring data for calibration and
validation
• Availability of historic climate data
The selection of a hydrologic/hydraulic model that could
investigate infrastructure capacity as well as environmental
parameters and targets depends on the comprehensiveness
of the modelling platform and the complexity of the simulated
environmental features and processes. To be considered for

• EPA SWMM and derivatives: PCSWMM, XPSWMM, and
InfoSWMM
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environmental analysis, a hydrologic/hydraulic model should
have at least these key features:
• Water quality modelling capabilities including pollutant
buildup, transport, and loading
• Water balance modelling capabilities including the
ability to integrate long-term climate data into rainfallrunoff analyses a
nd subsequently provide
an output summary for at least these hydrological
cycle components: surface runoff, infiltration, and
evapotranspiration
• Hydrologic and hydraulic parameters necessary to model
channel processes: channel roughness, shape, multiple
routing methods, and losses
• Ability to model long-term climate record

2.

The environmental component deals with
environmental analysis pertaining to water quality and
water balance considerations.

6.9.2 Infrastructure system capacity and
performance analysis
Characterizing stormwater infrastructure systems should
follow a process that includes key infrastructure elements
that affect overall performance. Moreover, the study of climate
data is vital to assess the effect of climate trends and climate
change impacts on the stormwater management system.
There are two common stormwater infrastructure systems
that may demand specific attention to various mechanistic
and systemic details: separate sewer systems and combined
sewer systems.

In many cases, numerical models such as these ones
would not be necessary for analyzing stormwater systems.
Particularly, for water quality and water balance estimates,
using simple methods at the planning stage can be sufficient
to estimate pollutant loadings and infiltration/surface runoff
proportions within a new development area.

In Ontario, many municipalities (e.g. City of Guelph) have
separate sewer systems and others (e.g. City of Niagara
Falls) have a mix of separate and combined sewer systems.
Processes to characterize both systems are explained in the
following sections.

Similar to ESWM-MPs, stormwater management modelling
includes two key components:

Characterization of separate sewer systems

1.

The infrastructure component deals with stormwater
infrastructure capacity and performance during a
variety of precipitation events.
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Separate sewer systems are generally comprised of major
and minor drainage systems.

The minor drainage system is a network of municipal storm
pipes (excluding service laterals and catch basin leads) that
is designed and constructed to convey frequent storm events
(i.e. the five-year return storm event in most cases).
The major drainage system is designed to convey stormwater
runoff from less frequent storms (extreme events) when the
capacity of the minor storm drainage system is exceeded.
This system generally consists of open channels, rivers and
streams, roadways, and detention/retention ponds.
These key tasks will help define capacity and performance
issues in separate sewer systems:
• Complete an overview of existing stormwater
management measures within the City and the historical
implementation of these measures.
• Complete a rainfall and climate trend analysis.
• Complete a preliminary assessment of the major/minor
drainage system using background information and
available data.
• Identify the drainage network including sewershed
delineation or refining/updating available sewershed
data.
• Define the dual drainage system including overland flow
within right-of-way and inlet capacity functions.
Once these tasks are completed, you can choose a modelling

Grey to Green Enhanced Stormwater Master Planning

platform. Table 6.9.1 identifies and compares some
modelling options. Once you have chosen a platform, the next
step is to to develop a drainage system model. These key
tasks are required:

Table 6.9.1: Comparison among commonly used stormwater management models
LID and
Water
Water
BMP
quality
balance
measures modeling modeling

Model

GIS
Rainfall-runoff
interface analysis

Pipe
Flow

Overland
flow

EPA SWMM

No

Single event and long
term (continuous)

Yes

1-D

SWM ponds and
hydraulic controls

Yes

Yes

Yes

PCSWMM

Yes

Single event and long
term (continuous)

Yes

1-D and
2-D

SWM ponds and
hydraulic controls

Yes

Yes

Yes

XPSWMM

Yes

Single event and long
term (continuous)

Yes

1-D and
2-D

SWM ponds and
hydraulic controls

Yes

Yes

Yes

• Define hydraulic parameters.

MIKE
URBAN

Yes

Single event and long
term (continuous)

Yes

1-D and
2-D

SWM ponds and
hydraulic controls

No

Yes

No

• Develop dual drainage system.

SWMHYMO

No

Single event and long
term (continuous)

Yes

1-D

SWM ponds and
basic routing

No

No

No

• Complete hydrologic and hydraulic analysis.

Visual
OTTHYMO

No

Single event and long
term (continuous)

Yes

1-D

SWM ponds and
basic routing

No

No

No

QualHYMO

No

Single event and long
term (continuous)

Yes (site
plan)

Yes (site
plan)

SWM ponds and
basic routing

Yes

Yes

Yes

InfoWorks

Yes

Single event and long
term (continuous)

Yes

Yes

SWM ponds and
hydraulic controls

No

Yes

No

• Complete data synthesis and management
• Gather stormwater management pond stage-discharge
relations and background information.
• Define hydrologic parameters.

• Calibrate and validate the model.
Upon completion of these tasks, project teams can use the
model to assess the major and minor drainage system. For
more useful analysis, consider identifying drainage network
deficiencies under existing and future conditions, and also
take climate change trends into consideration.

Figure 6.9.2.1: Tools to analyze stormwater management
systems. (Source: Aquafor Beech)
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The assessment of major/minor drainage systems could be
facilitated separately and as follows:
Minor drainage assessment: An assessment of the minor
drainage system (i.e. trunk sewers) for 5-year or the 10-year
flows (as appropriate), in addition to the 100-year flow to
provide an idea of how the system will perform under extreme
storm events. The findings should be documented as they
relate to potential surcharges, locations of surcharges, and

Control

flooding within the municipal boundaries.
For the City of Hamilton’s 2007 Master Plan, minor drainage
assessment was undertaken using DHI’s MOUSE simulation
package. One of the objectives of the modelling exercises was
to define the relative level of service for each of approximately
4,000 storm trunk sewer segments. For the purpose of the
study, the level of service was defined as the return period
storm (e.g. 5-year, 10-year) for which the sewer capacity
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curb and gutter system should be analyzed using the water
depth within the right of way as a measure of flooding
susceptibility.
A similar approach to stormwater infrastructure capacity
assessment was noted as part of the City of Guelph Stormwater
Management Master Plan (SWM-MP) (amec, 2012), which
assessed the minor and major drainage systems for five
drainage areas covering the City with several sewer networks
constituting each drainage area. With respect to the minor
drainage system, percentages of surcharge and flooding were
quantified for the City’s minor drainage system. For the major
system, the City of Guelph’s SWM-MP quantified three ranges
of overland flooding within the City’s right of way namely <
0.15 m, 0.15-0.25, and >0.25 m.
The SWM-MP used PCSWMM as a modelling platform.
PCSWMM is an urban-based hydrological model suited for the
assessment of major/major systems and the characterization
of hydrologic and hydraulic processes.
Figure 6.9.2: This model graphic from the City of Hamilton study illustrates surcharging (water level exceeds the obvert of the
pipe) in a majority of the storm sewer segments in the lower part of the sewer system. Note how there is still additional capacity
in the three upstream sewer segments. (Source: City of Hamilton)
equals or exceeds the peak flow for the given return period
storm. Determination of the level of service is a useful tool for
identifying when (i.e. for what return period storm) problems
associated with surcharging of the storm sewer system may
occur.
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Major drainage assessment: An assessment of the
overland flow within right of ways, storage facilities, and
open channel systems should be performed under the 100year storm event to evaluate the risk of flooding to private
properties under extreme storm events. The capacity of the

In many cases, integrating the ponds into the major system
model demands information regarding the stage-discharge
relationships from previous reports (Section 6.3). Otherwise,
when a recent hydrologic model provides a modelling scenario
that includes stormwater management ponds, only location
and general design basis and types are needed.
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to the Green Cities, Great Lakes: The Green Infrastructure
Report (ecojustice, 2009), there are at least 89 municipalities
in Ontario with combined sewer systems.
Separating stormwater from wastewater is one common
management approach to mitigate the impacts of combined
sewer overflows on the public and the environment.
Accordingly, many cities in Ontario (including the City of
Ottawa and the City of Niagara Falls) have a mix of combined
and separate sewer systems due to a history of stormwater
management system upgrades and improvements.

Figure 6.9.3: Performance of minor drainage system.
(Source: City of Guelph Stormwater Management Master Plan)

Characterization of mixed (combined and separate)
sewer systems
Combined sewer systems convey sanitary sewage and
stormwater in the same pipes. When the capacity of these
pipes is exceeded, overflows occur into rivers and streams
and cause backups into residential basements. According
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Characterizing combined sewer systems and mixed systems
requires a process that is different than the process used
to characterize separate sewer systems for a few reasons,
including issues related to combined sewer systems, such as
basement flooding and water quality degradation. Moreover,
mixed sewer systems are more vulnerable to drainage issues
than separate systems due to problems identifying the source
of surcharge and flooding within the complex infrastructure.

• Identify sewer overflow sites.
• Complete GIS-based analysis based on available shape
files and images that can be used to delineate combined
and separate systems.
• Define drainage issues.
• Define gaps in data and background information and
conducting consultation among stakeholders to address
these gaps.
• Conduct field work to investigate drainage pathways and
historical flooding issues and locations.
• Review existing hydrologic/hydraulic models including
wet weather and dry weather flow and water quality
characteristics.

Any characterization of a combined sewer system or a mixed
sewer system should include these key tasks:
• Complete a background review related to historical
stormwater management within the municipal
boundaries.
• Manage data including the acquisition and synthesis of
all data related to combined sewer systems and separate
sewer systems.

Figure 6.9.4: A schematic of combined sewer systems under
dry and wet weather operation. (Source: Adapted from the City
of Winnipeg)
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• Refine and update drainage issues.
• Refine/update existing hydrologic/hydraulic models or
initiate a new model with available data as appropriate.

6.9.3 Environmental analysis
In addition to modelling the capacity and performance of
stormwater infrastructure, the ESWM-MP should provide a
predictive tool that addresses environmental functions, and
how these functions act or react under existing conditions,
land development, and redevelopment. In particular, grey
and green stormwater infrastructure modelling should be
combined with the impact of surface runoff on receiving
streams and water bodies.

As part of a watershed plan, a
model of your municipality’s
watersheds may already be
complete and available.
Accordingly, modelling the environmental system within
municipal boundaries may include evaluating these
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stormwater-related parameters for receiving streams and
water bodies:

measures and the selection of a preferred alternative and
approach.

• Surface runoff volume and flow rate increase, including
the effect of development on stream erosion thresholds
and flooding susceptibility

The Black Creek Subwatershed is located within the Credit
Valley within Halton Region, and includes the Town of Halton
Hills. Municipal groundwater supply in this area has the
potential to reduce base flows in surface water systems in the
future. Black Creek is a headwater stream of the Credit River,
and reductions in base flow within the creek could impact
assimilative capacity and fisheries downstream.

• Pollutant concentrations and loadings including total
phosphorus, total suspended solids, heavy metals, and
E.coli
• Water balance parameters and the impact of
development on constituents of the hydrological cycle
(i.e. surface runoff, infiltration, evapotranspiration, and
surface storage)
• Surface water-groundwater interaction, including base
flow input to streams during low flow periods and the
impact of development on groundwater recharge and
discharge
• Aquatic habitat parameters and the impact of
development on important habitat parameters including
velocity, water depth, and erosion and deposition of
sediment.
The predictive modelling of existing environmental conditions
and the impact of urbanization on these conditions
would provide necessary information for articulating key
environmental indicators and targets (Chapter 7). Identified
environmental targets are subsequently integrated in the
evaluation criteria for proposed stormwater management

Environmental analysis (and generally not infrastructure
capacity analysis) uses these hydrologic and hydraulic tools:
• Continuous hydrologic modelling for identifying stream
erosion thresholds over a long run, including a range of
storm events with varied durations and frequencies
• Continuous hydrologic modelling to generate annual
water balance statements, including surface runoff,
infiltration, and evapotranspiration over a year
• Water quality analysis using Excel spreadsheets to
estimate annual pollutant loading using the Simple
Method (Schueler, 1987)
• Water quality analysis for rural landscapes including nonpoint source pollution from agricultural lands
With respect to water quality analysis, characteristics of nonpoint source pollution runoff from various land uses can be
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investigated using event mean concentrations (EMCs). EMCs
were developed by the United States Environmental Protection
Agency’s Nationwide Urban Runoff Program (NURP) (1983) to
serve as a national measure of the magnitude of urban runoff,
specifically pollutant loadings. Accordingly, the NURP EMCs
database or any other EMC database specific to the region
or site of concern can be used in conjunction with modest
amount of information concerning the hydrology of a site in
order to estimate pollutant loadings.

stormwater master plans within five years. These projects entail
a long list of characterization requirements with special focus
on the watershed context and how environmental processes
within subwatersheds covering municipal boundaries affect
the natural and urban makeup of each municipality.
LSPP-based stormwater management master plans include
three categories of modelling assignments, namely:

1.
2.
3.

Water quantity modelling, including flooding and
erosion modelling
Water quality modelling, including primarily
phosphorus loading estimates
Water balance modelling, including primarily
identifying infiltration deficits resulting from urban
development and the change in natural landscape.

The Simple Method (Schueler, 1987) is one of the common
techniques to estimate annual pollutants loads using
EMCs, drainage areas, impervious cover, and annual
precipitation. Pollutant loads are generally estimated for
different land use scenarios (e.g. commercial, residential)
or to compare between pre-developed and post-developed
conditions for a certain site. Lastly, the Simple Method provides
a general planning estimate of likely storm pollutant export
from areas at the scale of a development site, catchment
or subwatershed. The LSRCA Comprehensive Stormwater
Management Master Plan Guidelines notes that beyond an
area of 750 ha, more rigorous modeling may be needed to
analyze larger and more complex drainages.
The Lake Simcoe Protection Plan (LSPP)-based projects
provide examples of stormwater management master plans
that are concerned with the health of receiving streams and
water bodies. According to the Lake Simcoe Protection Plan
(LSPP), which was issued in 2009, municipalities within
the Lake Simcoe watershed must complete comprehensive
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Figure 6.9.5: This model graphic from the City of Hamilton study illustrates surcharging (water level exceeds the obvert of the
pipe) in a majority of the storm sewer segments in the lower part of the sewer system. Note how there is still additional capacity
in the three upstream sewer segments. (Source: City of Hamilton)
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Another example of a simple approach to water quality
modelling is the spreadsheet analysis undertaken for the
City of Hamilton’s Stormwater Management Master Plan. To
characterize pollutant loads from rural and urban land uses
within the study area and also to provide a relative comparison
of the effect of applying different Best Management Practices
to these lands, the project team developed a simple mass
balance spreadsheet model.

Model results also form a key part of this information
benchmark, which is then used during the following stages
of the ESWM-MP.

The model was based on estimating dry and wet weather
runoff from different land use and soil characteristics in the
watershed and was discretized into up to 30 subcatchment
areas. The model required inputs on percent land use,
percent soil type, runoff coefficients for different land use /
soil types, EMCs of different contaminants of interest, and
total runoff for permeable versus impermeable surfaces. In
addition, inputs for dry weather flows (quality and quantity),
point source discharges (e.g. sewage treatment plants)
(quality and quantity) and groundwater discharge (quality and
quantity) could be added. The model outputs included mean
concentration, total loading for each subcatchment, as well as
cumulative loadings and concentrations for selected locations.

Once you have assessed and summarized
your data, it is important to consult with
project partners to communicate the findings
of the background review and any issues or
concerns. This ensures that project partners
clearly understand and agree with the existing
conditions and will provide support for future
steps in the ESWM-MP development process.

Be sure to consult with
project partners!

6.10 Task 9: Summarizing Findings
The last phase of defining existing conditions is to state the
key findings, gaps, and issues to provide an information
benchmark for subsequent chapters in the ESWM-MP in
relation to key conclusions from the characterization effort.
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7.0

Define Infrastructure and Environmental Goals, Objectives, and Targets
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7.0 Step 4 – Define and infrastructure
and environmental goals, objectives,
and targets
After you have established the existing conditions of your
study area through the review of background information
and field work, it is time to establish goals, objectives,
and targets. An ESWM-MP will have goals, objectives, and
targets relating to both municipal infrastructure and the
environment. In future steps, the project team will develop
solutions that integrate asset management (infrastructure)
and sustainability (environmental); however, at this stage of
the study, it is important to consider infrastructure and the
environment separately to establish impactful and achievable
goals, objectives, and targets.
This chapter outlines the process of defining goals, objectives,
and targets. A comprehensive approach begins with
significant background data and budget. If you don’t have
these resources, the project team should scope a simplified
approach. Take time to form a thorough understanding of the
water management priorities in your municipality and scope
your master plan to achieve the associated goals, objectives,
and targets.

7.1 Sustainability
Environmental goals
Environmental goals are generally associated with the
conservation or restoration of natural features and processes
within the study area and downstream. It is likely that general
environmental goals were established at the initiation of
your study. It is important to reassess these goals now that
your project team has a better understanding of background
conditions. Ask yourself whether the environmental goals:
• Reflect the priorities of residents within your municipality;
• Reflect environmental priorities established by council, as
well as provincial and federal requirements; and
• Reflect issues established during the definition of existing
conditions (Step 3).
Meeting and/or workshops may be necessary to develop
comprehensive goals that meet both community and political
priorities. Consider seeking input from these groups:
• Community members

While this chapter provides some examples of goals,
objectives, and targets, you are encouraged to review the
technical compendium for further information.

• Councillors
• Municipal department leaders

Typically the input from these groups is brought to a technical
committee that develops ESWM-MP goals and objectives.
The technical committee should consist of municipal staff and
staff from your local conservation authority.
The following example of an environmental goal is from the
Credit River Management Strategy Update.

“The goal of the Credit River
Water Management Strategy
Update was to develop a
management strategy for
the watershed to ensure
safe, abundant, clean water
for environmentally, socially,
economically
healthy
communities within the
Credit River watershed.”

• Local environmental groups
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Background studies completed prior to the development of your
ESWM-MP can play a large role in establishing environmental
goals. These studies should have been thoroughly reviewed
during Step 3 – Define Existing Conditions.
This goal established for the Credit River Management
Strategy Update was developed after review and integration
of several existing studies, including the:
• Water Quantity Management Study
• Water Budget Study

should be considered it is not essential that an objective be
established specifically relating to each issue.
An integrated approach may include objectives that have the
potential to solve multiple issues. There may be some overlap
between environmental objectives. The achievement of one
objective may result in the partial achievement of another. One
strategy in developing environmental objectives is breaking
the identified environmental issues into categories. The Credit
River Water Management Strategy Update identified four
environmental objective categories. The objectives for this
study are listed here in the corresponding categories.

• Flow Management Study
• Natural Heritage Studies
• Fisheries Management Plan
• Greenlands Securement Strategy

Environmental objectives
Environmental objectives are more specific than goals.
They describe how an environmental goal can be achieved.
Objectives often relate to specific technical principles.
Objectives can be specific to geographical areas within your
municipality or can be municipality-wide.
Each issue that was identified during the development
of background conditions should be considered when
establishing ESWM-MP objectives. Though each issue
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Water Quality
1. Maintain or enhance water and sediment quality to
achieve ecological integrity.
2. Protect drinking water sources.
3. Protect groundwater quality to support watershed
functions.
4. Reduce toxins through pollution prevention.
5. Improve water quality in rivers and Lake Ontario for
body contact recreation.
6. Improve water aesthetics including odour, turbidity,
and clarity.
Water Quantity
7. Preserve and re-establish the natural hydrologic cycle.
8. Maintain, enhance or restore natural stream processes
to achieve a balance of flow and sediment transport.
9. Manage stream flow to reduce erosion impacts on
habitats and property.

10. Minimize risk to human life and property due to
flooding.
11. Maintain groundwater levels and base flows
(groundwater discharge to streams) to sustain
watershed functions, human uses, and climatological
change.
Natural Areas and Wildlife
12. Protect, restore or enhance the integrity the integrity
of the watershed ecosystem, through an integrated
approach of natural areas, habitats, and connecting
links.
13. Protect, restore, or enhance native terrestrial and
animal species, community diversity, and productivity.
Ecosystem Values
14. Demonstrate and promote awareness of the linkages
between healthy water, healthy lifestyle, and the
economic viability or rural and urban land uses.
15. Promote the wise use of surface and ground waters
having regard to both human and ecological needs.
16. Promote the need for environmental stewardship and
better understanding of the importance of natural
features and functions of the Credit River Watershed.
17. Promote integrated resource management of the
aquatic and terrestrial system and areas within the
watershed for plant, animal and human use.
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You will notice that these environmental objectives are
descriptive but do not provide quantitative indicators or
measurable parameters necessary to evaluate watershed
health. Objectives rarely require updating since standards
and monitoring technology evolve. Instead, targets relating
to objectives are updated to meet industry standards and
provide additional details or data efficiencies.

Indicators or measurable parameters?
An indicator is a piece of information that describes the
current condition of the ecosystem or one of its components.
Examples of indicators include temperature, total suspended
solids, E. coli, aquatic community abundance, instream
erosion potential, and forest and wetland cover.
Measureable parameters are study specific data obtained
from field programs. They are used to gain quantitative
or qualitative information over the course of a monitoring
program. Measureable parameters allow progress to be
measured with respect to key indicators. Examples of
measureable parameters include midsummer maximum
temperature, sample geometric mean E. coli count, biomass/
density of fish, cumulative excess stream power (erosion
potential), and percent of watershed covered by wetland and
forest.
To establish environmental targets for your ESWM-MP, the
project team should select a number of indicators for each
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environmental objective. Measureable parameters are then
typically selected based on provincial technical guidance and
existing monitoring programs, as well as available resources.
For example, using an automated sampler to collect EMCs
for various water quality parameters may be too expensive.
Instead, grab samples taken on a regular basis may be
sufficient based on watershed-specific needs.

Measurable parameters should:
• Individually result in meaningful information
about the watershed.
• Collectively provide enough information to
assess watershed health.
• Be available, retrievable and cost-effective
to collect.
• Be able to track changing environmental
trends over time.
Environmental targets
Targets are specific aims associated with measureable
parameters. Targets are needed to evaluate the success of
alternatives in achieving the objectives. Targets can range
from short-term to long-term depending on required level of
effort and the response rate of the environment.

Developing targets
The first task in developing environmental targets is to analyze
each objective and determine if there are indicators that can
be used to understand existing and environmental conditions.
Measurable parameters associated with these indicators are
used to gauge progress as the ESWM-MP recommendations
are implemented. Most environmental objectives are
comprehensive in scope and may require several indicators to
address all aspects. For example, an environmental objective
might be to improve water quality in local lakes and rivers.
Several water quality indicators, including temperature,
dissolved oxygen, nutrients, bacteria, and trace contaminants,
may be necessary to properly analyze water quality conditions.

ESWM-MPs will have several
environmental objectives.
Targets will be required
for each environmental
objective.
Before developing environmental targets, project teams
should establish baseline environmental conditions. During
Step 3 – Define Existing Conditions, the indictors that have
been used to track watershed health for previous studies are
identified. These records are used to identify historic trends,
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establish causes of environmental degradation and establish
baseline conditions for the ESWM-MP.
If the study area is lacking in monitoring data, baseline
conditions are typically assessed via limited field programs.
Though long-term data is preferable, limited field programs
established in parallel with ESWM-MPs can provide valuable
data for assessing many short, medium and long-term
objectives. A possible starting point is to use Provincial Water
Quality Objectives (PWQO) where monitoring data is lacking.
The Credit River Water Management Strategy Update used
the PWQO to develop targets, but such targets can be hard
to implement.

Environmental
targets
should be consistent with
in-stream and watershed
targets
identified
in
any existing watershed
plans developed for your
municipality.
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Figures 7.1.1 through 7.1.4 illustrate some examples of environmental objectives, indicators, measurable parameters, and targets. Each environmental
objective stated in an ESWM-MP can result in several targets. The values presented as targets in Figures 7.11 through 7.14 are from the Credit River Water
Management Strategy Update and are provided for example only.

Figure 7.1.1: Protecting, restoring, or enhancing natural areas, habitats and connecting links is an environmental objective that may be identified in an ESWM-MP. This environmental objective
requires the tracking of forest cover, wetland cover, large habitat units, interior forest/core habitat, and riparian cover. The measureable parameters listed here are predominately tracked by GIS tools
and in field reconnaissance. Targets set for these parameters should be based on watershed specific conditions (Source: CVC)
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Figure 7.1.2: The protection of drinking water sources is an
objective that may be identified in an ESWM-MP. The presence
of E. coli and the concentration of chloride in groundwater are
both indicators of groundwater health. Consult the Canadian
Drinking Water Quality Guidelines and Ontario Drinking Water
Quality Standards when identifying appropriate measurable
parameters and setting targets. (Source: CVC)

Figure 7.1.3: Preserving or establishing the natural hydrologic
cycle is an objective that may be identified in an ESWM-MP.
Watershed peakiness is a good indicator of the degree of
impact development has had on the hydrologic cycle of a
watershed. Two measurable parameters are the ratio of 1:25year flow to base flow and the ratio of bankful flow to base
flow. Watershed-specific targets should be set for each of
these parameters. The ratio of existing flows to historic flows
for various return period events is another indicator that can
be used for gauging hydrologic response compared to natural
conditions; again targets should be set on a watershed or
subwatershed basis. (Source: CVC)
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Figure 7.1.4: Maintaining or enhancing water
quality for the ecological integrity of a watershed
or subwatershed is an objective that may be
identified in an ESWM-MP. There are several
indicators of good water quality. Depending on
the ecological needs of the watershed, land
uses, and background conditions a watershedspecific monitoring plan should be developed.
Consult the Provincial Water Quality Objectives
when determining water quality measurable
parameters and targets (Source: CVC)
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7.2 Asset management

located within the City under present conditions
and as land use changes occur in the future.”

Infrastructure goals
The infrastructure goal of the plan is:
Infrastructure goals are generally associated with
maintenance, rehabilitation, expansion, and replacement of
municipal stormwater management infrastructure, and should
relate to both grey and green infrastructure. ESWM-MPs may
also look at additional municipal infrastructure that have a
significant impact on or are reliant on local water resources.
As such, the scope of infrastructure goals may extend beyond
municipal stormwater management infrastructure and include
both wastewater and potable water. Infrastructure goals may
also relate directly to the level of service provided by the
municipality to public users of municipal infrastructure such
as sanitary and storm sewers.
The City of Hamilton’s Stormwater Master Plan, completed
in 2007 following the Class EA process, is a good example
of a master plan that defined separate environmental and
infrastructural goals. The environmental goal stated in the
plan is:

“To develop and implement appropriate
strategies in order to protect, enhance and
restore the natural resources of the watersheds
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“To develop management guidelines for the
maintenance / replacement of the City’s existing
separated storm sewer systems and for design
of proposed systems.”
An alternative is to state a single goal that generally address
both environmental and infrastructure issues. An example is
the City of Toronto’s Wet Weather Flow Master Plan. The goal
stated in the plan is:

“To reduce and ultimately eliminate the adverse
impacts of wet weather flow on the built and
natural environment in a timely and sustainable
manner and to achieve a measurable
improvement in ecosystem health of the
watersheds.”

Infrastructure objectives
Infrastructure objectives describe how infrastructure goals
can be achieved. Examples from Toronto’s Wet Weather Flow
Management Master Plan include:
Sanitary Sewage Discharge
1. Eliminate discharges of sanitary sewage including those
associated with combined sewer overflows, separated
sewer overflows, treatment plant by-passes, illegal
cross-connections, and spills.
Basement Flooding
2. Manage wet weather flow to reduce basement flooding
and other adverse impacts.
Infiltration and Inflow
3. Reduce sanitary sewer infiltration and inflows to City
design standards.
Flooding
4. Eliminate or minimize threats to life and property from
flooding.
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Many ESWM-MPs also contain financial objectives that relate
the management of municipal stormwater infrastructure.
Examples:
Maintenance
1. Develop long-term maintenance programs for municipal
stormwater management infrastructure and allocate
required budget.
Funding Sources
2. Investigate stormwater funding alternatives and develop
long-term strategy for funding stormwater services.

Infrastructure targets
Infrastructure targets are specific aims associated with
municipal stormwater management, sanitary, or water
infrastructure. Infrastructural targets help municipalities
assess the level of service they are providing residents. When
developing infrastructure targets, it is important to consider
the long-term implications of action or inaction on municipal
infrastructure.

Infrastructure targets should be defined by
measurable parameters that are available,
retrievable and cost-effective to collect, and
based on watershed targets.
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Examples of infrastructural targets identified in the City of
Toronto Wet Weather Flow Management Master Plan are
provided:
CSO/SSO Overflows
1. Beach areas: No violations of PWQO targets for E. coli
during 95% of swimming season (no more than two
overflows treated per season).
2. Non-beach areas: Capture and treat 90% of CSO volume
from April to November (MOE Regulation F-5-5).
Illegal Cross-Connections
3. Complete elimination of cross-connections on a
sewershed basis.
Dry Weather Flow
4. Medium-term: Dry weather discharge quality becomes
equivalent to the top 25% of dry weather discharges
observed in the MOE Dry Weather Outfall Study. 50%
reduction in loading.
5. Long-term: Dry weather discharge quality improves to
the lower limit of the mean determined in the MOE Dry
Weather Outfall Study. 90 reduction in loading.

across the study area (clusters and individual properties)
- virtually eliminate all occurrences.
Inflow and Infiltration
9. Short-term: Maintain existing levels of inflow and
infiltration (no increase).
10. Medium-term: Limit extraneous flow to 150 liters per
capita per day at treatment plant.
11. Long-term: Limit extraneous flow to 90 liters per capita
per day at treatment plant.
Note that some targets are split into short-term, mediumterm, and long-term aims. This is a realistic approach when
addressing problems that area widespread and/or require
significant budget expenditures to address in a holistic
manner.
Figures 7.2.1 and 7.2.2 illustrate examples of infrastructure
objectives, indicators, measurable parameters, and targets.
When setting infrastructure goals, objectives and targets,
take into consideration sewershed-specific constraints
and opportunities, such as age of infrastructure, planned
expansion, and planned replacements.

Basement Flooding
6. Short-term: No increase to the extent or severity of
basement flooding.
7. Medium-term: Reduce or eliminate basement flooding in
cluster areas. Achieve a 50% reduction in occurrence.
8. Long-term: Reduce or eliminate basement flooding
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Figure 7.2.1: Basement flooding is a common issue in municipalities across Ontario.
Flooding incidents reported to the municipality should be tracked in a database along
with any information on the storm events that caused flooding. Parameters that can
measure infrastructural improvements include the threshold for flooding and the number
of occurrences. When using the number of occurrences as a measurable parameter,
it is important to compare similar storm events or long monitoring periods. Targets
associated with the mitigation of flooding are often phased by sewershed starting with
clusters of properties experiencing flooding and progressing to individual properties.
(Source: CVC)
Figure 7.2.2: This infrastructure goal is broad enough to encompass several indicators
including combined sewer overflows, treatment plant overflows, illegal cross-connections,
and dry discharges to storm sewers. The measurable parameters presented in this example
are direct measurables. Indirect measurables can also be monitored. These include E. coli
levels and beach closures. Within an ESWM-MP study area targets will differ depending on
local conditions. Combined sewer overflows, illegal cross-connections, and dry discharges
to storm sewers are issues that affect specific sewersheds. Each sewershed can have
specific monitoring programs and targets. (Source: CVC)
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7.3 Integrating goals, objectives and
targets
Infrastructure and environmental goals, objectives, and targets
are presented separately in the previous sections; however, in
reality they must be considered in conjunction.

Infrastructure and environmental goals,
objectives, and targets may, in some cases, be
at odds with each other. You can identify these
situations by considering all goals, objectives
and targets together when they are being set.

An alternative to stating separate environmental and
infrastructure goals, objectives, and targets is to integrate
them to the greatest extent possible.

7.4 Using a multi-level targeting
approach

For instance, a single goal that generally addresses both
environmental and infrastructure issues can be developed.
An example is the City of Toronto’s Wet Weather Flow Master
Plan. The goal stated in the Master Plan is:

Environmental and infrastructure targets require sustained
effort and funding. Seting multiple levels of targets allows
municipalities to gauge the required cost and effort and set
realistic and achievable targets in an iterative process.

“To reduce and ultimately eliminate the adverse
impacts of wet weather flow on the built and natural
environment in a timely and sustainable manner
and to achieve a measurable improvement
in ecosystem health of the watersheds.”

Setting targets is an iterative process and these
targets must contribute to a level of service
that is achievable. In many municipalities, it will
not be feasible to set general targets for the
entire study area. Instead, prioritize based on
municipal needs, cost, timing, level of service,
risk assessment, effort, and efficiency of money
allocation.

The opposite can also be true. For example, an infrastructure
objective to improve the level of service provided by the
storm sewer system may be in conflict with an environmental
objective to reduce peak flows to receiving streams. It is likely
to find synergies between multiple goals, objectives, and
targets.
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The City of Toronto’s Wet Weather Flow
Management Master Plan uses a comprehensive

set of goals, objectives, and targets. This targetsetting process has been used as the basis
for several other watershed-based studies in
Ontario.
During the development of the City of Toronto’s Wet Weather
Flow Management Strategy, municipal staff and project
partners felt that it was important to develop targets to
describe several different and progressively more challenging
states of ecosystem health and stormwater level of service.
These targets would serve as benchmarks against which to
evaluate alternative management strategies.
The City used these three levels for environmental targets. A
similar approach was taken for infrastructure targets. See the
technical compendium for more details on environmental and
infrastructure targets established for the City of Toronto.
1.

Status Quo: To achieve these targets existing conditions
must be maintained. In many cases expenditures
may be required to maintain status quo as a result of
intensification and land use changes. The achievement
of these targets is often relatively straightforward using
conventional capital works, implementing existing
policies and operations and maintenance programs. The
maintenance of existing conditions can be used as a
short-term target while programs that require additional
effort and funding are implemented.
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It should be noted for some subwatersheds management
areas within your study area, existing conditions may be
better than moderate enhancement.
2.

Moderate Enhancement: These targets represent
improved conditions within the study area. Moderate
enhancements can be used as stepping stones towards
long-term significant enhancements. Specific moderate
enhancement targets included but were not limited to:
a.
b.
c.

d.

Swimming beaches met Provincial Water Quality
Objectives 50% of the time;
Elimination of 50% of the basement flooding
occurrences;
Higher baseflows and lower /prolonged wet
weather flows when compared to existing
conditions; and
Improved natural areas and wildlife conditions
including improved fish community.
The achievement of moderate enhancements was
found to be fairly difficult in the City of Toronto’s
Wet Weather Flow Management Master Plan
because significant funds for capital works in the
areas which were traditionally lower priority in
the City’s capital works program were required.
Meeting these targets would also require
significant changes to policies and programs
and an increase in funding for operations and
maintenance budgets.
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3.

Significant Enhancement: For the City of Toronto’s Wet
Weather Flow Management, significant enhancement
was defined as meeting Provincial Water Quality
Objectives and other regulatory guidelines. Specific
significant enhancement targets included, but were not
limited to:
a.

b.

c.
d.
e.

to demonstrate the benefits of such an aggressive strategy in
the short-term.

Nutrient and contaminant levels meet Provincial
Water Quality Objectives and toxins are generally
undetectable;
Dry weather flows and runoff response close to
historic conditions, resulting in stable stream
conditions;
Fish community objectives in the Management
Plan of the TRCA and MNRF are achieved;
Basement flooding is virtually eliminated; and
A 50% reduction in the infiltration of groundwater
into sanitary sewers.

Achieving the significant enhancements in the City of Toronto’s
Wet Weather Flow Management Master Plan was found to
be extremely difficult. In addition to the reasons identified for
moderate enhancements, this was because the achievement
of some targets would depend on technological advancements
or implementation of what was considered emerging
technologies. Additionally, the time-frames for achieving
significant enhancements were found to be extremely long,
often in the order of several decades. This makes it difficult
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8.0 Step 5 – Develop a long list of
options
After you have established the goals, objectives, and targets
for your project area during Step 4, it is time to develop a
long list of options. This section provides a comprehensive list
of stormwater management solutions that can be considered
during the development of an ESWM-MP. For this section the
options have been broken down into 12 categories based on
area of implementation. The categories are:
• Residential Lands Source Control Alternatives
• Residential Lands Remedial Measures
• Business and Multi-Residential Source Control
Alternatives
• Public Lands Source Control Alternatives
• Road ROW Conveyance Alternatives
• End-of-Pipe Alternatives
• Restoration Measures
• Pollution Prevention Measures
• Agricultural Best Management Practices

As a result of the scalable nature of LID practices, there is
overlap between categories. For example, bioswales can
be integrated into municipal road ROWs but can also be
established along the perimeter of public lands sites or on
business and multi-residential sites.

Use this chapter to identify water management
options to consider when implementing
an ESWM-MP.
Not all stormwater management alternatives will address all
of the goals, objectives and targets that were identified during
Step 4. Some alternatives such as pollution prevention and
proprietary stormwater treatment devices are only used to
improve water quality while others alternatives such as storm
sewer upgrades primarily provide flood control benefits. When
developing a long list of alternatives, do not overanalyze the
benefits of each alternative. These alternatives will be further
evaluated during Step 6. Table 8.1.1 through Table 8.12.1
present five broad categories of benefits. Each option listed is
identified as providing a primary benefit, secondary benefit, or
not providing the benefit at all.

• Management and Operational Measures

These alternatives are capable of significantly reducing
runoff rates, runoff volumes or detaining peak flows during
precipitation events. Some alternatives are capable of doing
so when implemented at the site level while others are
feasible solutions when implemented on a subwatershed or
sewershed scale.

Water Balance
These alternatives encourage natural hydrologic processes
such as evapotranspiration and infiltration. They reduce the
volume of runoff produced by urban development. Alternatives
that mimic the natural hydrologic regime can directly mitigate
flooding by reducing runoff volumes. A healthy water balance
also mitigates in-stream erosion and contributes to healthy
watercourses by promoting natural baseflow and temperature
profiles.

Water Use
These alternatives reduce the use of potable water on nonpotable uses, thereby alleviating demands on the municipal
water system and source.

Sanitary Sewer & CSO

• Policy and Education

Water Quality

• Combined or Sanitary Sewage System Remediation
Measures

These alternatives result in the mitigation of pollution loading
to the natural environment through settlement, filtration or
prevention. Improved water quality has a direct impact on the
health of aquatic ecosystems. Water quality is also essential
for continued supply of municipal sources of drinking water.
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Flood Control

These alternatives mitigate watershed issues by targeting
problems associated with the sanitary sewage system. Issues
can include surcharging, inflow and infiltration, as well as
combined sewer overflows.
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8.1 Residential lands source control options
Residential lands source controls are physical measures that are implemented at the residential lot level to reduce runoff generation and pollutant loadings to the municipal drainage system.
Residential lands source controls can be implemented during the construction of a neighbourhood but are more frequently implemented through retrofits undertaken by home owners. CVC’s Grey to
Green Residential Retrofits Guide provides municipalities with a step-by-step process on how to develop a sustainable plan for community uptake of LID stormwater management practices on private
residential properties.

Table 8.1.1: Residential lands source control options.
Residential Lands
Description
Source Control Options

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Rainwater Harvesting

Rainwater harvesting is the practice of intercepting and storing rainwater for future use.
Residential rainwater harvesting alternatives include rain barrels and cisterns.

S

S

x

P

x

Soakaways and Infiltration
Trenches

Soakaways are generally stone-filled pits that store water and promote infiltration. The shape
and size of these facilities can vary significantly based on site conditions. Linear soakaways
are referred to as infiltration trenches.

S

P

P

x

S

Rain Gardens

Bioretention practices, also known as rain gardens, consist of plantings, mulch, soil media,
and a gravel storage area. Their size and aesthetics are easily adaptable to residential
properties.

P

S

P

x

S

Pervious concrete, porous asphalt, and permeable interlocking concrete pavers allow
stormwater to drain from a hard surface such as a driveway, to an underlying stone reservoir
where they store water as it infiltrates to the native soils underneath.

P

P

P

x

S

Fusion Landscaping®

This innovative landscaping approach combines the lush splendour of traditional gardens with
modern, eco-friendly plants that help reduce runoff from residential properties.

S

S

P

x

S

Tree Clusters

Tree clusters intercept rainfall and allow the processes of evapotranspiration (ET) and
infiltration to reduce stormwater runoff.

S

S

P

x

S

Xeriscaping

Xeriscaping refers to landscaping, plantings and gardening practices that reduce or eliminate
the need for irrigation or supplemental water after establishment.

x

x

S

P

x

Permeable Pavement
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Figure 8.1.1: Driveways and roofs
are impervious surfaces that should
be targeted for volume reductions.
Driveway retrofits can provide an
aesthetic appeal by incorporating
colours and textures to a parking
area. (Source: Aquafor Beech)

Figure 8.1.2: Source controls can
be implemented on residential lots
of all sizes. Here signage identifies
the benefits of a rain garden between
two houses. Signage can be installed
to provide insight on the benefits of
LID and provide follow-up information
for those residents interested in
installing on their properties. (Source:
Aquafor Beech)

8.2 Residential lands remedial measures
As part of an ESWM-MP, municipalities can target specific sewersheds and neighbourhoods with remedial measures to reduce localized flooding, sewer surcharging as well as prevent excess inflow
and infiltration to sanitary sewers. These remedial measures can be implemented in conjunction with residential lands source controls to provide additional benefit where conditions allow.

Table 8.2.1: Residential lands remedial measures
Residential Lands
Remedial Measures

Description

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Backflow Prevention with or
without Sump Pump

Backwater valves are installed downstream of all sanitary fixtures but upstream of the
foundation drain if it is connected to the sanitary sewer. If installed and operating appropriately
these devices prevent surcharges from the sanitary sewer on an individual lot level.

x

P

x

x

P

Sump Pump for Foundation
Drains

In neighbourhoods where foundations drains discharge directly to a municipal sewer, a sump
pump can be installed and discharged to a lawn area.

S

P

x

x

P

Downspout Disconnection

Downspout disconnection is the redirection of roof downspouts to pervious areas. On
residential properties this can include lawns and gardens.

S

P

x

x

P
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8.3 Business and multi-residential source control optionslternatives
Business and multi-residential source control alternatives are stormwater measures that can generally be implemented on sites that are categorized by large parking lot areas and vast building areas
such as condos and apartments, office buildings, commercial sites, post-secondary campuses, institutional residential sites (e.g. retirement homes and long-term care homes), and light industrial
sites. The suitability of the individual alternatives listed in Table 8.3.1 will vary depending on site conditions and uses. Consult CVC’s Grey to Green Business and Multi-Residential Retrofit Guide for
a step-by-step process on how to retrofit business and multi-residential sites with the source control options listed in Table 8.3.1.

Table 8.3.1: Business and Multi-Residential Source Control Alternatives
Business and MultiResidential Source
Control Options
Rainwater Harvesting

Green Roofs

Soakaways and Infiltration
Chambers

Bioretention
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Rainwater harvesting is the practice of intercepting and storing rainwater for future use. On
business and multi-residential sites rooftop areas are ideal catchment areas for relatively
clean stormwater.

S

S

x

P

x

Green roofs on business and multi-residential sites often consist of a thin layer of growing
media installed on top of a conventional roof. The vegetation planted is selected based on
climate conditions, desired aesthetics, and maintenance considerations.

S

S

P

x

S

Soakaways are generally stone-filled trenches or pits that store water and promote infiltration.
Roof runoff is an ideal target for soakaways, though other hard surfaces can also be directed
to soakaways after pre-treatment. Infiltration chambers are prefabricated modular structures
installed over a granular base. They provide stormwater storage and structural support for site
features such as parking lots located above. These LID practices typically have open bottoms
and perforated plastic walls to promote infiltration to native soils below.

S

P

P

x

S

Bioretention practices consist of plantings, mulch, soil media, and a gravel storage area. Their
size and aesthetics are easily adaptable to business and multi-residential sites. Bioretention
areas can be established in green spaces around parking lots or in landscaped areas.

P

S

P

x

S

Description
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Business and MultiResidential Source
Control Options

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Bioswales are bioretention facilities that have been designed with a slope for stormwater
conveyance. They are designed to infiltrate water and only convey water during significant
rainfall events.

P

S

P

x

S

Pervious concrete, porous asphalt, and permeable interlocking concrete pavers allow
stormwater to drain from a hard surface such as a driveway, to an underlying stone reservoir
where they store water as it infiltrates to the native soils underneath. Permeable pavement
can be used on parking lots and pedestrian areas.

P

P

P

x

S

Perforated pipe systems are linear infiltration practices comprised of perforated pipes installed
in gently sloping granular stone beds that are lined with geotextile fabric. These systems
promote infiltration and can be used for onsite conveyance of stormwater.

S

S

P

x

S

Soil Amendments

Soil amendments are generally organic materials added to the native soil to provide nutrients
for plants, control soil pH, and allow for greater interaction between runoff and soils

S

x

P

x

S

Tree Clusters

Tree clusters intercept rainfall and allow the processes of evapotranspiration (ET) and
infiltration to reduce stormwater runoff.

S

S

P

x

S

Xeriscaping

Xeriscaping refers to landscaping, plantings and gardening practices that reduce or eliminate
the need for irrigation or supplemental water after establishment.

x

x

S

P

x

No-mow Zones

No-mow zones are areas of turf where mowing and other lawn maintenance activities do not
occur on a frequent basis. These areas create healthy soils increase infiltration and better
support plant life, in turn supporting pollinators and bird population.

Micro-grading

Micro-grading focuses on grading small parcels of land to optimize temporary runoff detention
and infiltration on open spaces and landscape areas.

x

S

P

x

S

Bioswales

Permeable Pavement

Perforated Pipe Systems

Description
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Business and MultiResidential Source
Control Options

Description

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Precast Tree Planters

Precast tree planters are prefabricated enclosures that contain trees or shrubs, bioretention
soil media, and a perforated pipe underdrain outlet.

P

x

x

x

x

Soil Support Systems

Soil support systems allow for lightly compacted soils to be maintained in heavily urbanized
areas by providing structural support for paved surfaces without the need for a compacted soil
base. Soil support systems consist of modular frames (or cells) that provide structural support.

P

S

P

S

S

There are a variety of products available that are designed for phosphorus removal. These
reactive media products are typically used in infiltration galleries where phosphorus loading is
a threat to receiving waters.

P

x

x

x

x

Proprietary stormwater treatment devices cover a broad range of technologies and processes
that are used to treat stormwater. These include but are not limited to hydrodynamic
separators, precast tree planters, wet vaults, and media filters.

P

x

x

x

x

Phosphorus Removal Media

Proprietary Stormwater
Treatment Devices

Figure 8.3.1: Landscaped areas
between buildings and parking lots
are ideal areas to target for retrofits
of industrial, commercial and
institutional sites. These areas can
be modified with LID practices that
accept runoff from roofs and parking
lot areas. (Source: Aquafor Beech)
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Figure 8.3.2: Parking lots generate
significant runoff volume and are
responsible for pollutant loading on
business and multi-residential sites.
These areas should be targeted
during retrofits. Here a parking lot
median has been retrofit with a
bioswale. (Source: Aquafor Beech)

Grey to Green Enhanced Stormwater Master Planning

8.4 Public lands source control options
Public lands sites such as parks and community centers are ideal implementation areas for source controls. Since public lands are already owned by the municipality, land acquisition by the
municipality is not required. These sites also make for great demonstration projects due to high public interaction. Public lands also have fewer site constraints than road ROWs making them ideal
starting points for municipalities to familiarize themselves with LID stormwater practices. Source controls established on public lands can be designed to capture runoff from external catchments
such as roadways and adjacent properties. Consult CVC’s Grey to Green Public Lands Retrofit Guide for a step-by-step process on how to retrofit public with the source control alternatives listed
in Table 8.4.1.

Table 8.4.1: Public lands source control options
Public Lands Source
Control Options
Rainwater Harvesting

Green Roofs

Soakaways and Infiltration
Chambers

Bioretention

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Rainwater harvesting is the practice of intercepting and storing rainwater for future use. Roofs
are ideal catchments for the collection of relatively clean water. Water can be used for indoor
or outdoor non-potable use.

S

S

x

P

x

Green roofs on public lands sites often consist of a thin layer of growing media installed on
top of a conventional flat roof. The vegetation planted is selected based on climate conditions,
desired aesthetics, and maintenance considerations.

S

S

P

x

S

Soakaways are generally stone-filled trenches or pits that store water and promote infiltration.
Roof runoff is an ideal target for soakaways, though other hard surfaces can also be directed
to soakaways after pre-treatment. Infiltration chambers are prefabricated modular structures
installed over a granular base. They provide stormwater storage and structural support for site
features such as parking lots located above. These LID practices typically have open bottoms
and perforated plastic walls to promote infiltration to native soils below.

S

S

P

x

S

Bioretention practices consist of plantings, mulch, soil media and a gravel storage area.
Their size and aesthetics are easily adaptable to public lands sites. They provide a grade like
aesthetic and are easily integrated into most municipal maintenance programs.

P

S

P

x

S

Description
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Public Lands Source
Control Options

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Bioswales are bioretention facilities that have been designed with a slope for stormwater
conveyance. They are designed to infiltrate water and only convey water during significant
rainfall events.

P

S

P

x

S

The focus of naturalization efforts is to reintroduce natural features that provide hydrologic
benefits. Establishing native vegetation that requires little maintenance is likely a cheaper
option than continued mowing of these areas.

S

x

P

P

S

Pervious concrete, porous asphalt and permeable interlocking concrete pavers allow
stormwater to drain from a hard surface such as a parking lot, to an underlying stone
reservoir where they store water as it infiltrates to the native soils underneath.

P

P

P

x

S

Perforated pipe systems are linear infiltration practices comprised of perforated pipes installed
in gently sloping granular stone beds that are lined with geotextile fabric. These systems
promote infiltration and can be used for onsite conveyance of stormwater.

S

S

P

x

S

Tree Clusters

Tree clusters intercept rainfall and allow the processes of evapotranspiration (ET) and
infiltration to reduce stormwater runoff.

S

S

P

x

S

Xeriscaping

Xeriscaping refers to landscaping, plantings, and gardening practices that reduce or eliminate
the need for irrigation or supplemental water after establishment.

x

x

S

P

x

No-mow Zones

No-mow zones are areas of turf where mowing and other lawn maintenance activities do not
occur on a frequent basis. These areas create healthy soils increase infiltration and better
support plant life, in turn supporting pollinators and bird population.

Micro-grading

Micro-grading focuses on grading small parcels of land to optimize temporary runoff detention
and infiltration on open spaces and landscape areas.

x

S

P

x

S

Precast Tree Planters

Precast tree planters are prefabricated enclosures that contain trees or shrubs, bioretention
soil media, and a perforated pipe underdrain outlet.

P

x

x

x

x

Soil Support Systems

Soil support systems allow for lightly compacted soils to be maintained in heavily urbanized
areas by providing structural support for paved surfaces without the need for a compacted soil
base. Soil support systems consist of modular frames (or cells) that provide structural support.

P

S

P

S

S

Bioswales

Naturalization

Permeable Pavement

Perforated Pipe Systems
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Description
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Public Lands Source
Control Options

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

There are a variety of products available that are designed for phosphorus removal. These
reactive media products are typically used in infiltration galleries where phosphorus loading is
a threat to receiving waters.

P

x

x

x

x

Soil Amendments

Soil amendments are generally organic materials added to the native soil to provide nutrients
for plants, control soil pH, and allow for greater interaction between runoff and soils

S

x

P

x

S

Proprietary Stormwater
Treatment Devices

Proprietary stormwater treatment devices cover a broad range of technologies and processes
that are used to treat stormwater. These include but are not limited to hydrodynamic
separators, precast tree planters, wet vaults, and media filters.

P

x

x

x

x

Phosphorus Removal Media

Description

Figure 8.4.1: Most hard surfaces
in park spaces can be retrofit
with permeable pavement. This
basketball court has been designed
with pervious concrete to allow for
subsurface temporary storage and
infiltration. (Source: Aquafor Beech)
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Figure 8.4.2: Highly aesthetic
source control alternatives such as
bioswales and bioretention facilities
require many of the same operations
and maintenance procedures as
conventional gardens and can easily
be incorporated into existing parks
programs. (Source: Aquafor Beech)
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8.5 Road ROW conveyance options
Conveyance controls are located in flow networks where stormwater is concentrated including ditches and pipe networks along the road ROW. Conveyance alternatives include both source controls
and conventional alternatives to address water quality and water quantity issues. Consult CVC’s Grey to Green Road Retrofit Guide for a step-by-step process on how to retrofit ROWs with the LID
practices listed in Table 8.5.1.

Table 8.5.1: Conveyance alternatives

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Bioretention practices consist of plantings, mulch, soil media, and a gravel storage area. They
can be implemented in boulevard areas, traffic medians, bump-outs, and roundabouts. They
are typically designed to receive water from the road and have a bypass or overflow which
prevents excess ponding during intense rainfall events. Bioretention practices that can be
implemented along road ROWs include bioretention planters, bioretention curb extensions,
and boulevard bioretention units.

P

S

P

x

S

Bioswales are bioretention facilities that have been designed with a slope for stormwater
conveyance. They are designed to infiltrate water and convey water only during significant
rainfall events. Due to their linear design they are well suited for use along existing ditches or
boulevard areas.

P

S

P

x

S

Perforated pipe systems are linear infiltration practices comprised a perforated pipes installed
in gently sloping granular stone beds that are lined with geotextile fabric. These systems
promote infiltration and can be used in place of conventional storm sewers.

S

S

P

x

S

Pervious concrete, porous asphalt, and permeable interlocking concrete pavers allow
stormwater to an underlying stone reservoir where they store water as it infiltrates to the
native soils. Permeable pavement is idea for low-traffic and parking areas.

P

P

P

x

S

Conveyance Options

Description

Bioretention

Bioswales

Perforated Pipe Systems

Permeable Pavement
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P = Primary Benefit S = Secondary Benefit x = No Benefit
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Enhanced grass swales are channels lined with grass and designed to promote shallow, lowvelocity flow conditions. Optional check dams and vegetation allow sedimentation, filtration
through the root zone and soil, evapotranspiration, and infiltration into the underlying native
soil.

P

x

S

x

S

Storm sewer upgrades are conventional alternatives for stormwater issues. Upgrades
include rehabilitation, replacement, upgraded conveyance capacity, storage alternatives and
diversions.

x

P

x

x

x

Conveyance Options

Description

Enhanced Grass Swales

Storm Sewer Upgrades

Figure 8.5.1: Extending curbs to
create “bump-out” bioretention
facilities in underutilized parking
areas is a common method of
retrofitting municipal roads to reduce
the volume of runoff and pollutant
loading to receiving water bodies.
(Source: Aquafor Beech)
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Figure 8.5.2: The retrofit of residential
streets in Ontario with bioswales and
perforated pipe systems has been
extremely successful in reducing
runoff volumes during all rainfall
events. (Source: Aquafor Beech)
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8.6 End-of-Pipe options
End-of-pipe options are the most commonly applied stormwater management alternative implemented by municipalities. To implement these options, you will require large parcels of land downstream
from a conveyance system. Conventional end-of-pipe facilities can be designed to reduce pollutant loading to receiving watercourses and/or to mitigate peak flows from causing excessive flooding
and erosion downstream. Infiltration facilities located at the end-of-pipe can also reduce the volume of runoff to more closely mimic the hydrologic response of an undeveloped catchment area.

Table 8.6.1: End-of-pipe options

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Wet ponds are the most common form of end-of-pipe stormwater management facilities
and the practices employed during most urban development. They are designed to promote
settlement of suspended solids and provide mitigation of erosion and flooding by reducing
peak flow rates.

P

P

x

x

x

Wetlands

Wetlands constructed at the end of a conveyance system are used for water quality
enhancement. They mimic the aesthetic and water quality benefits of natural wetlands.

P

x

x

x

x

Hybrid Facilities

Hybrid facilities include wet ponds and wetland components to maximize water quality
enhancement while still providing water quantity control.

P

P

x

x

x

Dry Ponds

Dry ponds are depressions that temporarily detain stormwater during rainfall events but are
dry during inter-event periods. These facilities were commonly implemented for erosion and
flood control purposes prior to the wide-spread use of wet ponds. Retrofits of these facilities
are alternatives for water quality enhancements.

x

P

x

x

x

Infiltration practices such as infiltration chambers and infiltration basins can be implemented
as end-of-pipe facilities to provide water quality enhancement, runoff volume reduction, and
groundwater recharge.

P

P

P

x

x

Subsurface storage facilities can take the form of tanks or superspies and are used to detain
stormwater or combined sewer overflows for flood control purposes.

S

P

x

x

P

End-of-Pipe Options

Description

Wet Ponds

Infiltration Facilities

Subsurface Storage
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Figure 8.6.1: An ESWM-MP should
identify opportunities to retrofit
existing facilities. For example, dry
facilities designed with only flood
control as an objective can be retrofit
to provide water quality treatment
by providing a permanent pool,
extending the flow length, modifying
the outlet and providing a forebay.
(Source: Aquafor Beech)

Figure 8.6.2: Retrofits can also
incorporate wetland components to
enhance water quality treatment.
A wetland-wet pond facility is
also known as a hybrid facility.
(Source: Aquafor Beech)

8.7 Restoration measures
Restoration measures include a broad range of techniques designed to recreate natural conditions that facilitate hydrologic processes within a watershed. Within the study area these projects may
fall within headwaters and source areas (terrestrial habitat enhancement), conveyance networks (day-lighting of storm sewers), or within receiving watercourses that have been degraded (stream
restoration and aquatic habitat enhancement). In-stream restoration measures should be implemented in conjunction with source controls and/or end-of-pipe alternatives that treat the root cause of
the problem.

Table 8.7.1: Restoration Measures
Restoration Measures

Description

Stream Restoration

Stream restoration includes measures designed to address erosion and flooding problems
and restore stream functions and stability. They are generally applied on a stream reach basis
and include stream rehabilitation using natural or engineered channel design principles and
naturalization of stream riparian zones using native materials. Stream restoration projects may
include practices such as streambank regrading, gradient controls and floodplain contouring
to address specific erosion and flooding problems.
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

S

S

x

x

x
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Aquatic habitat enhancement projects are generally in-stream measures designed to enhance
aquatic/fish habitat. They are often integrated with stream restoration measures; however,
they may be implemented on their own in stable stream environments. These measures
include spawning habitat creation, refuge pool construction, undercut bank structures, boulder
placements, half log cover structures and flow deflectors. They may also include stream bank
planting to provide overhanging shade.

P

x

x

x

x

Terrestrial habitat enhancement measures are designed to protect, restore, or establish
terrestrial habitat for native flora and fauna. These measures include establishing buffers
adjacent to sensitive features, wetland restoration, reforestation, native plantings, setting
aside lands to naturally revegetate, controlling access to sensitive areas and creating natural
linkages between existing features. They also may include increasing the size and distribution
of natural areas.

S

x

S

x

x

Day-lighting is the process of selectively removing storm sewers and re-establishing open
channel conveyance. Wetlands and ponds can be incorporated into open channel designs.

P

x

x

x

x

Restoration Measures

Description

Aquatic Habitat Enhancement

Terrestrial Habitat
Enhancement

Day-lighting of Storm Sewers

Figure 8.7.1: Stream restoration
and aquatic habitat enhancement
can include the establishment of
riparian vegetation which provides
shade and erosion protection.
(Source: Aquafor Beech)

106

Figure 8.7.2: In this photo the
banks of a bay connected to a
historical combined sewer outfall
were rehabilitated. The works were
part of a larger project that included
disconnection of the combined sewer
and dredging of the basin. (Source:
Aquafor Beech)
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8.8 Pollution prevention
Pollution prevention mitigates pollutant loading by anticipating and targeting the source then preventing discharges from occurring through structural or non-structural measures. Pollution prevention
is most commonly applied on industrial and commercial sites by business property owners. Pollution prevention (P2) planning mitigates the risk for fines and clean-up costs associated with
accidental spills.

Table 8.8.1: Pollution prevention

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Structural pollution prevention (P2) is the use of processes, practices, materials, products, or
substances that avoid or minimize the creation of pollutants and waste. P2 typically targets
point source pollution at the site level. Structural P2 practices include:
• Signage
• Equipment modifications
• Spill containment
• Material and waste storage
• Buffer installation
• Material substitutions
• Covered fuel stations

P

x

x

x

x

Non-structural P2 alternatives are often cost efficient and easily implementable solutions to
onsite water quality issues. Non-structural alternatives include:
• Process modification
• Improved inventory management
• Improved operating practices and training
• Onsite reuse, recycling, and recovery

P

x

x

x

x

Pollution Prevention

Description

Structural P2

Non-Structural P2

P = Primary Benefit S = Secondary Benefit x = No Benefit
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Pollution Prevention

Description

Best Practices for Residential, Improved operation and maintenance of privately and publicly owned land, buildings, and
Multi-Residential, Business and infrastructure that will reduce pollution generation:
Public Properties
• Reduced fertilizer and pesticide usage
• Safe de-icier use
• Car fluid recycling
• Safe pool discharges
• Dumpster management
• Cross connection elimination
• Covered fuel stations

Figure 8.8.1: Identifying the potential
sources of pollution is the first step
in developing a pollution prevention
plan. Here a fuelling station has been
identified as a potential source of
pollution. A spill containment basin
along with absorbent spill responses
materials was provided. (Source:
CVC)
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Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

P

x

x

x

x

Figure 8.8.2: Signage is a form of
pollution prevention that is commonly
used on industrial sites. This sign
provides information regarding the
receiving water bodies, indicates that
a large fine is possible, and provides a
number for reporting illegal dumping.
(Source: CVC)

Grey to Green Enhanced Stormwater Master Planning

8.9 Agricultural best management practices
Agricultural areas such as pasture lands and croplands can be sources of non-point source and point source pollution. Agriculture pollution loading can include sediment, nutrients, pesticides, and
bacteria. Agricultural practices can also contribute to channel erosion. Agricultural best management practices can reduce runoff and pollutant loading from agricultural practices. Agricultural best
management practices can be classified as structural and non-structural. Structural practices commonly target point sources of pollution via engineered solutions. Non-structural practices are
implemented to mitigate non-point source pollution via operational or procedural changes.

Table 8.9.1: Agricultural Best Management Practices
Agricultural Best
Description
Management Practices
Structural Agricultural BMPs

Non-Structural Agricultural
BMPs

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Structural agricultural BMPs can be highly successful at mitigating pollutant loading from
point sources. Structural agricultural BMPs include:
• Covered facilities
• Solid storage facilities
• Liquid storage facilities
• Septic replacement
• Livestock access barriers
• Drain outlet controls

P

x

x

x

x

Non-structural agricultural BMPs can be highly successful at mitigating pollutant loading from
non-point sources. These alternatives are often operational or procedural changes that can be
applied on a large scale. Non-structural agricultural BMPs include:
• Modifications to manure and feedlot handling procedures
• Modifications to waste management procedures
• Buffer establishment
• Crop rotation changes
• Wetland protection
• Sustainable woodlot management

P

x

x

x

x
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8.10 Management and operational measures
Management and operational measures do not require the implementation of new infrastructure. They can be inexpensive options that provide significant watershed benefits. Management and
operational measures include the review of existing programs to identify efficiencies and synergies between departments. Most of the options listed in Table 8.10.1 relate to changes to operations
schedules and techniques. Public education programs have been included as a management measure in Table 8.10.1.

Table 8.10.1: Management and operational measures
Management and
Operational Measures
Catch Basin Cleaning

Storm Sewer Flushing

Leaf Clearing and Removal

Street Cleaning

Modified Winter Operations
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Catch basins accumulate sediment and debris. Catch basin sumps must be cleaned with
vacuum trucks to prevent excessive sedimentation. An appropriate cleaning schedule can
prevent some sediment loading. Accumulation rates should be evaluated before finalizing a
cleaning schedule.

P

x

x

x

x

Storm sewers can become clogged with sediment and debris causing backups and
surcharging during rainfall events. Vacuum trucks are used to clear storm sewer lines and
maintain flow.

S

P

x

x

x

Leaf debris can contribute to clogging of catch basins and storm sewer networks. Decaying
organic matter in gutters and catch basins contributes to nutrient loading from urban storm
networks. Mitigation strategies include encouraging home owners to compost and use leaves
as mulch on gardens and lawns or develop a curbside pickup program.

P

S

x

x

x

Streets accumulate pollutants over time. Appropriately scoped street sweeping programs
can reduce the loading of sediment, debris, road salt, metals and nutrients. Programs should
consider timing, equipment, targeted areas, and monitoring.

P

x

x

x

x

Winter road operations are a necessity in Ontario. Road salt and sand applied in the winter
contribute significantly to pollutant loading. Modified salt application can reduce chloride
concentration in receiving water bodies. Modified sanding can reduce total suspended solid
loading. Modifications to these programs can include better targeting of ice susceptible areas,
application equipment changes, the use of ecologically friendly road salt alternatives, and
containment in storage and loading areas.

P

x

x

x

x

Description
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P = Primary Benefit S = Secondary Benefit x = No Benefit

Management and
Operational Measures
Cross-Connection Control
Programs

Description
Cross-connections between storm sewer and sanitary sewers can result in untreated sewage
discharged to receiving water bodies or excess inflow to municipal treatment facilities.
Identifying and eliminating cross-connections can mitigate pollutant loading reduce
treatment costs.

Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

P

x

x

x

P

8.11 Policy and education
Changes to municipal policy and the implementation of education programs can foster behavioral changes in the public. These behavioral changes can lead to efficiencies in potable water use,
reduced pollutant loading, and reduced impervious runoff from private properties. Changes to municipal policy and the implementation of educational programs should only occur after reviewing
existing policies and programs. Most of the options listed in Table 8.11.1 result in benefits at the residential level. Table 8.11.1 includes examples of municipal policy and public education programs
as management measures.
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Table 8.11.1: Policy and education

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

P

x

x

x

x

These programs focus on the collection of deleterious chemicals that sometimes are
disposed of in a manner that threatens stormwater or sanitary sewage quality. Household
hazardous wastes are defined as waste materials that typically are found in homes and
exhibit characteristics such as corrosivity, ignitability, reactivity and /or toxicity, or are listed as
hazardous materials.

P

x

x

x

x

Control of Fertilizers and
Pesticides

Programs that promote landscape alternatives and healthy property management can
encourage reduced use of fertilizers and pesticides. These programs can be designed for
municipal, commercial, and residential properties.

P

x

x

x

x

Enforcement of Anti-Litter
By-laws

Littering is an environmental problem facing most municipalities. Common forms of litter that
end up in storm sewers and watercourses include plastic packaging and pet feces. Litter
reduction programs involve preventing littering by enforcing by-laws that prohibit littering.

P

x

x

x

x

Policy and Education

Description

Public Education Programs

Public education programs that establish the relationship between urban runoff and the
health of stream, lakes, and rivers can be a catalyst for behavioural change with respect
to the environment. These programs should also convey the polluting potential of common
activities and suggest alternative practices. Stenciling storm drain inlets with warnings and
graphics can be a component of education programs. Public practices that can be mitigated
or changed include:
• Improper storage and disposal of household hazardous substances
• Application of lawn chemicals
• Dumping of materials into the storm sewer
• Improper oil and gas handling
• Water use patterns
• The use of alternative products (less harmful to environment)
• Vehicle use
• Private swimming pool discharges to sensitive habitats

Household Waste Collection
Programs
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P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Municipal sewer use by-laws prevent pollutants from being discharged to municipal sewers.
Improving enforcement programs can mitigate the release of pollutants to municipal sanitary
and storm sewers.

P

x

x

x

x

Water conservation and water efficiency programs can reduce the volume of household and
industrial water entering combined and sanitary sewers. These programs lower the risk of
combined sewer overflows during rainy weather and improve the operating efficiency and
long-term performance of wastewater treatment facilities and septic tanks. These programs
can also reduce the demand on groundwater resources and provide a cost-saving benefit for
industries and other large volume users.

x

x

S

P

P

Enforcement of Erosion and
Sediment Control By-Laws

During runoff events, soil from construction sites can be carried into storm sewers and water
courses. Municipal erosion and sediment control by-laws, in conjunction with conservation
authority enforced regulations are in place to prevent erosion and ensure the containment of
sediment within construction boundaries.

P

x

x

x

x

Spills Response Program

Under the Emergency Management and Civil Protection Act, municipalities in Ontario are
required to have an emergency response plan as part of their emergency management
programs. Spills response is a vital component of this program. Mitigating the environmental,
social and financial costs of hazardous material spills is the main goal of spills response
programs. Municipalities should collaborate and consult with local industry regarding the risks
in order to determine their response capabilities and address any identified gaps.

P

x

x

x

x

Reduced lot grading standards can be used to mitigate storm runoff by promoting recharge
and natural infiltration. Typical municipal grading standards require 2% slope. While it is
important to maintain this around the perimeter of buildings, grading landscape areas to as
little as 0.5% can encourage infiltration and filtration of runoff.

S

S

P

x

x

Policy and Education

Description

Enforcement of Sewer
Discharge By-laws
Water Conservation and
Efficiency Programs

Modified Lot Grading
Standards
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8.12 Combined and sanitary sewage system remediation measures
Remediation of sanitary sewage systems can provide significant watershed benefits by reducing the discharge of untreated sewage into the natural environment. Common sanitary issues experienced
by municipalities in Ontario include combined sewer overflows and surcharging during extreme storm events. The measures listed in Table 8.12.1 can mitigate these issues. To reduce the inflow of
storm drainage into a combined sewer, municipalities should also consider LID practices at the source of runoff.

Table 8.12.1: Sanitary sewage remediation measures
Sanitary Sewer
Description
Remediation Measures

P = Primary Benefit S = Secondary Benefit x = No Benefit
Water
Quality

Flood
Control

Water
Balance

Water
Use

Sanitary Sewer
& CSO

Sewer and Manhole
Rehabilitation

These alternatives include rehabilitating broken pipes, sealing leaking joints and sealing
manhole covers that contribute to inflow and infiltration.

S

x

x

x

P

System Storage

Storage tanks are added to a sanitary sewage system to prevent combined sewer overflows
and surcharging.

P

x

x

x

P

Sewer Replacement

Replacing a storm sewer may be required when pipes are sufficiently degraded. During
replacement, consider sewer capacity upgrades including upsizing and twinning.

S

x

x

x

P

WWTP Upgrades

Upgrades to wastewater treatment plants can increase the treatment capacity or allow the
plant to meet higher effluent targets in accordance with provincial and federal regulations and
policies.

P

x

x

x

P

Pumping station upgrades may be required to increase the capacity and reduce the risk of
surcharging.

S

x

x

x

P

Pumping Station Upgrades
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Now that you are familiar with some of the options, proceed to Step 6 where these options will be evaluated based on project-specific goals, objectives, and targets. It is important to note that the
water management industry is always evolving. Proprietary alternatives available from individual manufacturers and new technologies external to this guide may be successful in achieving watershed
goals, objectives, and targets. Take some time to conduct a background review of additional resources.
As part of its Wet Weather Flow Management Master Plan, the City of Toronto developed a comprehensive list of stormwater management options that includes these items:
• A description of the option
• The primary mechanism of treatment or control
• Related stormwater management options
• Application requirements
• Examples of proven effectiveness or experience
• Cost considerations
• Objectives addressed (of the 13 objectives identified in the Toronto WWFMMP)
• Opportunities considerations.

Relevant material from this document has been included for reference in the technical compendium.
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9.0 Evaluate the Options
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9.0 Step 6 – Evaluate the options

9.2 Staged evaluation of options

Chapter 8 (Step 5) presents a wide suite of options that can
be considered during the ESWM-MP process. The chapter
can assist you in the development of a long list of potential
solutions for mitigating water resources issues in your
municipality. The next step is to evaluate the possible options
and establish a preferred alternative.

There are various ways to evaluate the wide range of options
available to your municipality. The approach described in this
chapter is a representative three-staged approach used to
evaluate options. The objective is to screen and eliminate any
options that are deemed to be infeasible and/or unsatisfactory
to stakeholders or do not address the goals objectives and
targets as laid out for the study.

9.1 Following the EA process
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This stage of Step 6 (the evaluation process) involves the
evaluation of each of the categories of options presented in
Chapter 8. These categories include source control options
on different land uses (residential, commercial, low-intensity
industrial, and public lands), residential remedial measures,
conveyance options, and end-of-pipe options among other
solutions. The primary factors for the evaluation are:
a) Technical feasibility: In many cases, upon review of
technical constraints, such as soils, topography, or land
use, some options will not be feasible. For example,
land constraints may prevent the implementation of
stormwater retention facilities in highly urbanized areas.

Step 6 – Evaluate the Options assumes that the project
team is following the Class EA Master Planning and Design
Process discussed in Chapter 5 while developing an ESWMMP. This process is outlined in the MEA’s Municipal Class
Environmental Assessment document published in 2000 and
amended in 2007 and 2011.
Step 6 – Evaluate the Options is a critical step in the
Class EA Master Planning and Design Process and is referred
to as “Evaluate the Alternatives.” This guide uses the term
“Options”, but the process is consistent. Evaluation of the
options must be completed to address Phases 1 and 2 of the
Class EA process. Figure 9.1.1 illustrates where evaluation of
options occurs within the ESWM-MP process.

Stage 1 – Screening level evaluation of the
list of options

b) Impact on environmental resources (goals,
objectives, and targets): Not all options will achieve
the same level of goals, objectives, and targets relating
to the environment.

Figure 9.2.1: This figure outlines the evaluation process used
to develop a preferred alternative: Note the important role
target-setting plays in the process. Consider goals, objectives,
and targets developed during Step 4 (Chapter 7) throughout
the process, including the development of alternative
strategies and the evaluation of alternative strategies.

c) Cost-effectiveness: The capital and life-cycle project
costs should be approximated for each option; however,
it is important to consider the effectiveness of municipal
dollars. A method for calculating cost effectiveness
using the matrices process is discussed at the end of
Chapter 9.
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d) Public acceptance: Public acceptance is important,
especially for practices that will be implemented in
public spaces (e.g. parks and community centres) and
residential areas and will ensure that any actions taken
by the owners and/or users of the lands will be in line
with the intention of the options.
e) Municipal and agency acceptance: Consultation
with municipal departments that will be involved in
maintenance and operations is essential. You may also
consider soliciting the input of external agencies during
the evaluation process. Conservation authorities, for
example, will be able to provide input from a watershed
perspective.
Categories include a range of individual options. Though
each option within a category will not necessarily meet the
all characteristics of the groups (good, fair, poor), use the
most appropriate grouping. At the screening level it is not
important to be precise with quantifiable characteristics
such as costs and impact on environmental resources if the
information is not readily available. Instead, consult reliable
reference materials such as technical papers and industry
standards. At this stage you may want to conduct preliminary
consultation with the public and external agencies to gauge
their acceptance of the options.

Good
a) The options are technically feasible
b) The options provide a significant impact on
environmental resources
c) The options are cost-effective
d) Public acceptance is high
e) Municipal and agency acceptance is high
Fair
a) The options are technically feasible
b) The options provide a moderate impact on
environmental resources
c) The options are reasonably cost-effective
d) Some public resistance is expected
e) Some municipal or agency resistance is expected

Stage 2 – Bundling control options
The ultimate goal of an ESWM-MP is to identify a suite of
control measures that takes into consideration the complex
nature of your study area and effectively meets the goals,
objectives, and targets established for the project. The suite
of control measures included in the preferred alternative will
be comprised of a select group of options that were found to
be most appropriate in the screening level evaluation. Options
are bundled together to determine the most efficient way to
meet goals, objectives, and targets identified in Chapter 7.

Poor
a)
b)
c)
d)
e)

The technical feasibility is questionable
The impact on environmental resources is insignificant
The options are not cost-effective
Public resistance is expected
Municipal or agency resistance is expected

The purpose of the screening level evaluation is to present the
initial findings to the committee, the public, and stakeholders
for their preliminary response. Furthermore, the preliminary
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assessment will provide direction for the subsequent
evaluation of options. After the findings from the screening
level assessment have been evaluated, the next step is to
undertake a detailed assessment based on a more rigorous
set of factors.

An example of the bundling of options into distinct ESWM-MP
options used in the Toronto Wet Weather Flow Management
Master Plan is provided in the technical compendium.
Bundles of preferred options are created to determine
whether meeting study goals, objectives, and targets is
achievable using sets of options based on maximum predicted
application and suitable control measure hierarchy. The scope,
budget, and number of options that pass the screening stage
evaluation will determine the number of bundles you consider.
For example, an ESWM-MP may evaluate the following five
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option bundles on their ability to achieve a broad suite of
water quality and quantity objectives. More complex studies
may evaluate many more bundles during this stage.

Bundle 5 – Basic Source Control and End-of-Pipe
Control
This bundle includes all options from Bundle 1 and Bundle 4.

Bundle 1 - Basic Source Control
This bundle includes only source controls (residential, public
lands, and industrial, commercial and institutional). Source
controls in this bundle are limited to those which require
limited effort and little cost by landowners.
Bundle 2 – Advanced Source Control
This bundle includes only source controls (residential, public
lands, and industrial, commercial and institutional). Source
controls implemented for this scenario require significant
effort and significant cost by landowners.
Bundle 3 – Advanced Source Control and Conveyance
This bundle is identical to Bundle 2 but also includes
conveyance controls added to major and minor drainage
systems where opportunities exist.
Bundle 4 – End-of-Pipe Control

To assess the technical effectiveness of each bundle, project
teams can use various methodologies, but they will differ
depending on the resources available and budget of the
ESWM-MP. Chapter 6 identifies methods of analyzing existing
conditions. A similar approach can determine the technical
effectiveness of option bundles. Models that were used to
evaluate existing conditions are modified to reflect control
measures described in option bundles. When developing
bundle scenarios, be sure to explicitly state all assumptions,
including the uptake rate of source controls on private
property.

Chapter 6 provides commonly used methods
for modelling infrastructure and natural water
systems. In most cases these tools can be used
to evaluate the impact of the effectiveness
of options in terms of mitigating impacts and
meeting targets.

Optional risk assessment
After assessing the technical effectiveness of each bundle,
you might find that none of the bundles truly meet the goals,
objectives, and targets of your study. If this is the case, conduct
a risk assessment to determine, quantify, and communicate
the risks associated with not meeting the targets.
If the risk of not meeting targets is deemed too great, revisit
Stage 1 (screening) and Stage 2 (bundling) to determine if
some management options which were initially dismissed
may be effective for meeting targets.

The risk assessment process is useful for
considering management options that will
contribute to meeting the targets of your
study (and reduce risk) that would otherwise
be dismissed due to cost or implementation
challenges.
If stakeholders deem risks identified in the risk assessment
acceptable, you might need to revise the targets set earlier in
the process. This secondary set of targets would be based on
what is feasibly achievable and on the acceptable level of risk

This bundle includes new end-of-pipe facilities and facility
retrofits where they are feasible.
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Case Study:
Assessment

Cooksville

Creek

Vulnerability

A risk assessment is currently underway for the Cooksville
Creek watershed in Mississauga (Assessing Infrastructure
and Watershed Vulnerabilities to Climate Change in the
Cooksville Creek Watershed). This project uses the PIEVC
protocol to identify vulnerabilities to water, wastewater,
stormwater and creek infrastructure in light of climate
change. Future scenarios will also be evaluated based on
assumed uptake rates of source control and conveyance
control management options, such as low impact
development.

Stage 3 – Develop and assess alternative
strategies
A strategy is a plan of action designed to achieve goals,
objectives, and targets. Strategies are much more detailed
than a grouping of options. They include:
• A technical component describing the bundled options
and how they contribute to achieving the goals,
objectives, and targets
• An implementation component indicating when and
where the options will be installed, who is responsible,
and what approvals are needed
• A financial component indicating how and by whom the
options will be paid for
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• A marketing component indicating how the project team
will encourage support from the public, government, and
businesses
• An educational component indicating how the public,
government, and businesses will learn about the plan
Alternative strategies should be formed in a way that takes
into consideration:
• The achievement of different levels of environmental
enhancement
• The use of different combinations of options based on
opportunities (e.g. land use, existing flooding concerns)
• Municipal constraints such as limited budget, resources,
staffing, and technical expertise
• Different timeframes associated with implementation
timelines
Each alternative strategy is then rigorously evaluated and
compared using environmental, social, and costing criteria
specific to the goals, objectives, and targets of the project.
Criteria may include factors associated with, but is not limited
to:
• Degree to which goals, objectives, and targets are
reached

• Community safety risks
• Public acceptance
• Municipal and agency acceptance
• Geographic distribution
• Life-cycle activities
• Life-cycle costs
• Aesthetics
• Integration with other programs
• Direct and Indirect cost savings

Reference
the
goals,
objectives, and targets of the
ESWM-MP when evaluating
strategies. Strategies that
meet these requirements
should rank the highest.

• Timing to implement
• Degree of municipal control (can municipality assure
implementation and continued operation)
Grey to Green Enhanced Stormwater Master Planning

Project teams can use a number of techniques to evaluate
strategies. Table 9.2.1 identifies a number of evaluation
strategies along with their advantages and disadvantages.
These techniques are typically used along with ranking

or scoring systems to determine the preferred alternative
which is then described in further detail in the form of a
recommended plan.

An example of developing and assessing alternative strategies
from the Toronto Wet Weather Flow Management Master Plan
is provided in the technical compendium.

Table 9.2.1: Techniques used to evaluate alternative strategies.
Method
Matrices

Ad Hoc

Description

Advantages

• Used to display and evaluate alternative strategies vs.
multiple criteria

• Simple to use and easy to understand

• Preferences of interest groups (i.e. used for weighing
criteria) can be considered

• Allows for weighing of criteria

• Scores are dimensionless (i.e. not on
ratio scale)

• Impacts of alternative strategies described in narrative
terms

• Minimal data required

• Not traceable or accountable

• Easy to implement

• Does not asses trade-offs and
comparisons

• Helps eliminate unwanted alternative strategies,
and develop a list of reasonable alternative
strategies for detailed evaluation

• Doesn’t involve trade-offs and
comparisons

• Considers trade-offs and comparisons

• Professional judgment used to select among options
Checklists

• Alternative strategies must satisfy conditions before
considered acceptable

• Useful first step combined with other evaluation
methods
Constraint Mapping
(GIS)

Disadvantages

• Compare and evaluate alternative strategies using mapping • Helps eliminate unwanted options, and develop a
list of reasonable options for detailed evaluation
• Useful first step combined with other evaluation
methods

• Attempts to represent all aspects of the project in monetary • Comparison in the form of an understandable
Economic Methods
values (i.e. costs vs benefits)
unit ($)
(including cost benefit
analysis)

Grey to Green Enhanced Stormwater Master Planning

• Difficult to ensure criteria are
independent of others

• Rarely determines single preferred
alternative
• Doesn’t involve trade-offs and
comparisons
• Rarely determines single preferred
alternative
• Difficult to assign a monetary value
to all impacts (e.g., environmental
impacts, feasibility)
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Method

Description

Advantages

Disadvantages

Pair-Wise Comparison • Compares each alternative vs. each criteria on a pair-wise
base and develops a relative preference of alternative
strategies based on these comparisons

• Allows the use of relative ranking of units rather
than categorizing them into scores

Programming
Methods

• Can handle large amounts of data systematically

• Programming methods are designed to deal primarily with
complex decisions for which an optimum solution is being
sought (e.g. linear, dynamic or goal programming)

• Complex to implement
• Traceability is a concern
• Results can be difficult to understand
and interpret
• Complex and difficult to implement
• Available data and information are not
always handled easily by programs
• Results can be difficult to understand
and interpret
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The matrices process
The matrices process is the most commonly used method of
those presented in Table 9.2.1 because it provides the ability
for the project team to evaluate multiple weighted criteria. To
demonstrate the necessary steps in evaluating options with
the matrices process, the example outlined in this section
contains technical content from the Toronto Wet Weather Flow
Management Master Plan
For a more detailed look at the matrices process used for the
Toronto Wet Weather Flow Management Master Plan see the
technical compendium.
Define the evaluation criteria: The Municipal Class EA process
requires use of three categories when evaluating alternatives:
social, economic, and natural environment.
Evaluation criteria may also be expanded to include other
evaluation categories. Table 9.2.2 provides a comprehensive
list of the general categories and comparative criteria used
in the Toronto Wet Weather Flow Management Master Plan.

Table 9.2.2: Categories and comparative
criteria used in the Toronto Wet Weather Flow
Management Master Plan.
Method

Description

Overall study
principle

Degree to which hierarchy
is achieved (i.e. deals with
stormwater where it falls)

Objectives –
measures based on
established targets

Degree to which strategy meets
the 13 objectives identified in the
Toronto WWFMMP

Implementation and
operational criteria

Timing to implement

Social/cultural
criteria

Community/user health and safety

Degree of control

Air emissions
Terrestrial systems
Aquatic Systems

Economic Criteria

Comparative criteria should
be established via a steering
committee and public
consultation.

Public/user acceptance
Open space areas/parks

Natural environment
criteria

As Table 9.2.2 demonstrates, the evaluation criteria
can include a wide range of factors. The ability to meet
environmental and infrastructure targets – as well as cost –
should always be part of the evaluation criteria.

Total Annual (Lifecycle) Costs
Who Pays

Obtain impact values for each criterion: Many of the criteria
that you will use to evaluate the alternative strategies are
easily described quantitatively. Financial costs, flow rates,
and expected pollutant loadings are examples. Other criteria
will be more subjective. Table 9.2.3 has examples of both
qualitative and quantitative impact values from the Toronto
Wet Weather Flow Management Master Plan.
In Table 9.2.3 qualitative criteria are assigned numeric values
to allow for a comparison of alternative strategies. Instead
of numeric values, you can use levels of impact (e.g. high,
moderate and low).
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Table 9.2.3: Qualitative and quantitative impact values for evaluation.
Impact Value

Type

Description

Total life-cycle costs

Quantitative

Total capital, and annual costs amortized over 50 years.

Timing to implement

Quantitative

0-5yrs 10 points
6-10yrs 8 points
11-15yrs 6 points
16-25yrs 4 points
26-50yrs 2 points
>50yrs 0 points

Public acceptance

Qualitative

Strategy graded 0 to 10 based on extent to which it
fosters lifestyle changes, creates jobs, recreational
opportunities. Most acceptable strategy to public is given
a score of 10.

Terrestrial Systems

Qualitative

Strategy graded between 0 to 10 based on extent to
which it impacts terrestrial systems, including wildlife
corridors and habitat. Grading takes into consideration
realistic mitigation strategies.

Assign weights to criteria: Some criteria (or criteria groupings)
are inherently more important than others. For example, those
criteria that relate to public safety, budget, and primary study
goals will be important to achieve. As a result, you may wish
to weigh certain criteria more heavily during the evaluation
process. It is important to solicit input from the public (e.g.
through focus groups or polls) and the steering committee
when determining importance of criteria.
Multiply each criteria score by the weight score: To determine
a total score for an alternative, the score for each criterion
must be multiplied by the criterion weight and added together.
Scores can also be tallied for each criteria grouping.
Compare alternatives strategies: The primary way to compare
alternative strategies is by analyzing their total scores. In
some cases, cost is might not as a scoring criteria and instead
given separate consideration.
Another way to include cost is to divide the total alternative
score by a cost. A higher value will more efficiently provide
benefits per dollar spent on implementing the alternative
strategy.
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10.0

Presenting a Recommended Plan
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10.1 General

10.2 EA context setting

A key component of an ESWM-MP is the detailed description of
the preferred alternative (also referred to as the recommended
plan). At this stage, the project team has already evaluated
stormwater management options, but it lacks the details
to further develop projects and policy. The Recommended
Plan provides physical context for the implementation of the
measures that were recommended at the conclusion of Step
6 – Evaluate the Options. This chapter will explain the process
of developing a detailed recommended plan. Chapter 11
discusses comprehensive implementation considerations.

As discussed in Chapter 5, following the Municipal Class
EA process is recommended when undertaking an ESWMMP. In accordance with Phases 1 and 2 of the Municipal
Class EA process, developing a recommended plan will
provide a statement of problems, opportunities as well as
identify and describe a preferred alternative. It is important
to remember that the ESWM-MP is a planning document that
provides succinct and specific measures for a sustainable
infrastructure and a healthy environment.

Following the development of a long list of alternative options
(Chapter 8) and evaluating them to arrive to a preferred
alternative (Chapter 9), and as required by the EA Master
Planning process (Chapter 5), the municipality should develop
a recommended plan for stormwater management that most
effectively manages stormwater infrastructure within the
study area while addressing environmental requirements
including water quantity, water quality, and natural heritage.
The recommended plan should guide the development of
stormwater management approaches and techniques for
each settlement area. The approaches and techniques should
be linked to objectives and targets that are as specific and
quantifiable as possible.
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The long-range planning approach an ESWM-MP establishes
will enable the municipality to identify opportunities and
be proactive in addressing issues. It also allows individual
projects to be implemented over time, collectively becoming
part of a larger management system.

10.3 Plan development
To develop a comprehensive recommended plan, the project
team should clearly identify the preferred alternative and link
it to the project’s goals, objectives, and targets.

Accordingly, the recommended plan discusses the preferred
alternative (Chapter 9) in a broader framework that
incorporates these components:
•
•
•
•
•
•
•

Description of the preferred alternative
Recommended Plan mapping
Demonstration and conceptual material
objectives and targets
Constraints and opportunities
Effectiveness of the preferred alternative
Cost

10.3.1 Description
alternative

of

the

preferred

The description of the preferred alternative incorporates key
deliverables of the recommended plan, including the type,
number of measures and/or coverage area, size, configuration,
and location of the recommended measures.
In the context of recommending preferred alternatives,
strategies, and plans, an ESWM-MP should include a
discussion of these categories:
•
•
•
•
•
•
•

Previous recommended plans
Source control measures
Conveyance control measures
Sewer system improvements
End-of-pipe and storage facilities
Restoration
Non-structural measures
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The degree to which each of these elements is discussed
depends on the key issues and concerns in the ESWM-MP
and the level of funding dedicated to the preferred alternatives.
The following section elaborates on these elements.

of Aurora Comprehensive Stormwater Management Master
Plan (2014). The input included:
• Outfalls improvement and replacement
recommendations
• End-of-pipe facility retrofit opportunities

Previous recommended plans
Studies and plans completed prior to the ESWM-MP study may
include management strategies and planned measures that
can be integrated into the recommended plan. These plans
may include source and conveyance control measures, as
well as end-of-pipe facilities that have not been constructed;
therefore, it will be necessary to include them in the ESWMMP. Previous studies may include:
• Stormwater management remedial strategies
• Stormwater management reports and servicing studies
• Pollution prevention (P2) plans
• Flood remediation and evaluation studies
• Outdated stormwater management plans and
drainage plans

Case Study: Aurora Stormwater Management
Remedial Study
The Town of Aurora Stormwater Management Remedial
Strategy (XCG, 2007) provided valuable input to the Town
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• Field work to understand the physical conditions with
respect to landscape and existing drainage infrastructure
in representative areas within the municipal boundaries;
and
• Meetings and discussion with municipal staff from
various departments to determine municipal support/
barriers to different stormwater measures.

• End-of-pipe facility clean up recommendations
• Implementation considerations including costing and
operation and maintenance.

Source control measures
Source control measures are physical measures that
promote ground infiltration and mitigate stormwater overflow.
Generally these control measures are located at the beginning
of a drainage system on private property.
As described in Chapter 8, source control measures can
be implemented within different land use types, including
residential, commercial, and public lands.
Project teams can investigate the feasibility of implementing
specific source control measures should be investigated
through:
• Social marketing research to understand public support/
barriers to different stormwater measures;

Figure 10.3.1: Examples of residential source control
measures (Source: Aquafor Beech)

Source control measures within a residential
neighbourhood:
Since source control measures are generally implemented
within private properties, the municipality plays a supportive
role in recommending these measures. Accordingly, the
recommended plan may include these activities:
• Creating a social marketing strategy and raising
awareness within community. The overarching objective
of the social marketing strategy is to engage residents
to adopt low impact development measures on their
properties.
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• Refining, updating or changing by-laws related to
implementing source control measures.
• Creating strategic partnerships with local agencies
and public outreach programs. Recent initiatives
within Ontario have included the LSRCA’s RainScaping
Program, the Windfall Ecological Centre, and the RAIN
Stormwater Management Program.
• Distributing existing guidance materials for residential
property owners including Greening Your Grounds: A
Homeowners Guide to Stormwater Landscaping Projects,
created by the TRCA and others.
• Holding residential workshops to educate and inform the
residents

Source control measures within multi-residential and
business properties:
There are many opportunities for implementing source control
measures within municipal and private parking facilities, strip
malls and plazas, large shopping centres / malls / box stores,
and low-intensity industrial or commercial areas.
The best opportunities to treat parking lot drainage happen in
parking lots with pervious areas at the lot’s perimeter. During
repaving or reconstruction activities, the parking lot should be
graded so stormwater is directed to existing pervious areas.
For small parking lots, you can manage redirected drainage
with a water quality swale running adjacent to the parking

128

Figure 10.3.2: The IMAX Corporation headquarters parking lot was retrofitted with a variety of source control measures including
permeable pavers, bioswales, grass swales, Jellyfish® filter unit, and a Sorbtive® vault (Source: CVC)
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area. For larger parking areas, you might require bioswales
to treat the parking lot drainage before releasing it to the
municipal storm sewer.
When developing the recommended plan, consider the age
of multi-residential and business properties to determine
the potential for implementing source control measures. Old
business areas are more likely to have larger pervious areas
where source controls can be implemented, as opposed to
newer developments which tend to be designed with smaller
pervious areas.

Case Study: Cooksville Creek Characterization
Study
The Cooksville Creek characterization study categorized the
commercial lands within the Cooksville Creek watershed
into five categories: city centre zones, box malls, small
strip malls, automotive businesses and restaurants.
For each category, the project team characterized the
lot configuration, typical activities, and management
regimes to identify opportunities/constraints associated
with restoration regarding water quality and quantity,
including source control measures. Rooftop and parking
lot source control measures, including permeable
pavement, bioretention, and green roofs, were assigned
a ranking of low, medium or high based on applicability
to each of the categories of commercial lands identified
within the watershed. The project team completed a similar
characterization for the two major industrial districts within
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the watershed: Dixie and Gateway. The Dixie industrial
district is an older area where stormwater drainage is
typically happens via open swales rather than storm drains.
The Gateway industrial district was developed more recently
and has large parking lots, generally with curb-and-gutter,
with most properties draining to storm drains. Parking lot
and rooftop source control measures were ranked in terms
of applicability for both districts, with high applicability
of permeable pavement, green roofs, and underground
retrofits for Gateway, which has significant parking lot
areas and underground drainage, and high applicability of
drainage swale retrofits, simple disconnection and planter
boxes for the Dixie district, where drainage is mostly open
swales.

Source control measures within a public land:
Proposed source control measures within public lands
may include retrofits in parks, municipal facilities, schools,

and places of worship. Pilot projects can help to define
variables such as landowners’ awareness of the impacts
from stormwater, their willingness to implement source
control measures, the importance of public funding, and the
adoption rates for each of the proposed measures. Public
lands are larger and often have fewer physical constraints
than roadways. Pilot projects located on public lands allow
the municipality and stakeholders to learn about design
requirements without being as restricted by utilities and traffic
concerns.
Potential public land retrofit sites should have high community
appeal and be a community ‘hub’ with high volumes of visitors.
These sites can include, but are not limited to, schools, parks,
and community centres.

Conveyance control measures
Conveyance control measures are stormwater transport
systems that are generally located within the road right-ofway (ROW). These measures allow stormwater to infiltrate
into the ground as it is being transported.
The project team should discuss different streetscapes (ROW
areas) and examine the possible ways to manage stormwater
conveyance. The team can use these approaches:

Figure 10.3.3: Examples of residential source control
measures (Source: Aquafor Beech)

1.

Review the general types of treatment measures.

2.

Complete field work in representative areas.
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3.

Use desktop analysis for aspects of implementation.

In general, conveyance control measures are classified based
on road and ROW type:
• Local residential roads: The presence of grassed
boulevards and ditching allows for several retrofit
options. Parking areas can also be targeted for
perforated parking.
• Residential collector roads: Bike lanes and large
boulevard areas are ideal targets for retrofits. Consider
bioretention, bioswales, and perforated pipe systems.

bioretention, bioswales and perforated pipes.
• High density commercial roads: Bioretention planters
are a good option when space is at a premium on highly
urbanized streets. Curb extensions and perforated
pavement can also be incorporated into these ROWs.

Case Study: Mississauga Stormwater Control Strategy
The City of Mississauga Stormwater Quality Control
Strategy included a recommended plan with these
recommendations:
1.

• Local industrial roads: Boulevard LID features are a
suitable option in these areas, along with pre-fabricated
water quality modules.
• Industrial collector roads: High traffic and heavy vehicle
use makes practices within the driveable area difficult.
Bioswales and perforated pipe systems are good options
for the wide boulevard areas.

2.

For roads with urban drainage infrastructure,
stormwater quality treatment should be achieved
using bioretention units on either on the road surface
or within the municipal boulevard area (the grassed
area between the curb and the sidewalk).
All remaining streets serviced by ditches (roads with
a rural drainage system) should be upgraded using
exfiltration trench / perforated pipe systems to achieve
improved water quality treatment.

• Minor arterial roads: These streetscapes provide ample
opportunity for LID practices along the boulevards and
sidewalk areas.

Case Study: Lakeview Neighbourhood Improvement
Project

• Major arterial roads: Within these ROWs, large road
medians and islands can be ideal areas to implement
bioretention. Boulevard areas can also targeted for

The Lakeview Neighbourhood Improvement Project in
the City of Mississauga used LID measures to provide
stormwater quality treatment and take advantage of
road rehabilitation projects to introduce environmentally
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Figure 10.3.4: Example of conveyance control: Lakeview
Neighbourhood Improvement Project (Source: CVC)
responsible approaches. The project proposed vegetated
swales (i.e. bioswales) to improve water quality by removing
suspended solids from stormwater runoff.
Conveyance controls included traditional sewer projects
and LID features such as bioretention, bioswales and
perforated pipe located in the municipal ROW.

Sewer system improvements
Combined sewer system improvements: In the case
of combined sewer systems within the study area, the
recommended plan should include specific direction
concerning the improvement of drainage and associated
environmental functions by providing techniques that address
conveyance and pollution prevention (P2).
As articulated in Chapter 8, the characterization and
modelling of combined sewers is an essential step towards
recommending preferred alternatives within an EA Master
Planning context.
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According to the Green
Cities, Great Lakes: The
Green Infrastructure Report
(ecojustice, 2009), there
are at least 89 Ontario
municipalities that have
combined sewer systems.

Watershed and 27 CSO projects in the Lower Don River
Watershed. For more information, see the technical
compendium.
Storm sewer system improvements: The description of
the storm sewer system improvements should include any
improvements to the minor and major drainage systems. Here
are examples of storm sewer recommendations:
1.

Recommendations to upgrade the storm sewer system
including improving sewer capacity, increasing number
of outfalls, and/or improving inlet capacities.

2.

Recommendations to reduce or eliminate basement
flooding by installing backflow preventers and weeping
tile disconnection.

3.

Recommendations to address overland flow deficiencies
in areas where flooding is an issue.

4.

Recommendations to prepare a detailed strategy
concerning storm sewers located on private properties.

Depending on the assessment of drainage infrastructure and
conveyance issues within the study area, the recommended
plan may include:
• Hydraulic improvements
• In-line storage
• Sewer separation
• Data management and decision support systems

Case Study: Toronto Wet Weather Flow Management
Master Plan
The Toronto Wet Weather Flow Management Master Plan
Strategy identified 11 CSO projects in the Inner Harbour
Watershed, 13 CSO projects in the Taylor Massey Creek
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Case Study: Guelph Stormwater Management
Master Plan
The Guelph Stormwater Master Plan recommends a total of
839 sewers to be upgraded or added to meet the five-year
storm capacity. These sewers total more than 53,000m.
Project costs for the upgrades were estimated to be more

than $63 million. For more information, see the technical
compendium.

End-of-pipe and storage facilities
Identifying specific stormwater management systems and
end-of-pipe facilities that should be created or improved in
the study area is essential to the recommended plan.
Additionally, the project team can find great value in reviewing
and analyzing the existing and past stormwater management
systems within the study area. The recommended plan
should indicate and describe the characteristics of the endof-pipe facilities, such as number and type, location, size, and
design basis.
Number of facilities: The number of facilities should be
determined based on the level of stormwater quantity and
quality control needed within the study area. Previously
planned facilities (i.e. recommendations of previous studies
and planning documents) and new and retrofit opportunities
should be described and tallied to inform asset management
databases and decision support systems.
Type of facilities: The type of facility should be informed by
the focus and scope of the study and the targets identified as
part of the ESWM-MP process. Generally, the two key types
identified in recommended plans are:
• Stormwater quantity control facilities
• Stormwater quantity and quality control facilities
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Stormwater quantity control facilities: These facilities
are primarily intended to control peak flows as a result of
urban development. Another justification for recommending
stormwater quantity control facilities is to reduce the
magnitude of storm sewer upgrades, where controlling the
five-year design storm event can be complemented by endof-pipe facilities.
The performance of these facilities under a range of storm
events with different frequencies may reveal that they do not
provide adequate stormwater quantity control. Therefore, it
might be necessary to retrofit existing facilities or construct
new ones. Climate change adaptation is an additional
justification for recommending retrofit and/or new end-ofpipe opportunities.

Stormwater quantity and quality control facilities:
These facilities provide stormwater quantity and quality
control benefits and they are generally proposed as new or
retrofit opportunities.
Recommendations for retrofitting existing quantity control
facilities to quantity and quality facilities generally include the
following:
Maintenance of quantity and quality ponds identified for
dredging and cleaning out

2.

Construction of previously identified end-of-pipe facilities

3.

Retrofit of ponds identified by previous studies for
increasing the removal efficiency of key pollutants (e.g.
phosphorus)

• Downstream environmental benefits including water
quality, aquatic ecology, and stream stability

Enforcing the ECA

• Land use constraints

4.

• Location within the sewershed and sewershed ID
• Facility type: above ground or underground
• Estimated storage (m3)
• Available area and storage
• Estimated cost
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• Land availability

• Topographic constraints

• Location within the study area

• Controlled land use type (e.g. residential)

Location of recommended end-of-pipe facilities: The
locations of end-of-pipe facilities should be determined
using criteria that are agreed upon amongst the municipality,
the consultant, and approval agencies. Candidate sites for
providing stormwater control are generally evaluated using
these criteria:

1.

Recommendations for stormwater quantity control facilities
should include specific information, such as:

• Controlled area (hectares)

If you do not know the condition of your ponds,
or haven’t developed a maintenance plan,
you are at risk. Sediment accumulation tends
to reduce water quality and quantity control
capacity and increases flood risk.

Reduce your risk – develop an inspection
and maintenance plan for your ponds.
A recent LSRCA study found that the effluent water quality
of stormwater management ponds deteriorates over time
due to sediment accumulation and other chemical processes
within the pond32. In this way, ponds can become sources
of phosphorus to receiving water bodies if not properly
maintained.

• Existing infrastructure constraints
• Vegetation constraints, including the presence of mature
trees and critical habitats
• Land ownership
• Storm outfall location
• Outlet location with respect to receiving waters
• Cost considerations and financial resource allotment
• Proximity to sensitive receivers
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Design basis: The design basis of an existing end-ofpipe facility is an important feature of end-of-pipe retrofit
opportunities. This information should be used to determine
recommended storage requirements for stormwater quantity
and quality facilities when converting a dry pond to a wet pond
for stormwater quantity and quality control purposes. For a
new facility, the design should be based on water quality and
quantity targets for downstream receivers.

• Future restoration measures that may be required
on streams which have not been studied in detail.
These measures are estimated based on detailed field
assessments.
• Minor restoration measures where detailed EA studies
are not likely necessary. The municipality may go straight
to design or implementation after acquiring permits from
the conservation authority.

Non-structural measures
The identification of non-structural approaches, including
programs and plans, constitutes a significant component of
the recommended plan. These measures may include:
• P2 plans and programs
• Flood forecasting and analyses programs
• Monitoring programs
• GIS and data management programs

Case Study: Mississauga Stormwater Quality
Control Strategy Update
The Mississauga Stormwater Quality Control Strategy
Update provides recommendations for existing, proposed
and new end-of-pipe facilities. Recommendations include
the construction of eight previously planned facilities, the
retrofit of six facilities (with five more listed as feasible), and
the design of seven new facilities. For more information,
see the Technical Compendium.

Restoration
As Chapter 8 identifies, restoration measures include stream
restoration, aquatic habitat enhancement, terrestrial habitat
enhancement, and day-lighting of storm sewers. Depending
on the scope of the study and availability of funding,
recommended measures for restoration may include:
• Identified restoration measures from previous studies
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Recommended P2 programs may include these activities and
programs:
• Completion of a salt management plan
Figure 10.3.5: Vegetated protection to inhibit valley toe
erosion; before (left) and after (right) (Source: Aquafor Beech)
Identifying the location for proposed restoration works
and the severity of issues at the identified areas is crucial
for the recommended plan. The plan should also take into
consideration appropriate phasing with upstream / upland
works that have the potential to change hydrologic and
hydraulic properties of the watercourse.

• Snow disposal practices
• Pool drainage
• Erosion and sediment control
• Creation of cross connection control program
• Public education
• Business education
• Yellow fish road program

The City of Hamilton Watercourse Erosion Assessment Study
identified 30 individual stream restoration projects across
the municipality. For more information, see the technical
compendium.
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Salt management plans are particularly important, and may
include managing:
• Winter road salt storage and application on private lands
that include parking lots and public access
• Salt content in effluent from municipal water pollution
control plant
• Winter road salt storage and application on residential
parcels
• Potential salt loadings in private sewage disposal
systems, including use of water softeners
Flood forecasting and analyses programs can primarily
complement stormwater quantity control efforts, especially
relating to climate change adaptation, risk assessment, and
asset management level of service.
Salt monitoring programs are essential for evaluating the
storage, transport, and fate of salt released from salt storage
sites, road salt application, and snow disposal sites.
GIS and data management programs are pivotal for complex
sewer systems such as combined sewer systems and
combined sewer overflows. These programs offer effective
tools and techniques that provide trustworthy information
for characterizing the study area, investigating impact of
development and other stressors, and recommending a
stormwater management strategy that is adequate, adaptive,
and progressive.
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Figure 10.3.6: This mapping from the CVC’s Headwaters Subwatershed Study Phase III – Implementation Plan shows areas
where LID opportunities exists along with wellhead protection areas, municipal boundaries, and the watershed boundary. Similar
GIS-based mapping should be generated during the development of the Recommended Plan to help identify implementation
opportunities within your municipality. (Source: CVC)

Grey to Green Enhanced Stormwater Master Planning

10.3.2 Recommended plan mapping
GIS-based mapping
The mapping of the preferred alternative using GIS
resources and related databases is a key step in forming
the recommended plan. All components of the preferred
alternative should be illustrated in a set of drawings and
maps. Together, they will constitute a roadmap.
The recommended plan mapping should be based on
a landscape-based approach in which treatment train
measures, including source controls, conveyance controls,
and end-of-pipe controls (MOE, 2003) are integrated to
illustrate how the stormwater management system behaves
as one system from the source to the end of pipe and to the
ultimate receiver.
Recent stormwater master plans developed by municipalities
within the LSRCA’s jurisdiction have used GIS-based mapping
to illustrate opportunities for source controls, conveyance
controls, and end-of-pipe facilities in accordance with
recommendations in the Comprehensive Stormwater
Management Master Plan Guidelines produced by LSRCA.
Some examples are provided in the technical compendium.
Similar mapping exercises can be used to provide the basis
for recommending stormwater management strategies in
specific areas within municipal boundaries. In this approach,
GIS data is used to highlight opportunities based on soils
infiltration capacity, land use type, imperviousness, proximity
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to watercourses, and ecological corridors and linkages.
Figure 10.3.6 illustrates GIS-based mapping generated for
the recommended plan component of CVC’s Headwaters
Subwatershed Study Phase III – Implementation Plan.

10.3.3 Demonstration and conceptualization
material
Demonstration material and conceptual maps provide source
material that can be used in rendering planned stormwater
management measures – especially LID measures, which
need to be aesthetically pleasing since they are generally
implemented on private properties.

The Region of Peel has endorsed a water efficiency strategy
that comes from an overarching program called Water
Smart Peel. These are the program’s main objectives:
• To provide information on water use to residents and
businesses
• To encourage water efficient practices through
incentives
• To reduce individual daily water consumption by 10%
by 2015

Case Study: Fusion Landscaping®
The Fusion Garden concept that the Region of Peel promotes
is one of several examples of how demonstration material
helps explain the value of implementing LID measures.

Figure 10.3.7: Example sketch of fusion garden (Source:
Region of Peel)

Figure 10.3.8: Before and after pictures of source control
measures applied in residential areas within the City of
Mississauga (Source: Aquafor Beech)
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Fusion Landscaping® is one component of the Water Smart
Peel program. It is an innovative trend in landscaping and
garden design that includes landscape aesthetic appeal.
Fusion Landscaping® brings together landscape aesthetic
appealing and eco-friendly plants to achieve these main
objectives:
• Reflect a healthy balance of pleasing aesthetics and
functional space.
• Maintain and conserve water (e.g. applying techniques
such as rain gardens and pervious pavement).
• Enhance biodiversity and provide shelter for birds.

10.3.4 Objectives and targets
The project team should regularly cross-reference the
recommended plan with objectives and targets, and, where
possible, include references in tables and demonstration
figures for how the components are linked.
For example, be sure to link retrofitting end-of-pipe facilities or
the implementation of previously planned end-of-pipe facilities
to a target such as planned pollutant removal. Accordingly,
the increase in pollutant removal should be highlighted under
each component of the recommended plan.
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Stormwater master plans
within the Lake Simcoe
watershed are prepared
based on an objective to
decrease total phosphorus
load from 72 tonnes/year
to 44 tonnes/year. LSRCA
requested that these
master plans provide
stormwater management
measures, including LID
techniques, to achieve this
target.

Where level of service goals such as pipe capacity and flood
protection relate closely to defined infrastructure targets, they
should be identified in the recommended plan. As stated in
Chapter 7, the level of service may differ across a municipality
due to budget constraints and technical limitations.

10.3.5 Constraints and opportunities
The recommended plan should provide clear direction on the
constraints and opportunities of stormwater management
and LID measures. Constraints that may inhibit or limit the
implementation of the recommended plan include, but are not
limited to:
1.
2.
3.
4.
5.
6.
7.

WHPAs
Special Policy Areas
Soils
Environmental regulatory requirements
Official plan policies and local standards
Age and condition of infrastructure
Age and type of development

Wellhead Protection Areas
Mapping of WHPAs is essential for infiltration-based measures,
where infiltrating stormwater is promoted through permeable
soils and vegetative cover. Accordingly, project teams should
carefully examine the recommendation of measures that
include infiltration to the ground due to the vulnerability of
groundwater to contamination.

Grey to Green Enhanced Stormwater Master Planning

To facilitate the implementation of infiltration-based
stormwater management measures and promote groundwater
recharge within areas with constraints, the project team can
break down stormwater management for infiltration purposes
into categories that depend on the source of stormwater,
water quality and the suitability for infiltration. Classifying
LID infiltration measures based on the source of stormwater
provides a reasonable and scientific approach to designating
areas of infiltration or no infiltration within new development
and redevelopment areas.
The recommended plan measures can be mapped under to
two categories:
1.
2.

Infiltration-based LID measures within WHPAs

technical studies and are subject to public process and review
by the Province.
Recommendations that deal with infiltrating stormwater or
retrofitting on-line ponds can be discussed within this context.
For example, in some areas of the province, stormwater
management quality and quantity facilities must be located
outside of the flood plain except as provided in the flood
fringe above the 1-in-100-year storm event level under the
establishment of a Two Zone Concept or Special Policy Area.

Soils
As part of characterizing the study area (Chapter 6), soils and
surficial geology maps should provide direction concerning
the optimal locations for infiltration-based measures.

Infiltration-based LID measures outside WHPAs

CVC’s Headwaters Subwatershed Study Phase III –
Implementation Plan is an example of a study with
recommendations that considered WHPAs. See the technical
compendium for more information.

Special Policy Areas
as the project team should discuss Special Policy Areas with
the municipality at the onset of the study. The team should
review key environmental features and functions in light of
technical and planning documents that cover these areas.
Special policy areas are identified and delineated by detailed
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The recommended plan should discuss infiltrating and
filtrating within areas with poorly drained and well-drained
soils for improving stormwater quantity and quality.
Filtration using underdrain pipes has proven to be an
effective LID measure in poor soil conditions. Increasing initial
abstraction and routing to pervious areas at the source could
achieve great results concerning reducing surface runoff
volume and improving water quality.

Figure 10.3.9: The Lakeview Neighbour LID Project in the
City of Mississauga used underdrain pipes (Source: CVC)

Environmental regulatory requirements
In some cases, regulatory requirements may impose
restrictions in terms of specific water quantity and quality
demands. For example, the Species at Risk Act is a key
federal government commitment to prevent wildlife species
from becoming extinct and secure the necessary actions
for their recovery. The Act provides for the legal protection
of wildlife species and the conservation of their biological
diversity. For example, Redside Dace, which is listed under
the Species at Risk Act, prefers temperatures of less than
24°C and a dissolved oxygen of at least 7 mg/L. Discharging
effluent from a conventional end-of-pipe facility to Redside
Dace habitat is unwise as the effluent does not meet these
habitat requirements.
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Case Study: Region of Halton
In the Regional Municipality of Halton, concerns about
water quality and thermal impacts, as well as base flow
contributions related to the road widening and culvert
replacement in the provincially protected watercourse,
were primary drivers for implementing a bioretention facility
adjacent to Redside Dace habitat.

relevant environmental agencies and organizations should
facilitate an integrated policy decision-making process.
Moreover, in some circumstances, local engineering standards
may be outdated and not aligned with current science and
technology. Therefore, the recommended plan may include
a review and a set of recommendations to improve existing
engineering standards and analytical tools.

10.3.5 Effectiveness of the preferred
alternative
A description of the preferred alternative’s effectiveness
will include the planned improvements or benefits of the
recommend plan, and is generally accompanied by indicators
such as volume (mm), loading (tonnes/year), and controlled
area (% of study area controlled by stormwater management
measures), as well as:
Figure 10.3.10: Bioretention facility in Regional Municipality
of Halton (Source: Region of Halton)

• Reduction in surface runoff volume
• Reduction in stream erosion potential

Official plan policies and local standards
In some cases, local policies, regulations and by-laws may
limit the recommendation of stormwater management
solutions, especially innovative LID techniques. By-laws may
prohibit reduced grading, non-traditional plantings, and rerouting of drainage away from storm sewers. In these cases,
the municipality and its departments, the consultant, and
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• Reduction in flooding potential
• Reduction in pollutant loading
• Reduction in imperviousness
• Increase in vegetation and naturalization cover.

One of the examples of describing the effectiveness of the
preferred alternative relates to the identification of phosphorus
reduction techniques consistent with the direction contained in
the Phosphorus Reduction Strategy developed in accordance
with Policy 4.24 of the Lake Simcoe Protection Plan (LSPP).
The LSPP intends to decrease total phosphorus (TP) loading
to Lake Simcoe from 72 tonnes/year to 44 tonnes/year.
Accordingly, the description of the recommended stormwater
management measures, including LID techniques, should
explain how much TP they would remove. Providing this
information for each municipality would lead to quantifying
the gap between current (72 tonnes/year) and satisfactory
loading (44 tonnes/year).

Source control effectiveness
The effectiveness of source control measures in achieving
municipal and environmental goals and targets primarily
depend on the uptake rate (i.e. participation rate) within
the study area, which in turn depends on social awareness/
acceptance and physical constraints, such as soil conditions.
The City of Toronto Wet Weather Flow Management Study
proposed two categories of uptake rates:
1.

Voluntary percent uptake

2.

Enhanced percent uptake
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The percent uptakes are generally defined based on prior
experience of the municipality, community surveys, technical
feasibility, implementation considerations, and discussions
with the municipality.

An increase in the catchment area of a municipality that has
water quality control, erosion control, and/or flood control
is a quantifiable improvement. Modelling can also be used
to demonstrate the loading reductions of key water quality
parameters such as TSS, phosphorus and chloride.

Conveyance control effectiveness
Effectiveness of conveyance control measures mostly depend
on surface runoff reduction (mm) and pollutant reduction
(%) within the context of road construction, reconstruction,
and resurfacing. The City of Mississauga Stormwater Quality
Strategy proposed a decision support system to assist
practitioners with ways to design and implement conveyance
control measures within different ROW configurations
(e.g. with or without boulevards). The effectiveness of each
configuration can be linked to drainage areas, LID area, and
exfiltration vs. filtration techniques.

Case Study: Mississauga Stormwater Quality
Control Strategy Update
Figure 10.3.10 describes the improvement in stormwater
quality control in the City of Mississauga due to
implementing:
• Seven previously planned stormwater management
ponds
• Two existing stormwater management facilities
• Three stormwater management retrofit opportunities

One of the metrics that can be used to assess the effectiveness
of conveyance control measures in controlling stormwater
quality is the removal efficiency per linear kilometer per
year. Accordingly, unitary loadings of phosphorus and TSS
are calculated in kg/km/year for existing conditions (no
stormwater management retrofit) and controlled conditions
(using a conveyance control measure).

End-of-pipe control effectiveness

• Seven new stormwater management opportunities
Following the implementation of the recommended plan,
29% of the city’s urban area will receive stormwater quality
treatment, which is a considerable increase from the
current 17% of the total urban area.
Figure 10.3.11: Increasing the stormwater management
controlled area to improve stormwater quality management
within the City of Mississauga (Source: City of Mississauga

Increasing the controlled area is a means of describing an
improvement that the recommended plan would propose.
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Combined sewer separation effectiveness

Source control measures

Another measure of effectiveness in areas with combined
sewer systems is the ability meet MOECC F-5-5 criteria
(defines treatment requirements for municipal and private
combined and partially separated sewers) and/or the
percentage of storm sewer separated from combined sewer
systems based on the recommended plan.

Implementing the social marketing strategy includes costs for
the marketing campaign, production of materials and up-front
costs to construct projects on a select number of properties.

The percentage of separated sewers will also depend on
location of separation. In the City of Toronto Wet Weather Flow
Management Study, separation schemes included:
• Sewer separation in basement flooding areas
• Partial road sewer separation
• Complete road sewer separation
• Complete sewer separation in all areas

10.3.7 Cost
End-of-pipe measures
The cost for implementing end-of-pipe facilities is primarily
linked to how they are prioritized and how the municipality can
use its allocated funding as efficiently as possible to ensure
the largest possible net benefit.
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Conveyance control measures
The most cost-effective means of implementing conveyance
control measures in the municipal ROW is to complete the
construction concurrently with municipal road works projects.
For the purpose of this cost comparison, road reconstruction
is defined as converting a rural cross-section roadway
into an urban cross-section and include the installation of
storm sewers, complete base and asphalt replacement,
concrete curb placement, sub-drains under curbs, catch
basin placement, etc. The typical estimated cost of road
reconstructions is approximately $325 per m2 and includes
a 20% contingency.
Alternatively, the cost of roadway resurfacing is defined. It
includes grinding the base and top asphaltic compound to
nominal depth of 80-90mm from the existing road surface and
allowing for 30% spot base repair where required, repairing
or replacing concrete curb (if more than 45% of curbing is
deficient it is cheaper to replace all with machines rather
than hand repair), installing sub-drains, repairing concrete
sidewalk if required, adjusting and replacing driveway aprons,
and sodding. The typical estimated cost of road resurfacing is
approximately $65 per m2 and includes a 20% contingency.

Additional costs associated with bioretention and bioswales
are generally offset by savings in these places:
• Traditional storm sewer ($100-120/m2) required as part
of the road works
• End-of-pipe infrastructure required to provide equivalent
water quality control for the collected drainage area
(wet ponds, wetland and or underground end-of-pipe
facilities) at the end of the drainage system.
Further information including costing of ESWM-MP elements
is provided in the technical compendium. CVC’s series of four
Grey to Green LID Retrofit Guides also provides information on
costing LID retrofit projects.

10.4 Land development and growth
management
The recommended plan should follow a landscape-based
approach where landscape patterns, features, and functions,
including natural and urban units, are examined within an
integrated framework. Areas with shared characteristics can
be grouped into distinct management units.
The project team should map and summarize existing
and future land use types (Chapter 6) for the purpose of
developing areas where specific stormwater management
measures are identified and proposed based on development
type, stage, and location.
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In this section, these development types are discussed:
• New development
• Redevelopment and intensification areas

10.4.1 New development
New developments should apply source, conveyance, and
end-of-pipe controls as part of a treatment train approach to
stormwater management.
In general, the application of LID source and conveyance
controls and end-of-pipe facilities within new developments
should be done in accordance with the recommended plan and
relevant guidelines that include the MOE’s 2003 Stormwater
Management Planning and Design Manual as well as LID
manuals prepared by conservation authorities within Ontario.
Opportunities to implement the recommended plan within
new development areas depend on the planning stage of sites
within the municipality. Depending on the scope of the project,
ESWM-MPs may provide clear direction (type, size, location) of
stormwater management measures for new areas. The value
of incorporating new development into the recommended plan
depends on how far the development has progressed through
the planning process. For new development that has not
started the planning process, it will likely require less effort to
incorporate recommendations from the ESWM-MP. It may be
more difficult to incorporate significant changes to the layout
or stormwater management system of a new development
that has been registered or has been draft approved.
Grey to Green Enhanced Stormwater Master Planning

Case Study: Town of Aurora
As part of the Town of Aurora Comprehensive Stormwater
Management Plan, the mapping of five new development
areas from the Town’s Official Plan was essential to
determine the effectiveness of using the treatment train
approach (source control, conveyance control, and endof-pipe control measures) in removing phosphorus and
other pollutants from non-point sources within future land
use areas within the Town of Aurora. See the technical
compendium for additional information on this case study.

10.4.2 Redevelopment and intensification
areas

• Sites have constraints on available open space
• Land costs often limit stormwater management options
• Typically there is limited flexibility to manipulate
topography since grades around the perimeter of the site
are fixed
• Service infrastructure around the site, including
stormwater conveyance systems, is typically fixed in
terms of location, depth and capacity
• Other service infrastructure beneath and around the site
may limit potential excavation depths and opportunities
for infiltration.

Case Study: City of Guelph Stormwater Master Plan
Urban intensification associated with future re-development
pressures have the potential to add additional demands to
existing stormwater conveyance and treatment systems.
Redevelopment projects can range in size from a single lot
to the complete redevelopment of significantly larger areas.
Many forms of redevelopment can be more intensive than
previous uses and have higher levels of imperviousness (e.g.
more pavement), runoff rates, and contaminant loading per
unit of area. These effects are exacerbated when the proposed
redevelopment sites are located in older development areas
built before municipalities recognized the need for stormwater
controls.

Many municipalities in Ontario are expecting a considerable
increase in population in the next 20 years. In the case of
the City of Guelph Stormwater Master Plan, planning staff
provided details regarding the City’s Growth Management
Strategy to enhance a recommended plan. Areas of
infill and intensification to accommodate an increase of
population from 115,000 to 175,000 included:
• Existing vacant land
• Intensification sites that were considered underused; a
• Redevelopment sites that may require
rezoning/re-designation.

Redevelopment projects generally present the most complex
challenges with respect to integrating solutions for stormwater
management for these reasons:
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While the previous chapters outlined the approach for
selecting the recommended plan, this chapter describes the
necessary elements of an ESWM-MP Implementation plan.
Although individual implementation considerations are
discussed separately in the subsequent sections, it is
important to note that they are interrelated. Individual actions,
requirements, or tasks may be approached in isolation, but in
many cases, greater efficiency can be achieved when the plan
is examined as a whole.

Don’t let your ESWMMP become an expensive
paperweight. Create a plan
to guide its implementation.
This chapter outlines the activities that will ensure successful
implementation of your ESWM-MP.

11.1 Purpose
The successful completion of the ESWM-MP involves
developing a practical strategy that will ensure that these
measures can be implemented and are financially sustainable.
The implementation plan will include a prioritization strategy
that outlines the most effective manner for implementing the
recommended plan.
The objective of the implementation plan is to outline the
general steps required to implement each component of the
recommended plan.
Consultation with municipal staff completed during the
ESWM-MP process will identify the municipality’s capital
resources and inform the prioritization strategy.

Grey to Green Enhanced Stormwater Master Planning

143

Table 11.2.1: Key Implementation considerations and description.
Key Next Steps

Steps to continue an existing measure or to kick start a new program, such as the identification of
demonstration project opportunities.

Future Studies

Any future studies that will be required to implement each type of measure that constitutes the recommended
approach.

Policy, By-law or
Design Standards and
Considerations

Existing or proposed policies and/or standards that need to be reviewed or updated and have been
recommended or developed as part of the ESWM-MP. Resulting implication are also discussed.

Facilitator and
Contributors

The party responsible for implementing the measure, or the agency(ies) or group(s) that will assist in
implementing the measure by providing support in any number of ways (e.g. funding, labour, materials, technical
expertise).

Mechanisms for
Implementation

Methods by which the recommended strategy will be implemented, whether voluntary or mandatory, incentive
based or prescriptive.

Development
Requirements

Outlines the requirements of future new development, infill-development, and redevelopments.

Cost

• Successful implementation will not only depend upon the
development community, municipality, and agencies, but
may also require the support of residents.

Total costs for the proposed period of the program, unit cost to implement recommend works and/or life-cycle
costs including staffing requirements, education and training requirements, and technical resources internal and
external to the municipality.

Funding

General funding alternatives that were considered.
General timeframe for implementation of specific steps, projects, studies and the preferred strategy in general.

• Most implementation plans serve as a starting point.
Additional studies may have to be undertaken in order to
implement certain components.

Timeframe for
Implementation
Municipal Program
Integration

How the recommended approach integrates with existing municipal programs.

Prioritization

The order in which the recommended projects are to be implemented to best achieve goals, objectives, and
targets.

Asset Management

How the recommended strategy cost and implementation timeframes are integrated into a previously
established asset management plan or are used to develop a new asset management plan.

Operations and
Maintenance

Operation and maintenance activities, approaches, and costs associated with the implementation of the
proposed measures.

Monitoring

Mechanism by which the expected benefit can be quantified or assessed including the assessment interval,
structure and adaptive management processes.

Recommendations

A succinct set of recommendations originating from the ESWM-MP process which are to be presented to
Committees of Council for consideration and adaption.

11.2 Overview
In preparing an implementation plan, the project team should
acknowledge these key concepts:
• The plan must be flexible. Techniques and approaches
will change as the knowledge base advances. Future
studies will refine the findings from your ESWM-MP
study. Finally, the natural environment is not a static
system.
• Implementation must be consistent with the other
municipal programs, policies, and standards; and
recognize existing and proposed land uses.

Table 11.2.1 provides key considerations within the
implementation plan for each component of the recommended
approach. The subsequent section will provide additional
detail and can be used a guide (or a table of contents) to
develop your ESWM-MP implementation plan.
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11.3 Description the recommended
plan
As the implementation plan is often the most-used chapter in
an ESWM-MP, it is a good idea to include the recommended
plan so sure the user clearly understands it before providing
guidance on its implementation. Consider including these
items:
• A summary of each element of the recommended plan
• How the plan satisfies project objectives and achieves
targets
• Details on the key elements of the recommended plan

The implementation plan
is always the most-used
chapter of your ESWM-MP.
Be sure to include all of the
necessary information in
one place.
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11.4 Key next steps
The key next steps section provides a sequential list of tasks
required by the municipality, its partners, stakeholders or
community to implement each element of the recommended
plan. Consider this section as a checklist that, when fully
complete, will allow for implementation of the ESWM-MP.

web-based resources. One example is training municipal
staff responsible for approvals, inspections and operation and
maintenance activities.

Demonstration projects

Key next steps may include some or all of the following
activities.

Identify demonstration project opportunities that exist within
the municipality. Often linked to community engagement
and educational activities, demonstration projects help the
municipality:

Community engagement

• Test novel techniques or technologies in a low risk
environment.

List all community consultation requirements beyond those
typically undertaken as part of future EA processes or
pre-construction activities. Community consultation and
engagement may be required to determine the level of
support and collect feedback for preferred approaches in
specific neighbourhoods or specific land-uses.. In addition,
it is often necessary to engage the community if residents or
site users are not familiar with the recommended approaches.
Community consultation and engagement activities are often
combined with educational objectives.

Education
Educational activities can be integrated with community
engagement activities but can also include education for
municipal staff, agencies, residents and/or politicians. These
activities may include workshops, education material, and

• Identify and resolve policy and by-law conflicts.
• Allow municipal staff to relax current standards without
fear of precedent.
• Enable standards to be tested using innovative
approaches on a site-level rather than municipal scale,
thereby reducing the associated risks.
Candidate demonstration projects often:
• Resolve an existing issue such as poor drainage,
flooding, water quality issues, poor aesthetics, or public
safety issues.
• Possess limited technical barriers to implementation
based on initial screening.
• Have a high profile within the community.
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• Are of a manageable project scale and cost.
• Provide an opportunity to involve residents, community
groups, and/or agencies.
• Incorporate an educational/awareness component.
Communication with the community to convey the project
goals and objectives and explain the project rationale is a
must. The project team should welcome community feedback
and integrate it into the project objectives. This feedback
process help determine the level of community acceptance,
and it will help the project team solicit input in these areas:
• Community perception of overall project objectives (e.g.
water quality, improved conveyance, flood prevention,
environmental protection, aesthetics, integration with
existing infrastructure)
• Community perception of overall project criteria (e.g.
cost, the ability to meet the objectives, public safety,
aesthetics)
• Community acceptance for individual design elements
(e.g. alternative sidewalk and trail surface materials
and types of vegetation) as well as requirements
and suggestions for additional design elements (e.g.
sidewalks, curbs, interpretive signage, and benches)
• General willingness to be involved in the process and
project through continued input, ongoing maintenance of
implemented techniques, and overall level of ownership
of the project.

A successful demonstration project will always require
meetings and discussion with municipal staff and agencies
from various departments to determine support and identify
barriers. Meetings to discuss preliminary and conceptual
design with various departments, such as Engineering,
Transportation, Parks, Operations and Maintenance,
Environmental Services and/or Capital Works, will help the
project team identify conflicts with municipal standards,
safety objectives and by-law conflicts. Additional consultation
may be required with regard to fire safety and access, winter
operations and maintenance requirements, and public entity
requirements (e.g., school boards).
Demonstration projects provide staff with first-hand knowledge
and an avenue for inter-departmental collaboration of ideas
and concerns. Regular communication and negotiation
between municipal staff and departments can help resolve
by-law and policy conflicts that occurs during construction
and implementation.
It is strongly recommended that all demonstration projects
include construction supervision and administration services
provided by members of the multidisciplinary design team
who have previous experience in such activities. These
services provide an opportunity to share knowledge, support
a stepwise progression to implementing broader programs,
and can help the project team avoid costly oversights during
tender and construction.

Review of external materials and programs
In some circumstances, other jurisdictions or neighbouring
municipalities might have materials and/or programs that
could support your recommended approach. In these cases,
the project team can conduct a critical review to determine if
the materials can be adopted at face value, if minor revisions
are required, or if the materials are not well suited for the
project.

Don’t reinvent the wheel.
Use existing materials to
help you achieve your goals.
Identification of partners
Identifying potential project partners for either demonstration
projects or other components of your recommended plan
can be beneficial. Generally, potential partners have common
goals within their mandates or strategic plans that align with
the objectives of your ESWM-MP. Partners can include:
• Higher levels of government: federal, provincial, or
regional
• Public entities: colleges, universities, school boards, or
places of worship
• Local or regional businesses
• Community or environmental groups
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Assessment and tracking systems

and project delays.

Developing an assessment and tracking system can help the
project team:

• Individual Class EA studies. Include the:

Detailed design
• Gauge the benefits of the recommended approach.
• Measure uptake or adoption rates.
• Track operation and maintenance activities, including
staffing levels, effort, and equipment needs to better
forecast future requirements and costs.
Results can be used as part of an adaptive management
strategy, and the collected information can be used to inform
future management.

Identify those individual projects, having satisfied the
necessary legislative requirements within the Class EA Master
Plans process, which may proceed directly to detailed design.
Consider including an estimated design schedule for each
project and whether the projects are best completed as one
project or in a phased approach. Detailed design will help
the project team better understand the number of design
contracts required, project management and staffing loads,
administrative requirements, and process workflow.

An ESWM-MP will involve federal, provincial, regional,
watershed or Crown agencies whose mandate or policies
might intersect with the specific projects of the recommended
approach. These mandates or policies can include source
water protection, watershed regulation, environmental
compliance, species at risk, fisheries protection, transportation
and navigation, and energy distribution.
In each case, it is important to identify specific projects or
components of the recommended approach that will require
consultation and approvals prior to implementation. Failing to
properly identify the consultation and approvals requirements
can result in higher implementation costs, project redesigns,

Grey to Green Enhanced Stormwater Master Planning

○○ Project name and location
○○ Applicable Class EA schedule (A, A+, B and C)
○○ Typical costs
• Hydraulic and hydrologic studies
• Hydrogeological, geotechnical or in-situ infiltration testing
• Marketing research studies to identify approaches to
encourage uptake of voluntary programs
• O&M and infrastructure studies, including:

Land acquisition
Agency consultation

In general, future studies may include:

To implement some projects in the recommended approach,
it might be necessary to acquire lands from private or public
ownership. It is important to identify physical land acquisition
requirements as well as the preferred approach to obtaining
the land, which could include land exchanges, land purchases,
expropriation, or voluntary expropriation.

11.5 Future studies
Develop a list and description of all future studies required
to implement a specific project or type of measure which
constitutes the recommended strategy. Depending on the
scope of your ESWM-MP, future study requirements may vary.

○○ Inspection reports analysis
○○ Bathymetric studies
○○ Sediment quality studies
○○ Performance and capacity studies
○○ Smoke testing and CCTV
• Natural heritage system inventory and impact
assessments
• Receiving stream habitat and geomorphic conditions
studies
• Botanical, wildlife and aquatic studies including species
at risk screening and assessments
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• Financing studies such as:
○○ Development charges
○○ Stormwater rate or utility studies
• Monitoring studies including:
○○ Water quality studies
○○ Inflow and infiltration (I/I) studies
○○ Flow monitoring studies
○○ Cross connection studies
• Assimilative capacity studies
• Flooding studies: riverine and/or residential
• Data management and database studies

○○ Strategies to maintain and improve municipal
services

Information from your ESWMMP may be incorporated into
a future Municipal Water
Sustainability Plan.
11.6 Policy, by-laws, and standards
These sections describe key tasks related to policy
development, by-laws, and standards.

• Spill management studies
• Salt management studies
• Municipal Water Sustainability Plan - per the
requirements of the Water Opportunities Act, 2010 and
subject to future regulations, may include:
○○ Asset management plan

Policy-related tasks for municipalities that have
completed a less-detailed ESWM-MP due to
budget, staffing, and resources constraints are
generally limited to review of policy, by-laws,
and standards.

○○ Financial plan
○○ Water conservation plan
○○ Assessment of risks (e.g. regulations,
climate change)
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Policy development
Policy development resulting from the completion of an
ESWM-MP is a key deliverable; however, the level of effort
and the end product will be dictated by the plan’s scope.

Municipalities with limited budgets, staffing, and resources
sometimes complete a less-detailed ESWM-MP. For these
municipalities, policy development tasks may be limited to the
review and summary of existing municipal policies in order to:
• Identify municipal policies which do not adequately
capture and/or represent key federal, provincial, regional
and local policies, guidelines, and regulations.
• Identify existing municipal policies which have the
potential to result in unnecessary risk and liability for the
municipality.
For municipalities that have completed a more detailed
ESWM-MP, policy development tasks would generally include
a review and summary of existing municipal policies, as well
as a framework for municipal staff to undertake future policy
development, including:
• Identification of existing policies or portions thereof that:
○○ Conflict with the recommendations of the ESWMMP or the recommended approach
○○ Create a barrier to implementation of the
recommended plan
• Identification of interrelationships and interdependencies
between existing policies
• Grouping of existing policies which are recommended
for concurrent amendment and or revision to increase
efficiency and reduce oversights
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By-laws
Like policy development, it is equally important to perform
similar tasks for existing municipal by-laws. By-laws are
established by a municipality to regulate itself and are
generally enforced a complaint basis. As such, new policies
or amendments should be reflected within the appropriate
by-law(s) to ensure that they are accommodated or enforced.

By-law topics that can be reviewed as part
of ESWM-MPs typically include, but are not
limited to:
• Property standards
• Lot grading control
• Sewer use
• Noxious weed and tall grass
• Soil preservation
• Infill and re-development
• Boulevard planting
• Standing water
• Encroachment
• Tree preservation

Typical tasks include:
• Identification of existing by-laws or portions thereof that:
○○ Conflict with the recommendations of the ESWMMP or the recommended approach
○○ Create a barrier to implementation of the
recommended approach
• Description of the specific issues within the by-law

• Operations and maintenance manuals
• Inspections and response standards
• Landscape manuals
• Level of service standards

• Development of a plan and direction for municipal staff
to move forward
In general, a project team should consult with municipal
stakeholders, such as environment advisory committees
(EACs) and others, regarding by-law amendments. All bylaw(s) or amendments should then come before municipal
council.

Standards
The recommendations of the ESWM-MP or the recommended
approach have the potential to impact existing municipal
engineering, operation and maintenance, and development
standards.
It is important to review standards to define their
appropriateness with respect to the recommendations of the
ESWM-MP.
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In addition, an ESWM-MP may result in recommendations
for the development of new standards, manuals, and or
guidelines. They can include:

Figure 11.6.1: Following the completion of the City of
Hamilton’s SWM-MP, two standards documents were created:
an operations and maintenance manual and a landscape
design guideline for stormwater management facilities.
(Source: Aquafor Beech & Schollen & Company)
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11.7 Facilitators and contributors
This section of the implementation plan should define the
parties that will assist in implementing the measures of the
recommended plan by providing support in any number of
ways, including funding, labour, materials and resources, as
well as technical expertise.

direction with respect to whether elements of the
recommended plan are:
• Voluntary or mandatory
• Incentive-based or prescriptive
• Integrated within existing municipal, regional or provincial
programs

Potential facilitators and contributors can include:
• Federal, provincial, or regional governments

The mechanism for implementation will be closely aligned
with policy, by-laws, and standards review and development.

Voluntary or mandatory implementation
Many recommendations outlined in an ESWM-MP relate to
implementation strategies on private properties. Property
owners will have to implement management strategies
within residential, commercial and industrial land uses.
Implementation on these properties can be voluntary or
mandatory.
Table 11.8.1 compares voluntary and mandatory
implementation strategies for private properties.

• Agencies including watershed conservation authorities
• Local ratepayers associations

Table 11.8.1: Items to consider when selecting mandatory and voluntary implementation mechanisms.

• Local clubs, groups and or environmental organizations

Voluntary

Mandatory

• Public entities: colleges, universities, schools, and places
of worship

Approach
Requirement

Requires a marketing strategy

• Granting agencies, charities, and private corporations.

Pros

Early implementers can build momentum. Ensures full adoption of recommended strategies. Can be
Program costs reduce over time.
easily tracked.

Generally, facilitators and contributors will have elements
within their mandates or strategic plans that align with the
objectives of your ESWM-MP.

Cons

Full adoption is difficult to achieve.

Property owners may be critical of adoption due to
implementation costs.

Helpful Resources

Neighbourhood groups, business
associations, environmental groups

Review of similar policies in other municipalities

11.8 Mechanism for implementation

Successful BMP
examples

Rain Gardens, Bioretention Facilities and
landscape alternatives.

Pollution prevention, prefabricated stormwater modules,
onsite flood detention, and infiltration requirements for new
development.

This section details the methods by which the recommended
strategy will be implemented. The section should provide
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Requires new or updated by-laws and policies
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Incentive based or prescriptive
Both voluntary and mandatory implementation approaches
can be incentive-based or prescriptive.
Voluntary programs such as stormwater management credit
systems are often incentive-based. One example is the City of
Kitchener’s Stormwater Credit Program, which offers a 20%
and 45% residential rebate on the municipal stormwater utility.
The three-tiered range reflects the total rainwater volume
captured. A similar incentive is offered to the non-residential
property owners who receive rebates based on stormwater
quantity control, quality treatment, and education programs.
Incentives can also be offered on mandatory programs. For
example, new developments may be required to provide
a specific level of quality control or infiltration volume. The
municipality might provide incentives for developers that go
above and beyond the minimum requirement. Incentives may
be expedited review or direct financial incentives, such as
reduced review fee or municipal tax incentives.
Prescriptive approaches are more common for mandatory
programs in which by-laws or planning policies can outline
specific onsite management strategies.

municipal, regional, and provincial programs. The project
team should identify existing programs that use resources
needed for ESWM-MP components so synergies with existing
programs can be used to save time and money during the
implementation stage.

11.9 Development requirements
This section of the implementation plan should clearly
outline the requirements for new development, future infilldevelopment, and redevelopments within the municipal
boundaries. This section should include:
• Additional study requirements
• Special policy considerations
• Infrastructure improvements required to service the
development
• Retrofits of existing urban areas required to off-set the
development impacts
• New infrastructure requirements to service the
development

• Stream and habitat restoration requirements
• Sewer separation requirements
• Private well decommissioning requirements
• Financial contributions to off-site initiatives and programs
intended to off-set development related impacts

11.10 Costs
This section is one of the most important parts of the
implementation plan. The section is necessary to ensure that
the recommended plan can be implemented in a financially
sustainable manner. This section can include all or some of
these costs:
• Total costs
• Unit costs
• Life-cycle costs
• Staffing requirements
• Education and training requirements
• Technical resource costs

• Flood control requirements

Integrated within existing municipal, regional or
provincial programs
At this stage of ESWM-MP development, the project team
should have completed a thorough review of existing
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• Water quality control targets
• Water balance (infiltration) targets
• Erosion control targets

Total costs
Include all project related costs to implement the
recommended approach. This section can include total costs
over the proposed period of the implementation timeframe
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(i.e. 10-15 years) or for the completion of all identified
projects within the ESWM-MP. The section should include
all costs related to future studies, permitting and approvals,
outside consultant fees, design and construction, and must
include the internal cost to the municipality including staffing,
education and training, and technical resources.

associated with land acquisition, ongoing utility or energy
fees, and sampling and analysis.
Together, the direct and indirect costs will give you the total
life-cycle costs. Like unit costs, total life-cycle costs are also
used to prioritize individual projects or approaches.

Education and training requirements
Include all ESWM-MP costs related to education and training
for both municipal staff and the community.

Municipal staff training
Consider the need and costs associated with specific training
of municipal staff responsible for:

Unit costs

Staffing requirements

The unit cost is the cost to implement the recommended plan
for individual projects and general costs per unit of measure
(e.g. cost/m3, cost/linear m, cost/ha).

Municipal staffing requirements can represent a significant
long-term cost to the municipality. A lack of appropriate
capacity, on the other hand, may impede implementation.
Consider the staffing needs to efficiently execute the
recommend approach, specifically:

• Database management

• Full-time employee (FTE)

• Inspections

• Part-time employee (PTE)

• Operation and maintenance

• Contract employee (CE)

• Compliance and/or performance monitoring

Consider existing staffing levels and assess future
requirements to manage new programs, undertake education
or training, review applications and issue permits, perform
critical reviews, undertake future studies, and oversee
individual construction projects.

General education through workshops, seminars, conferences
and/or course work (in-class or web-based) may also be
warranted, particularly for innovative stormwater management
techniques (e.g. LID) that may comprise a portion of the
recommend approach, and to which municipal staff may have
previously had limited experience or exposure.

While individual project costs are useful for budgeting
forecasting and implementation timeframes, unit costs are
essential for municipalities to assess project opportunities,
which may evolve in the future and outside of the ESWMMP. Unit costs are also used to prioritize individual projects
or approaches.

Life-cycle costs
A comprehensive analysis of project life-cycle costs considers
all stages of a project from planning through removal.
Direct life-cycle costs include capital expenditures for planning,
design, and construction. Operations and maintenance, as
well as removals and disposal fees, must also be considered.
Indirect life-cycle costs include permitting fees, costs
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Include a general description of the role of the required
employee(s) and any qualification requirements or experience
needs.

• Geographic information systems (GIS)
• Model management, updates and operations
• Approvals and permitting

Topics may include ESWM-MP goals and objectives, the basic
principles and techniques of the recommended approaches,
function and performance of proposed measures, design
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basics, erosion and sediment control, approval requirements
and operation and maintenance considerations.

community to take action and promote program initiatives.

Training courses may already
exist from outside vendors
or agencies including CVC,
TRCA, CSA and others.
Many offer web-based study
options.

Technical resources
Within the context of the ESWM-MP recommended
approaches, consider the need for and costs of technical
resources, both internal and external to the municipality.
These costs can include:
• Data and model licensing requirements
• Hardware and software requirements
• Analysis and laboratory fees
These costs can be of particular relevance when an ESWMMP includes different types of computer models or proposed
future monitoring requirements.

Community education
Consider the needs and costs associated with developing
and delivery workshops, educational materials, pamphlets,
mailings and other such programs that focus on the
ESWM-MP goals and objectives, as well as education about
environmental, stormwater management, pollution prevention,
and spill management issues.
Program content should integrate outcomes of social
marketing research studies, be interactive, and provide a
forum to work through individual questions and concerns.
Community education could also be delivered in cooperation
with partners, facilitators, and contributors to motivate the
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11.11 Funding
Identifying funding sources for the implementation of the
recommended approach, operation and maintenance
programs, education and training, as well as technical
resource requirements is critical for the long-term success
of the ESWM-MP.
Municipalities and stormwater program managers have a
wide range of funding sources to finance implementation of
these programs, from general funds to dedicated sources

like stormwater utilities. The project team must assess each
funding source to ensure it meets the stormwater program
needs. Here are some funding sources:
• Municipal general fund: Tax-based funds are
reallocated from the general fund.
• Plan review and inspection fees: Fee system
is enacted for the review of submitted plans and
in accordance with proposed municipal inspection
services (i.e. pre-construction, during construction, post
construction and at assumption if applicable).
• Maintenance bonds: Proponent must calculate the
present value of the maintenance cost for the BMP
according to a standardized procedure and shall be
reviewed by the municipality. The funds shall be
managed by the municipality for the ongoing operations
and maintenance of the facility for the duration of its
life. Some Ontario municipalities are currently using this
approach.
• Stormwater utility: Shift from funding stormwater
infrastructure using a tax-based systems to a ratebased system. More detail is provided in the subsequent
section.
• Capital improvement program: Tax-based funds are
reallocated from the capital works funds.
• Grants: A variety of environmentally based grants and
granting agencies (both private and public) may be a
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potential source of funds for community-based pilot
projects, education programs, and training expenses.
Examples include the RBC Blue Water Project and TD
Green Funds.
• Developer participation: Funding through fees or
through cash-in-lieu policies, connection charges,
incentive-based systems or penalty-based systems for
non-compliance.
• Water quality and/or phosphorous credit (trading)
program: Developers contribute funds administered
by a third party and used to offset development-related
impacts that cannot be mitigated within the development
site itself. Offsite retrofits or restoration projects target
the subwatershed specific contaminant(s) of concern.
These funding sources have advantages and disadvantages
and should be evaluated for compatibility with local needs. In
nearly all cases, projects will require a combination of several
funding mechanisms.
There are many factors to examine when evaluating each
funding source, such as provincial or local requirements,
drainage infrastructure needs, and the political climate. For
all funding sources, project teams should employ the principle
of adaptive management to ensure the actual operations
and maintenance costs are reviewed on a regular basis and
compared with the proposed fee, tax or rate system.

Case Study - Stormwater Utilities in Ontario
Stormwater utilities are relatively new to Ontario but have
been implemented in many municipalities throughout the
United States. In Ontario, the City of Waterloo and the City
of Kitchener are municipal leaders in this field. In 2010,
these two cities created a separate stormwater utility
and charge to fund related operations, maintenance, and
capital projects.
The City of Mississauga has undertaken a stormwater
financing study and determined that a stormwater utility could
be a viable option. The Town of Aurora, the City of St. Thomas,
and the City of London have also implemented tiered flat
fees for the use of stormwater infrastructure. The details of
these funding systems vary by municipality, but the general
idea is those properties that put the most strain on municipal
stormwater infrastructure pay a higher monthly fee. The user
fee that the property owner pays to the municipality is based
on total impervious area, or land use and property size.

Six Ontario municipalities have implemented (or
are in the process of implementing) stormwater
utilities or flat rates where property owners
will pay based on the amount of stormwater
generated by the site.
Regardless of the type of stormwater fee system (rate, utility, or
other), a municipality can offer discounts on existing stormwater
charges to encourage practices that reduce the strain on
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municipal stormwater infrastructure. For municipalities with
stormwater utilities, rebates can encourage adoption of the
recommended ESWM-MP practices by providing a tangible
economic benefit.
Some credit programs also provide fee reductions for
initiatives that promote education of employees and/or the
broader community on stormwater management and its
relationship with the environment.
Potential long-term cost savings become a significant factor
when evaluating options as part of normal site rehabilitation
and reconstruction.
A stormwater rate, whereby municipalities charge a
stormwater fee based on a percentage of potable water
consumption, is generally the most common stormwater fee
system.

The realization that an apartment or condominium
building may face higher stormwater charges
due to high rates of potable water consumption,
while commercial properties with large parking
lots and roof areas generate significantly more
runoff, but often paid significantly less, has
popularized fee discount program in many U.S.
jurisdictions.
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11.12 Timeframes for implementation

11.13 Municipal program integration

The project team should identify timelines for the completion
of these aspects of the implementation plan:

This section describes how the recommended approach can
be integrated within existing municipal programs.

• Overall recommended approach: The ESWM-MP
recommendations with long0term goals are likely to be
implemented over a long period of time (often decades).

To more efficiently allocate funds, it can be beneficial to
identify existing municipal programs or frameworks into which
the recommended approach can be integrated. By integrating
into existing municipal programs, you can avoid or minimize
challenges associated with program development, staffing,
design, review and budgeting.

• Individual projects: Timelines for individual projects
should be created based on priorities and budget
considerations. It is acceptable to set a range for
individual project implementation. For example, a creek
restoration project may be identified as having a target
completion date of 5 to 10 years from the ESWM-MP
approval date.
• Strategic reviews: An ESWM-MP may recommend
a strategic review of existing municipal programs
and policies. These reviews are often required before
program and policy changes can be implemented. The
project team should also identify goals for these reviews.
• Future studies: An ESWM-MP may recommend that
some studies be completed to provide information prior
to implementation or to track the progress of goals,
objectives, and targets. Timelines for these studies
should be identified in the implementation plan.
Additionally, the implementation plan should identify timelines
for revisiting, reviewing, and amending the recommended
approach.
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The master plans for the City of Mississauga and
the Town of Aurora integrated LID conveyance
control approaches as part of existing capital
programs for resurfacing and reconstruction
to improve water quality, quantity, and
erosion control at costs below (or on par with)
conventional road works.

11.14 Prioritization
This section describes the most effective manner with which
to implement the recommended plan and individual projects.
Prioritization should consider:

• Environmental benefits: The rate and level at which
the ESWM-MP goals, targets, and objectives are
achieved.
• Available budgets vs. project costs: Consideration for
number and type of projects and the current municipal
funding levels.
• Funding alternatives: The ability of future funds to
become available to permit increased implementation.
• Concurrent opportunities: Taking advantage of other
projects occurring within the municipality by outside
organizations including planned capital projects, new
development, infill development, and transportation.
Individual projects can be prioritized separately or as group.
These projects are generally attributed to a calendar year so
they can be included in future municipal budget cycles.

11.15 Asset management
Asset management refers to the management of drainage
infrastructure features and functions within municipal
boundaries. As part of past tasks completed as part of the
ESWM-MP process, asset management data will have been
collected, reviewed, refined and analyzed to provide invaluable
input to implementation considerations including life-cycle
analyses and funding strategies.
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At this stage of the implementation plan, it is important to
clearly define the level of service. Technical levels of service
result from these factors:
• Customer level of service (willingness to pay to
experience the level of service)
• Asset technical specifications
• Useful life
• Financial constraints
The level of service, collected infrastructure data, deficiencies,
conditions, life-cycle costs, and life-cycle management
information can now be:
• Developed into an asset management plan or strategy (if
one did not exist previously), or
• Reintegrated into an existing asset management plan
or strategy to strengthen the confidence level which
influences the integrity of the plan.
An asset management plan describes the characteristics and
condition of the infrastructure asset, the expected level of
service, planned actions to maintain the level of service, and
financing strategies to implement the prescribed actions.

The goal of a well-established
asset management plan is
to match the level of service
to an affordable level of
funding at an acceptable
level of risk.
The objective of the overall asset management strategy is to
ensure that the planned actions or approaches will permit the
asset to achieve the desired level of service, within the defined
cost and risk tolerances, while taking into consideration
all available options to keep the assets in good repair or
to ensure replacement when warranted. These concepts
marry the Class EA Master Plan process with many of the
implementation considerations including, but not limited to:
• Budgets and costs
○○ Cost and funding considerations
• Repair and replacement timing
○○ Timelines for implementation, integration and
prioritization
• Risk analysis
○○ Included in the Class EA process
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Case Study: Lakeview Neighbourhood LID Feature
In 2012, a project team constructed LID features in the road
ROW within the Lakeview neighbourhood of Mississauga.
The ROW also contains above and below-ground utilities
servicing homes in the area. Due to redevelopment in the
area, the Lakeview LID features have been impacted by
maintenance activities within the road ROW, and by new
utilities being connected. Green infrastructure components
are stormwater assets; they should be included in asset
management planning activities that specify repair plans
should components become damaged. When damage
occurred at the Lakeview LID feature, maintenance crews
used repair measures that were not appropriate for the
bioswale feature. Subsequently, the feature needed to be
fixed.
This example demonstrates the importance of including
green infrastructure in asset management planning
activities.

11.16 Operations and maintenance
This section of the implementation plan outlines the necessary
operation and maintenance requirements associated with the
implementation of the recommended approaches.
This information is a critical resource for municipal staff
who are developing operation and maintenance standards,
integrating new approaches into existing programs, educating
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staff, forecasting budget requirements, and ensuring
appropriate staff resources are available. Typical details
include:
• Operation and maintenance activities for each individual
approach
• Frequency of inspections and maintenance activities
• Future study requirements (i.e. pond bathymetry and
sediment analysis)

Asset monitoring
This section of the implementation plan establishes a tracking
system to document the implementation of measures (e.g.
location, type, size, drainage area), to better understand the
deterioration behaviour and conditions of municipal assets.
With increased monitoring and tracking, ultimately, the asset
condition and rate of failure will become a main driver for the
decision making as it relates to:
• Short-term project identification

• Schedule of maintenance over the implementation
timeframe

• Long-term forecasting of replacements and rehabilitation

• Typical triggers for maintenance and rehabilitation or
retrofit

Performance monitoring

• Cost to undertake inspection and maintenance tasks and
replacements, typically expressed in unit rates or per
facility

Performance monitoring establishes the success of the
recommended approaches relating to municipal stormwater
management and environmental measures for the purpose
of assessing the system performance against the established
goals, objectives, and targets.

• Equipment upgrades or new equipment requirements.
The objectives of the monitoring program are:
Operation and maintenance activities, frequency and resulting
costs are a key element in both life-cycle costing and asset
management.

11.17 Monitoring
This section of the implementation plan establishes a series of
asset, performance, and adoption rate monitoring programs.
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• To provide a means of updating environmental databases
to reflect temporal changes
• To provide a means of determining whether the
measures proposed in the ESWM-MP are adequate to
meet the goals, objectives, and targets
• To establish a contingency plan in cases where the
targets are exceeded.

Performance monitoring frameworks are most effective when
they integrate:
• Water resources (surface water quality and quantity)
• Fisheries and aquatic ecology
• Stream morphology and erosion
• Terrestrial ecology
It is recommended that project owners monitor performance
using an adaptive environmental management approach,
which:
• Promotes flexible decision making
• Advances scientific understanding and helps policy
decisions
• Acknowledges natural variability in contributing to
ecological resilience and productivity
• Promotes learning by doing.
Information collected as part of the monitoring program is
used as guidance for adapting the environmental control
management system and improving the level of service.

Adoption rate monitoring
The ESWM-MP may include the development of marketing
research studies or a rebate or credit system as part of a
stormwater management utility or rate-based system which
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includes voluntary and/or incentivized retrofit programs. It is
beneficial to include a mechanism to assess and characterize
the adoption rate of such programs.
Consider creating a database or GIS mapping that tracks
locations that have been retrofitted. This information could
include the date of the retrofit, the type of facility, and the
drainage area that is treated.
This information is used to refine the voluntary program,
create further incentives, and adjust education and marketing
materials.

11.18 Recommendations
This section typically concludes the implementation plan.
It outlines a succinct set of recommendations originating
from the ESWM-MP process which can be presented to
Committees of Council for consideration and adaption.
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12.0

Next Steps and Additional Resources
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Business & Multi-Residential Retrofits

Public Lands Retrofits

Your guide to more cost effective, eco-friendly stormwater
management at businesses, colleges, universities and multiresidential properties.

Your guide to building cost-effective stormwater management
capacity in community spaces like parks, schools, municipal
buildings and places of worship.

This guide will help you:

This guide will help you:

• Understand how using eco-friendly low impact
development (LID) retrofits can save you money as well
as minimize flooding and pollutant risks

• Understand how low impact development (LID) retrofits
can help you save money, while helping conserve water,
reduce flooding risk and improve water quality

• Determine which LID options are best suited for your site

• Determine which LID options are best suited for your site

This document has provided a number of suggestions, tools
and examples of how an ESWM-MP can be completed
taking a watershed approach in your municipality. With the
knowledge presented in this document, you can:
• Scope your ESWM-MP based on the specific conditions
of the watershed(s) present within your municipal
boundary
• Collect and compile relevant data for your study area
describing the existing condition of municipal grey and
green infrastructure and watershed health
• Develop goals, objectives and targets for stormwater
management that consider the needs of the watershed
• Understand the wide range of options available for you
to meet the objectives of your study, and develop a
management strategy from the options which meet those
objectives
• Bring together knowledge of municipal and watershed
conditions, opportunities and constraints to inform a
Recommended Plan and Implementation Plan that will
meet study goals, objectives and targets
Completing your ESWM-MP from the perspective of the
watershed will provide insights on the interrelationships
between municipal infrastructure and watershed health.
Taking a watershed approach will help you move beyond
‘pipes and ponds’ by incorporating green infrastructure into
your ESWM-MP.
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• Ensure long-term success by giving you the tools to
properly build and maintain your LID project over its
lifetime

• Identify quick-win projects that can be built with limited
resources and large-scale project that can be included in
long-term plans
• Ensure long-term success by giving you the tools to
properly build and maintain your LID project over its
lifetime
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Residential Lands Retrofits

Road Right of Way Retrofits

Low Impact Development Construction
Guide

Your guide to promoting the use of eco-friendly, low impact
development (LID) projects to homeowners.

Your guide to low impact development (LID) retrofits to
manage stormwater on municipal road right of ways –
reducing flooding risks and improving water quality.

Your guide to successful construction of LID and stormwater
practices.

This guide will help you:

This guide will help you:

• Understand the long-term cost savings of LID and how to
finance retrofits using innovative financial tools such as
Gas Tax funding

• Understand all phases of the LID construction process
from Verification of Siting and Design to Certification, and
identify those activities most likely to result in failure

• Determine which LID options are best suited for your
road right of ways based on road type and scale of
construction project

• Know the “dos” and “don’ts” of LID construction
based on LID implementation to date through use of
photographs of actual construction projects, companion
narrativtes, and notes highlighting common mistakes

This guide will help you:
• Understand how LID retrofits can improve stormwater
management in older neighbourhoods – saving money,
while helping conserve water and reduce basement
flooding risks
• Understand how a targeted marketing plan is the most
cost-effective way to reach residents
• Identify neighbourhoods to target for LID retrofits
• Collect market research data and develop an effective
marketing plan
• Evaluate the success of your LID residential program and
marketing plan
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• Assemble the project team and foster effective public
consultation
• Ensure long-term success by giving you the tools to
properly build and maintain your LID project over its
lifetime

• Refer to case studies that communicate the issues
associated with LID construction
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Stormwater Management Monitoring
Strategy Report

Your guide to compliance and performance monitoring
for conventional and innovative stormwater management
measures from ponds to rain gardens.
This guide will help you:

Lessons Learned: CVC Stormwater
Management and Low Impact
Development
Monitoring
and
Performance Assessment Guide

Your guide to developing stormwater monitoring plans to
demonstrate due diligence, reduce risk and liability, and
inform asset management decisions.

• Understand the importance of stormwater management
monitoring and how CVC’s monitoring program fits within
priorities of key stakeholders including MOECC, MNR and
the development community

This guide will help you:

• Recognize the objectives for monitoring both
conventional and innovative stormwater management
methods

• Budget and secure funding for monitoring projects,
and understand the potential permits and permissions
required when establishing a monitoring program

• Create monitoring programs for stormwater management
based on the facilities and practice within your municipal
boundary

• Understand the various types of equipment and
installation practices available, and the importance
of quality control and assurance in data and sample
collection
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Need More Help?
CVC has a suite of guides, tools, case studies and
other resources to help you. Visit:

• Set up a monitoring program that helps build consensus
for implementing LID on a broad scale
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