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PREFACE

This document — the Low Impact Development Stormwater Management Planning
and Design Guide — has been developed by Credit Valley Conservation (CVC) and
Toronto and Region Conservation Authority (TRCA) as a tool to help developers,
consultants, municipalities and landowners understand and implement sustainable
stormwater planning and practices in the CVC and TRCA watersheds. The use of
sustainable stormwater planning and practices will help ensure the continued health
of the streams, rivers, lakes, fisheries and terrestrial habitats in our watersheds.

The guide is intended to provide engineers, ecologists and planners with up-to-date
information and direction on landscape-based stormwater management planning and
low impact development stormwater management practices such as rainwater
harvesting, green roofs, bioretention, permeable pavement, soakaways and swales.
The information contained in the guide will help practitioners adopt landscape-based
stormwater management approaches, and will help select, design, construct and
monitor more sustainable stormwater management practices.

This manual is not a stand-alone document. It is intended to augment the Ontario
Ministry of the Environment’s 2003 Stormwater Management Planning and Design
Manual, which provides design criteria for “conventional” end-of-pipe stormwater
management practices such as wet ponds and constructed wetlands. It is also a
companion document to other stormwater related guidance documents prepared by
CVC and TRCA. Amongst others, these include:

CvC

e Credit River Water Management Guidelines (CRWMG) (2007);

e Credit River Stormwater Management Criteria (currently under development;

will be an appendix to the CRWMG;

e Geomorphic and Meander Belt Guidelines (an appendix to the CRWMG);

e Floodline Mapping Guidelines (an appendix to the CRWMG);
Environmental Impact Report Terms of Reference (an appendix to the
CRWMG);
Technical Guidelines for Floodproofing, 1994 (an appendix to the CRWMG);
Hydrologic/Hydraulic Modeling (an appendix to the CRWMG Guidelines);
Guidelines for Hydrogeologic Studies (an appendix to the CRWMG);
Headwater Assessment Guidelines (an appendix to the CRWMG).

TRCA

e Planning and Development Procedural Manual (2007);
Stormwater Management Criteria (currently under development);
Floodplain Management Guideline; and
Stream Crossing Guidelines.
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Low Impact Development Stormwater Management Planning and Design Guide

1.0 INTRODUCTION

1.1 About This Document

The Low Impact Development Stormwater Management Planning and Design Guide
(LID SWM Guide) has been developed by Credit Valley Conservation (CVC) and
Toronto and Region Conservation Authority (TRCA) as a tool to help developers,
consultants, municipalities and landowners understand and implement more sustainable
stormwater management planning and design practices in their watersheds. Many
jurisdictions have defined the term low impact development. For this document, the
following definition, adapted from the United States Environmental Protection Agency
(U.S. EPA, 2007) will be used:

Low impact development (LID) is a stormwater management strategy
that seeks to mitigate the impacts of increased runoff and stormwater
pollution by managing runoff as close to its source as possible. LID
comprises a set of site design strategies that minimize runoff and
distributed, small scale structural practices that mimic natural or
predevelopment hydrology through the processes of infiltration,
evapotranspiration, harvesting, filtration and detention of stormwater.
These practices can effectively remove nutrients, pathogens and
metals from runoff, and they reduce the volume and intensity of
stormwater flows.

The LID SWM Guide provides information and direction to assist engineers, ecologists
and planners with landscape-based stormwater management planning and the
selection, design, construction and monitoring of sustainable stormwater management
practices. The focus of this guide is on guidance regarding the planning and design of
structural low impact development practices for stormwater management.

The practice of managing stormwater is continuing to evolve as the science of
watershed management and understanding of our watersheds grow. Effective
management of stormwater is critical to the continued health of our streams, rivers,
lakes, fisheries and terrestrial habitats. CVC and TRCA believe that an improved
understanding of the municipal and environmental planning process and the
requirements for stormwater management will lead to improvements in management
practices and an increasingly standardized and streamlined approach to addressing
stormwater throughout the CVC and TRCA watersheds.

The LID SWM Guide is intended to augment the Ontario Ministry of the Environment
(OMOE) Stormwater Management Planning and Design Manual (2003). The OMOE
manual provides design criteria for “conventional” end-of-pipe stormwater management
practices such as wet ponds and constructed wetlands but provides only limited
information about lot level and conveyance controls. The OMOE manual does, however,
emphasize the use of a “treatment train” approach to reduce the impacts of stormwater

1-1
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runoff. A treatment train approach — a combination of lot level, conveyance, and end-of-
pipe stormwater management practices — is usually required to meet the multiple
objectives of stormwater management, which include maintaining the hydrologic cycle,
protecting water quality, and preventing increased erosion and flooding.

This LID SWM Guide focuses on a number of lot level and conveyance stormwater
management practices that have been used extensively in Europe, the United States,
British Columbia and at demonstration sites in Ontario. These practices have only
recently been considered for broad application in Ontario as part of the treatment train
approach. These low impact development practices include green roofs, bioretention,
permeable pavement, soakaways, perforated pipe systems, enhanced grass swales,
dry swales and rainwater harvesting. The LID SWM Guide recommends and supports
the use of the treatment train approach for stormwater management. Accordingly, the
reader is urged to refer to the OMOE manual (OMOE, 2003), as a guide for
incorporating more traditional practices such as wet ponds and wetlands into the overall
stormwater management planning and design process.

The LID SWM Guide is not intended to limit innovation or restrict the use of creative
solutions for stormwater management. Indeed, the OMOE, CVC, TRCA and partner
municipalities encourage the development of innovative designs and technologies.

1.2 History and Context

In 1993, the Ontario Ministry of the Environment and Energy and Ontario Ministry of
Natural Resources released three policy documents that focused on integrating water
resources management and urban planning:

e Water Management on a Watershed Basis: Implementing an Ecosystems
Approach;

e Subwatershed Planning; and

e Integrating Water Management Objectives into Municipal Planning Documents.

These documents heralded a new approach to water management in Ontario. They
emphasized the need for an increased focus on protecting the natural environment and
the need to expand stormwater management practices to pay more attention to water
guality and environmental concerns, in addition to addressing traditional water quantity
concerns.

In 1994, the Ontario Ministry of Environment and Energy (OMOEE) released two
practitioners’ guides to stormwater management planning:

e Stormwater Quality Best Management Practices; and
e Stormwater Management Practices Planning and Design (SMPPD) Manual.
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The OMOEE SMPPD manual was intended to introduce practitioners to a broad range
of stormwater management facilities that were designed to not only offset the effects of
hydrologic changes of urban development on streams and rivers, but also address
water quality and erosion impacts. The SMPPD manual also provided detailed
guidance on how to design and build multi-purpose facilities and included sections on
operations and maintenance, as well as environmental monitoring requirements.

In 2003, OMOE released a new Stormwater Management Planning and Design Manual,
which significantly updated and expanded on the 1994 version. The 2003 manual:

e provided an overview of the impacts of urbanization on the hydrologic cycle and
stream ecosystems;

e addressed the evolution of the watershed planning process and implications for
the design process;

e incorporated water quantity, erosion control, water quality protection, and water

balance principles into the selection and design of stormwater management

practices (SWMPs);

documented the performance of SWMPs that have been monitored;

incorporated design considerations for SWMPs in cold climates;

provided information on new “state of the art” SWMPs;

addressed infill projects;

updated operations and maintenance requirements;

provided design examples for SWMPs;

updated material related to planting strategies and the function of plant materials

in SWMP design;

provided examples of retrofitting SWMPs; and

e outlined integrated planning for stormwater management.

1.3 The Evolution of Stormwater Management

During the past three decades, the practice of stormwater management has evolved. In
the mid 1970s, attempts to control runoff flow rates from urban developments were
initiated. By the late 1980s, water quality became an additional focus and in the late
1990s, approaches to mitigate accelerated stream channel erosion were introduced.
Lot level stormwater management approaches have been advocated in Ontario since
1995 (OMMAH, 1995), but widespread application has yet to occur. Today, with
improvements in our understanding of watershed systems and the potential impacts
urbanization can have on aquatic ecosystems, stormwater management addresses a
broad suite of issues including fluvial geomorphology (stream channel forming
processes), groundwater resources and the protection of aquatic and terrestrial habitats
(Figure 1.2.1).

Municipalities, with the support of conservation authorities, review stormwater
management facilities and plans designed to address this multitude of concerns. This

1-3
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has led to an increasing complexity in stormwater management planning and design

including:

¢ increasingly complex stormwater management facilities and best management
practices;

e the need to involve more inter-disciplinary expertise in studies to define
environmental opportunities and constraints;
expanding requirements for multi-purpose stormwater management facilities; and,

e increased emphasis on the treatment train approach and use of multiple types of
controls to address environmental issues.

Figure 1.2.1 Evolution of stormwater management practice in Ontario

Adapted from MOE, Subwatershed Planning , June 1993

i

=

Prior t01980 ) 1980

1990 e 2000 =———) Cyrrent

CVC and TRCA have been extensively involved in integrated watershed-wide
environmental monitoring for many years. The results of this monitoring have shown
that the environmental health of many watersheds continue to decline as urbanization
increases. This environmental deterioration has taken place despite widespread
compliance with provincial and conservation authority requirements for stormwater
management planning and facility design. Conventional stormwater management,

,which focuses on controlling peak flow rate and the concentration of suspended solids,
has failed to address the widespread and cumulative hydrologic modifications in
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watersheds that increase the volume of stormwater, increase the runoff rate, and cause
excessive erosion and degradation of stream channels. Conventional stormwater
management also fails to adequately treat other pollutants of concern, such as
nutrients, pathogens and metals.*

CVC'’s recent Credit River Water Management Strategy Update concludes that
continued use of what are currently considered “state of the art” stormwater
management practices will lead to continued degradation of the watershed, jeopardizing
the health of the Credit’'s world class fishery and other valued environmental resources
(CVC, 2007b). To protect the health of the Credit River watershed, the updated water
management strategy calls for an immediate shift to more proactive and innovative
stormwater management systems that include low impact development practices.
TRCA'’s Rouge River Watershed Plan (TRCA, 2007c), Humber River Watershed Plan
(TRCA, 2008a) and Don River Watershed Plan (TRCA, 2009a) reach similar
conclusions about the inability of conventional stormwater management practices to
protect the health of rivers and the need for low impact development approaches. In
addition, the Rouge River Watershed Plan concludes that widespread implementation of
LID practices in new and existing developments could increase the resiliency of the
watershed system to some anticipated impacts of climate change on baseflow and
channel erosion (TRCA, 2007d).

Recent research (Aquafor Beech Ltd., 2006) has suggested that current practices to
offset the hydrologic effects of urbanization are insufficient to prevent increased channel
erosion and deterioration of aquatic habitats. In many cases, even small incremental
changes in watershed hydrology commensurate with an increase in impermeable
surfaces of 4%, can result in changes to stream channel characteristics and aquatic
communities. To offset these impacts, an increased emphasis on maintaining natural
water balance and replicating the predevelopment hydrologic cycle is required (Aquafor
Beech Ltd., 2006).

! Gaffield, S.J., R.L Goo, L.A. Richards and R.J.Jackson. 2003. Public Health Effects of Inadequately
Managed Stormwater Runoff. American Journal of Public Health. September 2003. Vol. 93. No. 9. pp.
1527-1533; Kok, S. and J.Shaw. 2005. Wet Weather Flow Management in the Great Lakes Areas of
Concern. Proceedings EWRI 2005. Copyright ASCE 2005; Marsalek, J. 2002. Overview of urban
stormwater impacts on receiving waters. P. 3-14. Proceedings of the Urban Water Management: Science,
Technology and Delivery. NATO Advanced Research Workshop. Borovetz, Bulgaria; Marsalek, J., H.Y.F.
Ng. 1989. Evaluation of pollution loadings from urban non-point sources, methodology and application. J.
Great Lakes Res. 15(3) 444-451; Rohrer C.A., L.A. Roesner, B.P. Bledsoe. 2004. The Effect of
Stormwater Controls on Sediment transport in Urban Streams. Proceedings World Water Congress 2004.
Copyright ASCE 2004; Saravanapavan, T. M. Voorhees and A. Parker. 2005. Stormwater Evaluation for
TMDLs and Implementation in Urban Northeast Watersheds. Proceedings EWRI: Impacts of Global
Climate Change. Copyright ASCE 2005; US EPA. 1997. Urbanization and Streams: Studies of
Hydrologic Impacts. Office of Water. Washington DC. EPA841-R-97-009; Schueler, T. 2000. Nonpoint
Sources of Pollution to the Great Lakes Basin. Great Lakes Science Advisory Board. ISBN 1-894280-14-
8. Feb 2000; Schueler, T. 2002. Comparative Pollutant Removal Capability of Stormwater Treatment
Practices. The Practice of Watershed Protection. Vol. 64. pp. 371-376; Schueler, T. and D. Caraco.
2001. Sources and control of pollutants in urban runoff. International Joint Commission. Windsor Ontario;
Schueler, T. and J. Galli. 1992. Environmental Impacts of Stormwater Ponds. In Watershed Restoration
Source Book, ed. P.Kumble, T. Schueler, Washington, D.C..

1-5

Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

Finally the 2003 OMOE Stormwater Management Planning and Design Manual, though
reflective of current technology is rapidly becoming dated, since much of the material it
reviewed dates from 1999. In the last five years, over 30 state-of-the-science
stormwater management manuals and guidelines have been released in locations such
as Maryland, Washington State, British Columbia, Minnesota, Pennsylvania and
Oregon. The objective of maintaining predevelopment water balance, use of the
treatment train approach and application of low impact development practices are all
becoming common practice in these jurisdictions.

Two recent documents, one prepared by the City of Toronto and the other prepared by
the Greater Vancouver Regional District summarize how the approach to stormwater
management needs to change.

Rainwater should be treated as a resource to nourish and enhance the
City’s environment. Management should begin where precipitation hits
the ground according to the priority of source, conveyance, end-of-pipe
and finally, stream restoration measures (City of Toronto, 2006).

There is a need for a change in the philosophy of treating runoff from
one of stormwater management to rainwater management (GVRD,
2005).

This is why CVC and TRCA commissioned the development of a stormwater
management guide to provide guidance on the kind of cutting edge practices that are
needed to protect the health of the CVC and TRCA watersheds. The LID SWM Guide
draws on published research, literature and local studies to provide planning and design
guidance that reflects regional policies, practices and climate. It provides information
and guidance on the following:

¢ how to integrate stormwater management into the urban planning process;

e how to design, construct and maintain a range of LID stormwater management
practices; and

e the kinds of environmental and performance monitoring that should be carried
out.

Acknowledging that it will not always be possible to maintain the predevelopment water
budget of a site, predicted increases in runoff from land development that cannot be
mitigated through stormwater infiltration practices should be minimized through
practices that either evapotranspire (e.g., green roofs, bioretention), or harvest runoff for
non-potable uses (i.e., rainwater harvesting). In areas where development has already
taken place, LID can be used as a retrofit practice to reduce runoff volumes, pollutant
loadings, and the overall impacts of existing developments on receiving waters. LID
practices can include:

e conservation site design strategies (i.e., non-structural LID practices);
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e infiltration practices;

e rainwater harvesting;

e runoff storage and evapotranspiration;
¢ runoff conveyance;

e filtration practices; and

e landscaping.

Studies show that implementing LID practices can have multiple positive environmental
effects including:

e protection of downstream resources;

e abatement of pollution;

e recharge of groundwater;

e improvement of water quality;

e improvement of habitat;

e reduced downstream flooding and erosion;
e conservation of water and energy; and

e improved aesthetics in streams and rivers.

These combined benefits help to mitigate potential negative impacts of climate change
on groundwater levels, risk of flooding and stream channel erosion.

1.4 The Impact of Urbanization

As indicated previously, early stormwater management plans developed in the 1980s
focused on controlling water quantity, with the intent of ensuring that runoff from newly
developed urban areas did not increase the potential for flooding downstream.

Figure 1.4.1 provides an illustration of the hydrologic cycle. When lands are urbanized,
there are significant changes in the proportion of precipitation that infiltrates into the
ground, evaporates back into the atmosphere and enters drainage features as surface
runoff primarily as a result of clearing of vegetation and paving of the ground surface.
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Figure 1.4.1; The hydrologic cycle
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Definitions:

Overland runoff — water that travels over the ground surface to a channel
Streamflow — movement of water via channels
Groundwater flow — movement of water through the subsurface
Infiltration — penetration of water through the ground surface
Groundwater recharge — water that reaches saturated zone

Figure 1.4.2 illustrates the dramatic changes in the proportion of precipitation entering
different flow pathways when land use changes from native vegetation to an urban
landscape. In particular, there can be a 3 to 5 fold increase in the amount of runoff
reaching streams, with a corresponding reduction in infiltration of water into the ground.

Not only is there a change in the total volume of stormwater runoff from urban areas,
but the characteristics of the runoff change as shown in the Figure 1.4.3. For a given
event, both the peak discharge (the peak rate of runoff) and the duration (the amount of
time) that this higher peak flow occurs is increased in urban versus rural or forested
watersheds (Figure 1.4.4).
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Figure 1.4.2 The impact of conventional urbanization on the hydrologic cycle

Source: U.S. EPA, 2007

Figure 1.4.3 Flood hydrographs for urbanized and natural drainage basins

Rainfall

Intensity

Discharge

Time

v

1-9

Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

Figure 1.4.4 Changes in magnitude and frequency of peak flows as urbanization
increases

Source: BC MWLAP, 2002

This means that not only is there an increase in potential for flooding downstream, but
the hydrologic changes associated with increased imperviousness can cause other
problems such as:

alteration of stream flows;

alteration of stream channels and associated aquatic habitat;
increased erosion and sedimentation; and

degraded water quality.

If effective stormwater management controls are not in place, increased imperviousness
leads to a cascade of effects as shown in Table 1.4.1. Rivers in highly urbanized areas
are sometimes referred to as “peaky” because they have too little flow under dry
conditions, and too much flow (high volumes and high peak flows) when it rains. This
leads to problems with flooding, erosion, water quality and alterations to stream
channels and aquatic habitat.

Flooding and Stream Flows

While stormwater management ponds were originally used primarily to control the
increase in peak flows from urbanization to address flooding concerns, it soon became
apparent that both the peak flow and its duration needed to be controlled to address
problems of erosion, sedimentation and habitat alteration. Since urban stormwater also
carries a significant load of suspended sediments, nutrients and other contaminants, the
amount of these materials entering a waterbody can be reduced simply by reducing the
volume of stormwater reaching the waterbody. Thus controlling runoff volumes is part
of the solution to addressing water quality impacts from urbanization.
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Table 1.4.1 Ecosystem responses to urbanization

Resulting Impacts

Results of Flooding
Increased and Altered | Habitat Erosion and Channel Streambed | Water
Imperviousness | Stream Loss Sedimentation | Widening | Alteration | Quality

Flows
Increased Flow v v v v v v
Volume
Increased Peak v v v v v v
Flow
Increased Peak v v v v v v
Duration
Increased Stream v v
Temperature
Decreased Base v v v
Flow
Sediment Loading v v v v v v
Changes

CVC'’s Credit River Water Management Strategy Update study showed that

conventional stormwater best management practices have only limited benefits in
restoring predevelopment runoff rates and represent only a small improvement over
uncontrolled urban growth (Table 1.4.2; Figure 1.4.5). Only by implementing state of
the science, treatment-train stormwater management technologies, did a significant

reduction in runoff occur.

Table 1.4.2 Summary of water balance characteristics for different land uses, soil types

and stormwater management strategies

Annual (mm)
Land U Soil T S i - ot Evapo-
ana use ol lype cenario Rainfall | Runoff | Infiltration L
transpiration

Agriculture - Sandy Emspng 804 77 418 365
Pasture Soils conditions
Medium sand
Density nay No SWM* 804 291 264 289

. : Soils
Residential
Density hay 804 259 291 284

. . Soils management
Residential

approach**

Medium Sand “Ecotopia”
Density Soils y management 804 183 363 303
Residential approach***

*SWM — Stormwater management;
** Business-as-usual (BAU) management approach assumes implementation of traditional stormwater
management practices, such as detention ponds;

*+* “Ecotopia” (ECO) management approach assumes implementation of a full treatment train of stormwater

management practices, including lot level and conveyance controls and wetland treatment systems.

Source: CVC, 2007b
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Figure 1.4.5 Comparison of runoff, infiltration and evapotranspiration rates for different
stormwater management strategies
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Erosion and Sedimentation
The changes in the water budget that accompany the urbanization of a watershed have
a direct bearing on the morphology, stability and character of the receiving streams.

These

effects include:

Stream widening and bank erosion: Stream channels enlarge to accommodate
higher stormwater volumes and peak flows.

Streambed changes due to sedimentation: Channel erosion and sediment
loading from urban construction lead to deposition of fine material in streams
covering coarser materials with mud, silt and sand.

Stream downcutting:_ Another adjustment that occurs in response to flow
increases is downcutting of the stream channel, which leads to a steepening of
the stream profile or gradient, thus accelerating the erosion process.

Loss of riparian tree canopy: The continued undercutting and failure of stream
banks exposes tree roots that normally protect stream banks from erosion,
leading to uprooting of trees that causes further weakening of the structural
integrity of the stream banks
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Many of these erosion and sedimentation effects are delayed until some time after the
process of urbanization occurs. Stream channels can continue to enlarge and erode for
decades after development occurs before they reach a new stable regime.

Water Quality

Urban stormwater is a source of a variety of pollutants including nutrients,
contaminants, bacteria, and suspended sediment. Typical concentrations of these
pollutants are shown in Table 1.4.3. Typical sources are listed in the Table 1.4.4.

In a recent review of the effectiveness of stormwater management practices, it was
noted that one of the most effective ways of minimizing the potential for channel
erosion, reduction in water quality loadings and degradation of aquatic habitat in the
receiving channel downstream of an urban development is to minimize changes to
runoff volume and discharge rate (Aquafor Beech Ltd., 2006). An equally important
corollary to this statement is that a significant reduction in the delivery of pollutants from
urban areas into receiving waters requires that sources of “clean” runoff are not
contaminated or combined with polluted runoff.

Table 1.4.3 Comparison of urban stormwater runoff concentrations with provincial water
quality objectives (PWQO)

Parameter Units PWQO Observed Concentrations
Escherichia coli CFU/100 mL - 10,000 to 16 x 10°
Total Suspended Solids (TSS) mg/L - 87 — 188
Total Phosphorus (TP) mg/L 0.03 (interim) 0.3-0.7
Total Kjeldahl Nitrogen (TKN) mg/L - 1.9-3.0
Phenols mg/L 0.001 0.014 -0.019
Aluminum (Al) mg/L - 1.2-25

Iron (Fe) mg/L - 27-7.2
Lead (Pb) mg/L 0.005 (interim) 0.038 — 0.055
Silver (Ag) mg/L 0.0001 0.002 — 0.005
Copper (Cu) mg/L 0.005 0.045 - 0.46
Nickel (Ni) mg/L 0.025 0.009 - 0.016
Zinc (Zn) mg/L 0.020 (interim) 0.14 - 0.26
Cadmium (Cd) mg/L 0.0002 0.001 — 0.024

Source: Adapted from OMOE, 2003
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Table 1.4.3 Major sources of common stormwater pollutants

Common Constituents Major Sources Related to Urban Land Use

Sediment and Particulates

Construction, winter road sanding, vehicle emissions,
pavement wear

Hydrocarbons (PAH’S)

Spills, leaks, dumping, vehicle emissions, asphalt breakdown, wood
preservatives

Pathogens (Bacteria, lllicit connection of septic systems to storm sewers, poor housekeeping (animal

Viruses)

feces, bird feces from rooftops)

Chloride, Sodium, Calcium |De-icing salt applications

Cyanide

Anti-caking agent in de-icing salts and sand / salt mixtures

Nutrients (N, P)

lllicit connection of septic systems to storm sewers, detergents (car washing),
lawn fertilizers

Cadmium Tire wear, insecticides, wood preservatives

Zinc Galvanized building materials, tire wear, motor oil, grease

Lead Motor oil, lubricants, batteries, bearing wear, paint, vehicle exhaust

Copper Wear of moving engine parts, metal plating, fungicides and insecticides
Manganese Wear of moving engine parts

Nickel Vehicle exhaust, lubricants, metal plating, wear of moving parts

Chromium Metal plating, wear of moving parts

Iron Steel structures, rusting automobile bodies

PCBs Leaks from electrical transformers, spraying of highway right of ways, catalyst in

tire construction

Source: Adapted from Burton and Pitt, 2002

Aquatic Habitats

Along with the alterations in hydrology, morphology and water quality that typically take

place in a watershed as urbanization progresses, there can be a continued deterioration
in the quality and quantity of aquatic habitat for fish and other forms of aquatic life. The

impacts on habitat consist include:

Increased water temperature: The combination of warmer runoff from impervious
areas and SWM ponds, loss of riparian cover from erosion and reduction in
groundwater infiltration can produce severely elevated temperatures in the
receiving streams, which can contribute to reductions in dissolved oxygen and
create conditions outside of the thermal tolerance limits for desirable fish species
and other aquatic life.

Reduced groundwater levels and base flow conditions: The loss of infiltration of
rain adversely affects available groundwater resources, ultimately leading to a
decline in stream baseflows, which can adversely affect instream habitat during
periods when fish are most vulnerable to low flow conditions.

Degradation of habitat structure: The negative effects on the quantity of aquatic
habitats take several forms. Increased peak flows and velocities of flow can
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render some habitats unsuitable for fish; erosion and sedimentation can
significantly alter valuable habitats and smother eggs.

e Loss of channel structure: As stream morphology degrades, the stream channel
becomes straightened and the alternating sequence of pools and riffles is lost,
reducing the diversity of habitats for fish.

e Reduction in biodiversity: Collectively the above effects will degrade the quality
and reduce that variability of aquatic habitats leading to a corresponding
reduction in the ability of the habitat to support the variety and abundance of
aquatic life it once supported.

1.5 Legislative Framework

Conservation authorities (CAs) are directed by the Conservation Authorities Act to carry
out a number of critical functions related to watershed planning and management.

This includes preventing, eliminating, or reducing loss of life and property from flooding
and erosion, and encouraging the protection and regeneration of natural systems.
Under the Conservation Authorities Act, the powers of a CA include:

e to study and investigate the watershed and to determine a program whereby the
natural resources of the watershed may be conserved, restored, developed and
managed; and, to cause research to be done (Section 21); and

e to make regulations applicable in the area under its jurisdiction (Section 28).

Both TRCA and CVC administer their own individual regulations, which permit them to:

(a) prohibit, regulate or require the permission of the authority for straightening,
changing, diverting or interfering in any way with the existing channel of a river,
creek, stream or watercourse, or for changing or interfering in any way with a
wetland;

(b) prohibit, regulate or require the permission of the authority for development, if in
the opinion of the authority, the control of flooding, erosion, dynamic beaches or
pollution or the conservation of land may be affected by the development.

Permit applications made under these regulations are assessed to determine if
proposed works will affect the control of flooding, erosion, dynamic beaches, pollution
or the conservation of land in accordance with the Conservation Authorities Act, and as
guided by the two CAs’ programs and policies. Both CAs have policies which
implement their respective regulations and facilitate their role as commenting agencies
under the Planning Act and the Environmental Assessment Act as described below.

Under the Planning Act, CAs are a prescribed agency, meaning they have the
opportunity to comment on Planning Act applications circulated to them by their
municipal partners. Municipalities are the approval authority for Planning Act
applications and their decisions must be consistent with the provincial interest in
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planning expressed in the Ontario Ministry of Municipal Affairs and Housing (OMMAH)
2005 Provincial Policy Statement (PPS). Section 2.1 of the PPS provides direction for
protecting natural heritage; Section 2.2 deals with water management; and Section 3.1
addresses the management of natural hazards and the need to direct development
outside of hazardous areas. Because municipalities tend to have limited expertise with
respect to Section 3.1, the Province entered into a memorandum of agreement (MOU)
with Conservation Ontario, the umbrella organization that represents Ontario’s 36 CAs,
to delegate the responsibility of upholding the natural hazards section of the PPS to
CAs. In this delegated role, CAs are responsible for representing the “Provincial
Interest” on natural hazard matters where the Province is not involved.

Just as the Province recognized the expertise of conservation authorities, municipalities
commonly rely on them for advice on natural heritage and water management. For
regional municipalities, this relationship has been formalized through a series of MOUs
with CVC and TRCA, while a mix of formal and informal agreements exist with local
municipalities. Generally, these MOUs and agreements stipulate that the protection,
restoration, and enhancement of the natural environment, and the safety of persons
and property, is carried out in part through the review of, and preparation of comments
on development applications, and that it is a shared responsibility of the municipality
and the CA. Parameters for plan review and technical clearance are also established
along with protocols for streamlining the planning process. Specific responsibilities
typically include establishing requirements and conditions to determine the need for,
and adequacy of, studies that assess impacts and propose mitigation measures related
to surface and groundwater, natural features and functions.

As part of the overall planning process, CVC and TRCA are expected to review and
comment on all environmental assessments (EAs) within their respective jurisdictions.
Often, at the detailed design stage of infrastructure projects undergoing an EA process,
a permit under a CA regulation is required.

In both their commenting roles under these two Acts, CVC and TRCA must also be
aware of impacts to fish habitat, as both CAs have agreements with Fisheries and
Oceans Canada to implement section 35(2) of the federal Fisheries Act, which states
that no person shall carry on work that would cause the harmful alteration, destruction,
or disruption of fish habitat.

The complexity of the planning and development process is apparent, so many of
CVC’s and TRCA’s MOUs with their municipal partners recognize and secure the CA’s
expertise in water management, in order to help them “be consistent” with the water
policies in Section 2.2 of the PPS. Section 2.2.1 states:

Planning authorities shall protect, improve or restore the quality and
quantity of water by: a) using the watershed as the ecologically
meaningful scale for planning; b) minimizing potential negative impacts,
including cross-jurisdictional and cross-watershed impacts; c) identifying
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surface water features, ground water features, hydrologic functions and
natural heritage features and areas which are necessary for the ecological
and hydrological integrity of the watershed; d) maintaining linkages and
related functions among surface water features, ground water features,
hydrologic functions and natural heritage features and areas; g) ensuring
stormwater management practices minimize stormwater volumes and
contaminant loads, and maintain or increase the extent of vegetative and
pervious surfaces (OMMAH, 2005).

In CVC’s and TRCA'’s role as advisors to our municipal partners on planning matters,
and as ingrained in each agency’s watershed management plans, the importance of
achieving a post-development water balance that matches, as closely as possible, the
pre-development water balance condition is emphasized. On sites that have been
designed with conventional stormwater management, examination of post-
development conditions has shown that natural features are not being sustained and
natural hazards are being exacerbated. Therefore, the implementation of innovative
stormwater management techniques is required to complement more traditional
methods; these can include source and conveyance controls that infiltrate, re-use, or
evapotranspirate run-off. This Low Impact Development Stormwater Management
Planning and Design Guide outlines a host of these best management practices,
collectively termed low impact development, which can be used to manage stormwater
volume and protect the water resources and natural heritage systems over the long
term. Accordingly, Section 2.2.2 of the PPS states that, “mitigative measures and/or
alternative development approaches may be required in order to protect, improve or
restore sensitive surface water features, sensitive ground water features, and their
hydrologic functions” (OMMAH, 2005).

Innovative, non-traditional stormwater management needs to take place in not only
areas of new development, but also in areas undergoing redevelopment. While
development standards and practices have improved greatly since the earlier decades
of urbanization, older developed areas have already taken their toll on watershed
conditions. Impervious surfaces cover considerable portions of CVC and TRCA
watersheds and a large proportion of these areas lack comprehensive stormwater
control.

Therefore, in both development and redevelopment scenarios, a comprehensive
outlook is necessary to effectively manage stormwater from a landscape perspective.
This can be achieved by considering stormwater and LID as early in the planning
process as possible, as further described in Chapter 2.

The general inter-relationship between the traditional municipal land use planning
process and environmental (i.e., watershed) planning is depicted in Figure 1.5.1.
Ideally, this provides a hierarchy of plans that integrate environmental and municipal
planning, and a process in which all relevant agencies provide input under their
respective legislative mandates.
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Figure 1.5.1 Relationship between municipal land use planning and environmental
(watershed) planning processes
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2. For a given jurisdictional area, one Environmental Planning component would generally be associated
with one Municipal Land Use Planning component. Multiple arrows leading from the Environmental
Planning component to the Municipal Land Use Planning component signify different approaches which are

used in different jurisdictions.

Adapted from OMOE, 2003
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1.6 Report Outline

Chapter 1 provides an overview of why the guide has been developed. It reviews the
environmental impacts of urbanization and the current planning framework for
stormwater management in Ontario.

Chapter 2 discusses how stormwater management facility planning and design can be
better integrated into the development planning process, in particular, illustrating how
better site design and identification of environmental opportunities and constraints early
on in the process can lead to more effective stormwater management. The chapter also
highlights the importance of planners, engineers, biologist, hydrogeologists and
landscape architects working together to develop an overall plan.

Chapter 3 provides an introduction to low impact development, an overview of the LID
design process and information to help practitioners select practices suitable to site
specific conditions and stormwater source areas.

Chapter 4 describes ten structural low impact development practices for stormwater
management. Guidance regarding site suitability, design, operation and maintenance is
provided for each general type of practice.

Chapter 5 describes compliance, performance and environmental effects monitoring
programs, as they relate to stormwater management systems.

Chapter 6 provides a master list of documents that have been referred to in this guide.
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2.0 INTEGRATING STORMWATER MANAGEMENT INTO THE
PLANNING PROCESS

2.1 Introduction

As the science of stormwater management has evolved, a variety of documents has
been produced to assist and provide direction to practitioners in Ontario. These include
documents such as the trilogy of watershed planning documents produced in 1993
(OMOEE & OMNR, 1993a; 1993b; 1993c), provincial stormwater management planning
and design guidelines (OMOEE & OMNR, 1991, OMOEE, 1994; OMOE, 2003), and
municipal stormwater management guidelines (City of Toronto, 2006). With the
initiation of integrated watershed monitoring programs by CVC and TRCA early in this
decade, information is becoming available to evaluate and track watershed health at
scales that are informative to watershed managers, land use planners and stormwater
management system designers. Information being generated by watershed monitoring
programs and from recent regional scale studies of hydrogeology (e.g., York Peel
Durham Toronto Groundwater Management Project), terrestrial natural heritage (e.g.,
CVC, 2004; TRCA, 2007¢), and aquatic natural heritage (e.g., CVC, 2002; OMNR &
TRCA, 2005; TRCA, 2009b), has greatly improved our understanding of watershed
system features, functions and linkages and the effectiveness of conventional
management approaches to maintain watershed health. The latest generation of
watershed planning studies has integrated this information into recommendations to
improve conventional management approaches, which include integrating low impact
development practices into stormwater management planning and design (Aquafor
Beech Ltd., 2006; CVC, 2007b; TRCA, 2007c; TRCA, 2008a; TRCA, 2009a). Drawing
on direction from stormwater management guidelines and recent watershed planning
studies, guidance regarding study requirements at various stages in the development
planning and review process has also been produced (e.g., CVC, 2007a; TRCA, 2007Db).
Collectively, this body of knowledge provides:

e a rationale for considering watersheds as the natural and logical boundary for
environmental and land use planning;

e direction with respect to the types of environmental studies that are required for
development to take place and the range of expertise needed to be involved;
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e evidence that current urban design and stormwater management approaches are
not sustainable over the long term if watershed goals are to be realized, and,
therefore, that a change in planning and design practices is required,

¢ aneed to enhance stormwater management in existing urban areas;

e direction with respect to the diverse range of disciplines needed to effectively and
successfully undertake an integrated planning and design approach; and

e recognition that new technologies such as the treatment train approach, low
impact development (LID) principles and green building certification systems
(e.g., Leadership in Energy and Environmental Design - LEED, Green Globes)
represent the next step in the evolution of stormwater management practice.

The primary objective of this chapter is to outline an approach to the planning and
design of stormwater management systems and facilities that is focused on ensuring
that infrastructure is fully integrated within both the urban fabric of the community and
the functional landscape.

The chapter provides an overview of a landscape-based approach to stormwater
management planning. This approach is founded on the principle that development form,
servicing and stormwater management strategies should be defined by the biophysical,
hydrological and ecological attributes of the environment and landscape in addition to
other planning objectives (e.g., land use, densities, transportation, and urban design).

This chapter also provides a brief overview of key steps in the recommended process
for designing best management practices (BMPs) for stormwater management. More
detailed discussion is provided in CVC'’s Credit River Water Management Guidelines
(2007a) and TRCA'’s Planning and Development Procedural Manual (2007b).

Lastly, it provides examples of opportunities for integrating landscape-based
stormwater management at various planning scales (i.e., the community,
neighbourhood and site scales) and stages in the process.
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2.2 Environmental, Land Use and Stormwater Management Planning

Documents such as CVC’s Credit River Water Management Guidelines (2007a) and
TRCA's Planning and Development Procedural Manual (2007b) describe the types of
environmental studies at the watershed, subwatershed and site scales that should be
undertaken and submitted in support of development proposals. Each municipality
tends to be unique with respect to how it carries out its municipal land use and
environmental planning processes. It is therefore not possible to define a process that is
applicable to all municipalities for all types of studies.

Figure 1.5.1, adapted from the 2003 OMOE Stormwater Management Planning and
Design Manual illustrates the general inter-relationship between municipal land use
planning and environmental (watershed) planning studies. Figure 1.5.1 includes the
agencies that are typically involved in the review of documents at each phase in the
land use planning and development proposal review processes. Figure 2.2.1 illustrates
the relationship between the major land use planning stages, requirements for
supporting analysis and design, and related actions such as stream rehabilitation,
management of terrestrial habitats, land acquisition and monitoring.

This section of the LID SWM Guide illustrates how landscape-based stormwater
management planning can take place at various scales and land use planning stages.
This is summarized in Table 2.2.1.
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Table 2.2.1 Summary of stormwater management planning at key scales and land use
planning stages

Scale

Planning Stage

Description

Watershed
plans

Master Plans
Growth Plan
Official Plan

Major themes and objectives for the municipality’s future growth are
established, and challenges and opportunities for growth are
identified, such as municipal policy direction for innovative SWM
approaches and other climate change initiatives.

Community/
Subwatershed

Secondary Plan

Major elements of the natural heritage system are identified
including terrestrial, aquatic and water resources (hydrology,
hydrogeology, fluvial geomorphology, etc.). Stormwater
management objectives for surface and groundwater resources.
Future drainage boundaries, locations of stormwater management
facilities and watercourse realignments are established.

Block Plan

The location of lots, roads, parks and open space blocks, natural
heritage features and buffers, and stormwater management
facilities are defined. A full range of opportunities to achieve
stormwater management objectives are identified, establishing a
template for the more detailed resolution of the design of
stormwater management facilities at subsequent stages in the
planning and design process.

Neighbourhood

Draft Plan of
Subdivision/
Functional Servicing
Plan

Conceptual design is carried out for stormwater management
facilities. Consideration must be given to how stormwater
management objectives can be achieved and how these objectives
influence the location and configuration of each of the components
listed above

Registered Plan

Detailed design is carried out for stormwater management facilities.

Site

Site Plan

Site-specific opportunities are identified to integrate stormwater
management facilities into all of the components of a development
including landscaped areas, parking lots, roof tops and subsurface
infrastructure. Solutions must be considered in the context of the
overall stormwater management strategy for the block or secondary
plan area to ensure that functional requirements are achieved

Site

CA Permits and
other approvals

Detailed design of SWM for the site

Version 1.0




Low Impact Development Stormwater Management Planning and Design Guide

Figure 2.2.1 Example of relationship between major land use planning stages,
supporting environmental analysis and design, and related actions®

| il | l | il
i Planning ; i Supporting Analysis i Related ;
! Steps ] ! and Design 1 | Actions 1
J R SUlEEE Et R Management Strategy
Secondary Plan Stud -Set land/stream constraints [
Y -Set targets to be met
Environmental Impact Report Studies Stream Rehabilitation
Block Plan — a) Existing conditions and constraint mapping _Protection
b) Studies can include: -Enhancement 4
- Hydrologic features and functions -Mitigation
- Fish habitat =
- Wetlands
- Full or scoped Environmental Impact Statement Terrestrial
- Stream p‘rqtectlon Management
- Servicing . l—
-Protection
c) Stormwater Management
, -Enhancement
\ ¢ -Mitigation
Environmental Impact
Agency Review [« Statement
-ldentify mitigation
and enhancement needs
] v
: Functional Servicing Land Acquisition
F';Stb?r:".m .er‘;’m and Stormwater Program o
Au ISSI 8 - Management (SWM) v -DedlC?.ted land
- Agency review Studies - Acquired land
, |
Draft Plan .| Address Draft Plan
- Set conditions Conditions
Draft Plan Monitoring Plan [
Approval Process Design Process
- Agency review -Servicing design
-SWM design
-Site level controls
-Agency review
Registered Plan
- Agency review
Stewardship o
SUbd'v:fl';J:sDeS'gn Implementation of
) Development
- Agency review

! This figure provides a general description of various land use planning stages which may not always
take place in this order and may not be limited to only these steps and studies. Requirements noted are
not an exhaustive list. Guidance regarding required supporting analysis and design should be obtained
from the relevant approval authorities which will be specific to the context of the proposed development.
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2.3 Overview of Landscape-based Stormwater Management
Planning

This section of the LID SWM Guide is focused on promoting an approach to the
planning and design of stormwater management systems and facilities that ensures that
infrastructure is fully integrated into the urban fabric of the community while protecting
natural heritage features and functions. This landscape-based approach to stormwater
management planning is founded on the principle that development form, servicing and
stormwater management strategies should be defined by the biophysical, hydrological
and ecological attributes of the landscape.

Landscape-based stormwater management planning is founded on an understanding of
the interrelated functions of the natural and hydrological features that comprise the
landscape. This approach has regard for the environmental context of a specific site or
sub-catchment within the matrix of the larger landscape, subwatershed and watershed,
including features, functions and systems that are situated beyond the limits of the site.
The landscape-based approach to stormwater management planning also recognizes
the importance of temporal, seasonal and microclimatic factors on ecological function.
The ultimate goal of a landscape-based approach to stormwater management planning
is to maintain the ecological integrity of healthy sites, subwatersheds and watersheds,
or enhance it where predevelopment conditions are degraded. The application of this
approach to stormwater management planning requires a comprehensive
understanding of natural and hydrologic features and functions, including the following:

e biophysical, hydrological, hydrogeological and natural heritage features;

o the interrelated functions of these features;

e modifying factors (such as climate); and

e temporal factors (such as seasonal changes, life cycles and successional
processes).

The landscape-based approach to stormwater management planning and design is also

founded on recognition of the value of land, both as a commodity and as the

fundamental basis of a sustainable ecosystem. The approach is focused on utilizing

land efficiently and where possible overlaying more than one function on any given

piece of land. This requires a commitment to innovation in the design process, which
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facilitates exploring opportunities to integrate stormwater management infrastructure
within the streets, lots, parks and other components of a proposed development.

To be successful, the landscape-based approach to stormwater management planning
must be implemented at successive stages and scales within the overall planning
process, beginning at the watershed scale and proceeding through the community or
subwatershed, neighbourhood and site scales and associated planning stages. At each
stage in the process, a multi-disciplinary team should identify opportunities to integrate
facilities into the landscape. These can be built upon and resolved in further detail at
subsequent stages in the planning process. Flexibility in the stormwater management
planning and design process is important to allow for innovative thinking and problem
solving. The product of this process will be a comprehensive and effective stormwater
management strategy that is comprised of a suite of practices that are fully integrated
into the landscape of a proposed development.

2.4 Landscape-based SWM Planning and Design Principles

The landscape-based stormwater management planning approach is founded on the
following principles:

Stormwater is a resource.

e Stormwater management facilities and practices (i.e., lot level, conveyance and
end-of-pipe practices) should be fully integrated within their physical, social and
ecological contexts.

e The planning of stormwater management facilities should be an integral
component of the overall land use and environmental planning process. It should
begin at the watershed scale to ensure that opportunities to achieve a full range
of community and environmental objectives and targets are realized, along with
the primary stormwater management objective and targets.

e The design process should be focused on maximizing the benefits that can be
achieved as a product of the implementation of stormwater management facilities,
including the protection and enhancement of existing natural heritage resources
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and the provision of recreational and interpretive opportunities.

Since developable land is a valuable and limited resource, integration of
stormwater management facilities with other land uses is desirable (e.g., within
road right-of-ways, below parking areas, sports fields or landscaped areas).

Stormwater management facilities should be situated and configured to ensure
that they are integral components of the community and regional open space
system, as well as to contribute to the quality of urban design of the community.

Stormwater management planning should consider the maintenance
requirements of facilities and aim to minimize them.

A range of innovative techniques should be used to enhance facility performance,
minimize maintenance requirements, ensure longevity and address public safety
issues in addition to other functional and pragmatic considerations.

Integration of stormwater management facilities into the landscape should take
place at a range of scales. However, proposed solutions should be supported by
strategies to ensure that long-term functional requirements are achieved when
facilities are proposed on private lands.

Whenever possible, public education and interpretation of the important function
of stormwater management facilities should be an integral component of the
management strategy for the community.

These principles provide the foundation for exploring innovative design solutions that
integrate stormwater management facilities into the landscape. The landscape-based
approach to stormwater management planning recognizes that some facilities take up
significant space in the community and therefore are key components of the visual
landscape and open space system.
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2.5 Integrated Design Process

The landscape in the CVC and TRCA watersheds is comprised of a diverse
assemblage of natural and cultural heritage elements integrated within a complex,
functional system. The influence of hydrology on the function of the individual
components of the system and the system as a whole is profound. The viability of
vegetation communities, aquatic and terrestrial habitats and other key natural and
cultural features within the landscape is directly influenced by hydrology. Modifications
to the hydrologic regime result in alterations to stormwater runoff patterns and water
guality. These changes can compromise the long-term sustainability of aquatic and
terrestrial natural heritage features and functions within the landscape. The complexity
of the system dictates that any planning process that changes the landscape to create a
new community, development or site-specific initiative, and the stormwater
management system related to the development, must have regard for all of the
interrelated features and functions that sustain the landscape.

The most effective way to achieve sustainable solutions is to use a design process that
dissects the landscape into its component parts, and then assesses and understands
the function of each part and its influence on the others and the whole. Although the
primary goal of the stormwater management design process is the appropriate
treatment of runoff to control the quantity and ensure the quality of stormwater
discharge, an understanding of the influences of runoff on all of the various features and
interrelated functions within the landscape is fundamental to the success of the design
process. The integrated design process is an effective means to ensure that
complementary environmental, social and practical objectives are achieved in the
development and design of stormwater management strategies.

To be fully effective, the integrated design process requires the involvement of a range
of disciplines including professionals from the fields of:

e engineering;
e landscape architecture;
e terrestrial and aquatic sciences;
e geosciences (hydrogeology, fluvial geomorphology); and
e planning.
2-9
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Additional expertise may be required, depending on the characteristics of the study area,
to ensure the planning and design decisions are made on the basis of a comprehensive
understanding of the features, functions and regional influences of the landscape and
the implications of the proposed development. The process also requires that a
comprehensive understanding of watershed management and natural heritage system
objectives and targets relevant to the site be gained early on in the planning and design
phase of the project. Itis also important that the design process has regard for the
long-term implications of development on the environment as well as recognition of the
anthropogenic influences that have contributed to the present state of the landscape,
with the objective of identifying opportunities for restoration and enhancement. The
involvement of a multi-disciplinary team is essential during the design process, to
ensure that objectives identified at the conceptual planning stage are achieved in the
detailed design. Although the specific contribution of each discipline may vary during
the design process, it is important that all disciplines be involved in the review of design
solutions at key milestones to ensure that the full range of objectives remains attainable
as the process moves forward.

The integrated design process is comprised of four progressive steps which are
described below:

Establish objectives
Identify targets
Define techniques
Design development

P wn PR

Step 1: Establish Objectives
It is necessary to establish a full range of environmental, social and functional objectives
to guide the planning and design process of a new development, regardless of scale.
Objectives should be established based on a detailed understanding of the environment
characteristics of the site and its larger contexts. Watershed and subwatershed studies
provide contextual information, objectives and targets for watershed management that
inform land use planning and stormwater management planning and design at both the
neighbourhood and site scales. Municipal and conservation authority stormwater
management guidelines and criteria documents provide specific objectives and targets
for stormwater management design. While objectives for stormwater management are
a subset of the complete suite of design objectives to address a full range of
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development considerations, it is important that they be considered as a first step in the
design process.

Step 2: Identify Targets

In addition to specific stormwater management targets, a full range of targets should be
established related to other design objectives. These may include targets relating to
development density, land use mix, transportation systems and natural heritage
systems that address ecological, social, functional, economic and practical
considerations. Targets related to operations and maintenance should also be
established for each component of a development to ensure that solutions proposed will
remain practical, affordable and operational over the long-term.

Step 3: Define Techniques

Once site and project-specific objectives and targets are established, the range of
stormwater management techniques required to achieve these targets is generated.
This will include techniques that go beyond those that relate specifically to servicing or
stormwater management. For example, techniques such as tree preservation and
enhancement of natural cover may relate more to natural heritage objectives, but can
also be effective stormwater management practices. Similarly there are techniques that
can be implemented related to road network configuration and design, grading, built
form and land use patterns that can contribute to the efficiency and effectiveness of a
stormwater management strategy for a development. For this reason it is essential that
a multi-disciplinary team be involved in the process of defining techniques to ensure that
all opportunities are identified and considered as well as to catalyze the development of
innovative, integrated solutions.

Step 4: Development Design

In this step stormwater management techniques are integrated and refined to generate
site-specific design solutions and implementation strategies. Development design
should be executed as a collaborative process involving the multi-disciplinary team. A
workshop or charette can be effective forums for refining design solutions efficiently
while ensuring that the interests of all disciplines are addressed. As the development
design phase proceeds, the solutions proposed should be evaluated with respect to the
objectives and targets established in the initial stages of the design process.
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The underlying goal of the integrated design process is to ensure that the fullest range
of opportunities to achieve stormwater management objectives are identified and
capitalized on, as well as to ensure that designs are resolved to achieve maximum
benefits that consider all development related factors, even at the finest level of detail.

2.6 Opportunities Afforded by Landscape and Context

An understanding of the landscape and regional context of a development site provides
inspiration and direction for the design of stormwater management systems that are
functionally effective, efficient and complementary to the environment and the
community of which they are a part. At the broad scale, planners can identify the basic
strategies to address stormwater management objectives. For example, as illustrated in
Figure 2.6.1, the underlying pervious soil stratigraphy associated with physiographic
regions like the Lake Iroquois Sand Plain and the Oak Ridges Moraine, signals the
potential to develop a stormwater strategy based primarily on infiltration practices. In
contrast, sites located on the more impervious clay-based soils of the South Slope and
Peel Plain may require the designer to explore strategies that employ a combination of
attenuation, filtration, harvesting, evapotranspiration and infiltration practices to achieve
stormwater management objectives. Stormwater management opportunities afforded by
the physiographic, biophysical and ecological characteristics of the landscape can be
identified and capitalized upon when sites are examined with consideration of regional
landscape and watershed scale contexts.

The watershed planning approach ensures that important natural features and
ecological functions and other factors that contribute to the sustainability of the regional
ecosystem are identified. Watershed and subwatershed plans provide the foundation for
developing a stormwater management strategy that capitalizes on the opportunities
afforded by context, while respecting and responding to the elements that are
fundamental to ensuring the long-term sustainability of the regional landscape.

The following section describes components of the regional landscape and the cues
that they provide for designing more sustainable stormwater management strategies.
Information and management recommendations regarding these components are
typically provided in watershed and subwatershed plans which help to inform planning
at more detailed scales of study.
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2.6.1 Physiography and Landform

The physiography of a proposed development site is a key determinant in the process
of formulating stormwater management strategies (Figure 2.6.1). In simplistic terms,
physiographic characteristics such as topography and the characteristics of the soils
and geology underlying the site dictate the potential to implement stormwater
management strategies that employ infiltration as the primary solution. Similarly, other
hydrogeologic characteristics such as depth to water table or depth to bedrock
profoundly influence the feasibility of using various types of stormwater management
facilities (also see section 2.6.5).

Landform also has a strong influence on the potential to implement various types of
stormwater management techniques. Landform provides insight on how to design
facilities such as ponds and wetlands so that they are well integrated into the landscape.
Landform also dictates flow patterns, runoff velocities and discharge rates. As a

general principle, development plans and stormwater management strategies should
respect existing landform characteristics including maintaining predevelopment

drainage divides and catchment area discharge points as closely as possible.

2.6.2 Ecological Context

The development of stormwater management practices (SWMPs), which include lot
level, conveyance and end-of-pipe facilities, but in particular, detention ponds and
wetlands, typically requires significant alteration of the landscape, not only in terms of
physical change, but also with respect to ecosystem function. Beyond simply managing
the quality and controlling the rate of discharge of runoff, ponds and wetlands can affect
the function of the landscape of which they are a part. Consequently, stormwater
management strategies need to be developed in consideration of their context not only
with respect to the physical landscape, but also related to the function of the
subwatershed ecosystem. The degree to which positive influences can be realized is
determined by factors relating to the selection, siting and design of facilities.

Stormwater management practices represent opportunities in the urban environment to
protect, enhance or complement existing wildlife habitat features and functions. These
opportunities are typically associated with linear corridors that ultimately connect with
the natural drainage system of the local landscape unit. Connecting SWMPs to
neighbouring natural areas can enrich wildlife habitat in the adjacent natural areas due
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to increased patch size or the provision of enhanced buffers. However, it is important to
note that SWMPs are functional components of the servicing infrastructure of a
development and as such, require periodic maintenance and management to ensure
their optimal function. Furthermore, SWMPs are designed to remove contaminants
from stormwater and as such, should not be considered natural habitat features.

While complementing wildlife habitat functions may be desirable in many circumstances,
there are also situations in which wildlife use of these facilities should be deterred. This
can include:

e Wwhere excessive numbers of animals are attracted and populations approach
nuisance levels;

e where flocking birds need to be controlled in the low altitude vicinity of airport flight
paths; and,

e where facilities are associated with or integrated into certain kinds of public park or
open space areas.

2.6.3 Natural Heritage and Open Space Systems

The configuration of the natural heritage and open space systems presents
opportunities to integrate stormwater management facilities into the landscape to
improve connectivity, enhance the integrity of core habitat areas, and provide a
spectrum of environmental benefits that extend well beyond the limits of the stormwater
management facility. An understanding of the key attributes and deficiencies of the
existing natural heritage system (both terrestrial and aquatic systems) is essential as a
basis for the development of stormwater management strategies, to ensure that
important features and functions are not compromised while identifying opportunities for
enhancement.

The configuration of the open space system within a development presents
opportunities to complement its size, function and connectivity through strategically
locating SWMPs. SWMPs can be designed to complement the open space system by
increasing its breadth, providing gateway points and view corridors and accommodating
uses that further enhance the function of parks and open spaces within the community.
It also presents opportunities to integrate SWMPs within parks and open spaces that
could enhance the performance of the overall stormwater management system while
2-15
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conserving developable land. Parks, sports fields, pedestrian plazas, walkways and
other open spaces that form the public realm of a community can be strategically
situated to accommodate SWMPs without compromising their utility or function.
Integrating SWMPs into public spaces reduces the developable portion of a site that is
used for stormwater management purposes.

2.6.4 Soils

The characteristics of soils within a site are key factors in designing stormwater
management systems. A soil profile comprised predominantly of high permeability soils
affords the opportunity to apply stormwater management strategies that employ
infiltration as the primary treatment process. In contrast, in areas where soill
permeability is low, the opportunities to use infiltration-based SWMPs may be limited,
requiring the exploration of strategies that employ filtration, harvesting,
evapotranspiration and detention as the primary treatment processes. The suitability of
the surface soil to support healthy, dense vegetation cover is also an important
consideration in the design of specific SWMPs that rely on vegetation as a functional
element (e.g., bioretention, swales, vegetated filter strips).

2.6.5 Hydrogeology

Developing stormwater management plans requires an understanding of the depth to
water table, depth to bedrock, native soil infiltration rates, estimated annual groundwater
recharge rates, locations of significant groundwater recharge and discharge,
groundwater flow patterns and the characteristics of the aquifers and aquitards that
underlay the area. Shallow groundwater or bedrock conditions may present challenges
with respect to the location, design and function of ponds and infiltration facilities. Of
paramount concern is the potential for contamination of groundwater resources through
the introduction of pollutants from stormwater into the groundwater system. In many
areas within the jurisdictions of TRCA and CVC, residents still rely on groundwater for
their potable water supply and so the protection of groundwater quality in these areas is
of critical importance. Another important consideration is the potential to deplete
groundwater resources (i.e., lowering of groundwater levels in aquifers) as a
consequence of unmitigated impacts on recharge from impervious cover.
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2.7 Benefits of the Treatment Train Approach

Effective stormwater management strategies employ a treatment train approach that
combines a suite of lot level, conveyance and end-of-pipe controls to treat runoff
efficiently and effectively. At the present time, reliance on larger end-of-pipe detention
pond facilities as the primary component of a stormwater management strategy is the
norm. This compromises opportunities to implement low impact development practices
that enhance the performance of stormwater management systems and provide
ecological sustainability benefits. Treatment train stormwater management strategies
that integrate a full range of facility types have the potential to achieve a broader range
of benefits including:

e maintaining and enhancing shallow groundwater levels and interflow patterns;

e maintaining predevelopment drainage divides and catchment discharge points;

e moderating run off velocities and discharge rates;

e improving water quality;

e enhancing evapotranspiration;

e maintaining soil moisture regimes to support the viability of vegetation
communities; and

e maintaining surface and groundwater supplies to support existing wetland,
riparian and aquatic habitats.

Chapter 4 of this guide describes low impact development stormwater practices that can
be applied as part of a treatment train approach to achieve this broader range of
benefits.

2.8 Importance of the Runoff Source Area

With respect to water quality, all urban stormwater runoff is not equal. The types and
levels of contaminants in runoff vary depending on the characteristics of the source area.
For example, source areas like roads or parking lots are subject to vehicular traffic and
application of sand and de-icing salt during winter, making them significant sources of
such contaminants as sediment, de-icing salt constituents (e.g., sodium and chloride),
petroleum hydrocarbons and heavy metals. In contrast, roofs are only subject to
atmospheric deposition of contaminants and are not subject to vehicular traffic, nor the
2-17

Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

spreading of sand and de-icing salt. Roof runoff typically contains much lower levels of
petroleum hydrocarbons and heavy metals than road runoff, particularly in residential
areas, and is generally suitable for infiltration. Contaminant levels in runoff from low
and medium traffic roads and parking lots, pedestrian plazas and walkways are typically
lower than from highways or high traffic parking lots and can represent opportunities to
minimize runoff through the application of permeable pavement or other infiltration
practices. Certain types of source areas, referred to here as “pollution hot spots”, have
a high potential to generate contaminated runoff due to the human activities and
contaminant sources typically present, such as vehicle fuelling, service or demolition
areas, outdoor storage and handling areas for hazardous materials and some types of
manufacturing or heavy industry. Such differences in runoff contamination potential
have implications on the types of treatment practices that are suitable and on
opportunities for rainwater harvesting and the use of permeable pavements.

It is important that stormwater management plans be developed with consideration of
the different types of runoff source areas that will be present, and recognition of source
areas with low to moderate contamination potential that represent opportunities for
rainwater harvesting, permeable pavement and other stormwater infiltration practices.
Furthermore, it is vital to ensure that relatively clean runoff is not mixed with lesser
guality runoff from surfaces that are subject to higher levels of contamination, rendering
it less suitable for infiltration or harvesting. Table 2.8.1 provides descriptions of some
general types of source areas, contaminant types and levels typically present in runoff
and suggestions for suitable treatment practices and principles for their application.
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Table 2.8.1 Types of stormwater source areas, typical runoff characteristics and opportunities for treatment and use

Stormwater Source Area

Runoff Characteristics

Opportunities

Principles

Foundation drains, slab
underdrains, road or
parking lot underdrains

Relatively clean, cool water.

Suitable for infiltration or direct

discharge to receiving watercourses.

Should not be directed to stormwater
management facility that receives
road or parking lot runoff.

Roof drains, roof terrace
area drains, overflow from
green roofs

Moderately clean water,
contaminants may include asphalt
granules, low levels of
hydrocarbons and metals from
decomposition of roofing
materials, animal droppings,
natural organic matter and fall out
from airborne pollutants,
potentially warm water.

- Infiltration;

- Filtration;

- Harvesting with rain barrels or
cisterns and use for non-potable
purposes (e.qg., irrigation, toilet
flushing) after pretreatment;

- Attenuation and treatment in wet
pond or wetland detention facility.

Runoff should be treated with a
sedimentation and/or filtration
practice prior to infiltration. Where
possible, runoff should not be
directed to end-of-pipe facilities to
capitalize on potential for infiltration
or harvesting. Flow moderation
(quantity control) prior to discharge to
receiving watercourse is required.

Low and medium traffic
roads and parking lots,
driveways, pedestrian
plazas, walkways

Moderately clean water,
contaminants may include low
levels of sediment, de-icing salt
constituents, hydrocarbons,
metals and natural organic
matter. Typically warm water.

- Infiltration after pretreatment;

- Filtration after pre-treatment;

- Harvesting with cisterns or
permeable pavement reservoirs and
use for outdoor non-potable
purposes (e.g., vehicle washing,
irrigation) after pretreatment;

- Attenuation and treatment in wet
pond or wetland detention facility.

Runoff should be treated with a
sedimentation and/or filtration
practice prior to infiltration. Flow
moderation (quantity control) prior to
discharge to receiving watercourse is
required. Water quality should be
tested prior to use for non-potable
purposes.

High traffic roads and
parking lots

Potential for high levels of
contamination with sediment, de-
icing salt constituents
hydrocarbons and metals.
Typically warm water.

- Filtration after sedimentation pre-
treatment;

- Attenuation and treatment in wet
pond or wetland detention facility;

- Infiltration after pretreatment only
where groundwater uses are limited.

Runoff should be treated with a
sedimentation and/or filtration
pretreatment practice prior to
infiltration.

Pollution hot spots* such
as vehicle fueling,
servicing or demolition
areas, outdoor storage
and handling areas for
hazardous materials,
some heavy industry sites

Potential for high levels of
contamination with sediment, de-
icing salt constituents,
hydrocarbons, metals, and other
toxicants.

- Attenuation and treatment in wet
pond, wetland or hybrid detention
facility;

- Potential requirement for
sedimentation pretreatment;

- Infiltration and harvesting practices
not recommended.

Runoff from these sources should
not be infiltrated or used for irrigation.
Spill containment or mitigation
devices recommended contingent on
size of storage facilities.

* Pollution hot spots are areas where certain land uses or activities have the potential to generate highly contaminated runoff (e.g., vehicle fuelling,
service or demolition areas, outdoor storage and handling areas for hazardous materials and some heavy industry sites).
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2.9 Landscape-Based Stormwater Management Opportunities

Landscape-based stormwater management strategies can be applied at various scales
ranging from the community scale (e.g., Secondary Plan or Block Plan stages),
neighbourhood scale (e.g., Draft Plan of Subdivision or Registered Plan stages) to the
site scale. The most effective strategies are developed at larger scales and
subsequently refined at progressively more detailed scales in the planning and design
process. Stormwater management opportunities identified at the larger scales provide
the basis for an overall stormwater management strategy that functions as a system of
integrated facilities applied at the subdivision or site scales. In addition, the recent
focus on intensification within existing urban areas dictates the need to identify
opportunities to retrofit stormwater management practices into existing developments
and service infrastructure contexts. Creative problem solving will be required to achieve
stormwater management objectives within these constrained sites.

Throughout the full range of scales, there is a need to consider landscape and the
elements of urban development as a cohesive unit in order to identify the most effective
set of solutions for a particular site. Components of urban development such as built
form, roads and services present opportunities to achieve stormwater quality and
guantity control objectives through innovative design. For built form, alternatives
include the incorporation of green roofs, permeable pavement, and rainwater harvesting
systems. With respect to roads, options include reduced on-street parking, innovative
road network designs (e.g., fused grid road network; CMHC, 2007), the installation of
permeable pavement, the use of swales, vegetated filter strips and bioretention areas in
boulevards or the integration of perforated pipe systems beneath the road bed. The
application of these alternatives can help reduce reliance on end-of-pipe facilities by
reducing the quantity of impervious cover in a development and treating stormwater
closer to where it is generated. Opportunities that can be applied at scales ranging from
large scale to site specific are discussed in the following sections.

2.9.1 Opportunities at the Community Scale

At the community scale (e.g., Secondary and Block Plan stages), the exploration of
stormwater management solutions should be focused on a thorough understanding of
the physical and ecological characteristics of the landscape. The properties of the
native soils, groundwater depth and flow patterns, topography and the assemblage of
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natural heritage features within and adjacent to the limits of the site provide the
fundamental basis for the exploration of landscape-based stormwater management
strategies. Characteristics of the landscape can have a profound influence on
stormwater management objectives and therefore the environmental inventory phase of
the community design process needs to be sufficiently detailed. In addition to
inventories of natural heritage features and functions that would typically be addressed
within an Environmental Impact Report (EIR) or Master Environmental Servicing Plan
(MESP), a landscape-based approach to stormwater management planning requires
understanding the following additional parameters:

e small headwater drainage features and their contributing catchment areas; and
e groundwater recharge rates, flow patterns and discharge areas.

As an initial step in the planning process, opportunities to conserve natural heritage
features (i.e., green infrastructure) should be identified and features that contribute to
the ecological integrity of the landscape should be incorporated into the overall
development scheme (e.g., Figure 2.9.1). Natural features should be considered for
preservation not only because of their ecological value and habitat function, but also in
consideration of their contribution to evapotranspiring and infiltrating stormwater.
Enhancement of the urban tree canopy and extent of forest cover in urban/urbanizing
subwatersheds is an effective stormwater management strategy (TRCA, 2007c, TRCA,
2007d; TRCA 2008a). Preservation of existing natural heritage features can
complement the function of SWMPs as part of a comprehensive stormwater
management strategy.

New developments and communities are designed in consideration of a full range of
environmental, transportation, social, practical and functional objectives to optimize their
function, marketability and long term sustainability. It is important that stormwater
management objectives be considered in the process of planning each of these
components. For example, as mentioned in section 2.6.1, maintaining predevelopment
drainage divides and catchment discharge points as closely as possible should be an
objective that is considered. One means of achieving this is to align major roads to
follow the divides between sub-catchment areas and local roads to follow overland flow
directions. Open space components within a community plan should be situated, where
possible, near the downstream limit of the sub-catchment area in order to optimize the
potential to integrate stormwater management facilities within the open space system.
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A suggested process for identifying landscape-based stormwater management
opportunities at the community scale (e.g., Secondary Plan or Block Plan stage) is
comprised of the following steps:

10.
11.

Use available information from regional, watershed and subwatershed scale
studies to develop an understanding of the environmental contexts in which the
site is located and the watershed management objectives and targets (e.g.,
stormwater management, natural heritage system and aquatic community
objectives/targets) relevant to the site.

Undertake a comprehensive inventory of the biophysical, ecological and
hydrological characteristics of the site.

Identify existing terrestrial and aquatic natural heritage features and functions that
require protection as the basis for a natural heritage system.

Identify opportunities to enhance features, connectivity and functional integrity of
the natural heritage system.

Identify soil and hydrogeologic conditions that are well-suited for stormwater
infiltration practices.

Identify patterns of shallow groundwater flow and locations of discharge to
receiving watercourses or wetlands within or adjacent to the limits of the site.
Identify strategic and desirable locations for stormwater management practices
(SWMPs) and the nature and function of facilities (e.qg., attenuation, infiltration,
filtration, evapotranspiration, harvesting, etc.).

Identify a long list of opportunities to integrate desirable SWMPs into components
of the community or built form.

Explore a full range of design options for the community that can achieve
stormwater management objectives in conjunction with other community design
objectives.

Develop the community design plan.

Resolve the design of the stormwater management strategy including defining the
SWMPs to be incorporated into the design of specific components of the
development and establish specific design and performance criteria for each
practice.
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Figure 2.9.1 Block plan — catchment area and natural heritage system delineation as the basis for an
integrated stormwater management strategy

Block Plan — Catchment Area and Natural Heritage System Delineation as the Basis for an Integrated SWM Strategy.

Source: Schollen and Company Inc. et al. 2006, Markham Small Streams Study
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This process differs from traditional development planning and design processes in the
following ways:

e detailed environmental inventory information regarding small drainage features
and groundwater recharge, flow directions and discharge areas is required early
in the process;

e where possible, configuration of the major road network and development blocks
is defined by sub-catchment boundaries within the site;

e where possible, configuration of the local road network follows overland flow
directions;

e open space corridors are located along important drainage features;

e where possible, parks are located at the downstream end of sub-catchments that
contribute runoff to important drainage features to provide opportunities for
integration of SWMPs;

e where underlying soils and geology are conducive, infiltration practices are a
major component of the stormwater management system;

e surface conveyance systems (e.g., grassed swales) are considered, where
feasible; and

e consideration is given to alternative built forms where topographic or
hydrogeologic constraints exist.

It is at the community scale that the full range of opportunities to achieve stormwater
management objectives is identified. This establishes a template for more detailed
resolution of the site specific design of SWMPs at subsequent stages in the planning
and design process. To be fully effective, it is important at this early stage to explore
the broadest range of SWMPs in order to ensure that opportunities are not missed prior
to embarking on more detailed planning stages. Figures 2.9.2 to 2.9.4 illustrate the
theoretical community design plan that would result from application of the landscape-
based stormwater management planning process described above.
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Figure 2.9.2 Stormwater management integrated within a theoretical community plan

Stormwater Management Integrated within Theoretical Community Plan

Source: Schollen and Company Inc. et al. 2006, Markham Small Streams Study
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Figure 2.9.3 Demonstration plan —residential and institutional sub-catchment

Source: Schollen and Company Inc. et al. 2006, Markham Small Streams Study
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Figure 2.9.4 Demonstration plan —commercial and mixed use sub-catchment

Source: Schollen and Company Inc. et al. 2006, Markham Small Streams Study
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2.9.2 Opportunities at the Neighbourhood Scale

At the neighbourhood scale (e.g., Draft Plan of Subdivision stage), the location of lots,
roads, parks and open space blocks, natural heritage features and buffers and SWMPs
are defined. Consequently, it is important at this stage in the planning process to
consider how stormwater management objectives can be achieved and how these
objectives might influence the location and configuration of each of the components
listed above. Atthe neighbourhood scale, there are opportunities to achieve stormwater
management objectives:

¢ inroad rights-of-way;
¢ in parks and open spaces; and
e at the lot level.

Road Right-of-Way Opportunities

The road network comprises a significant component of a Draft Plan of Subdivision with
its configuration typically designed to address transportation, transit and servicing
objectives alone. However, the road network also represents potential opportunities for
low impact development (LID) practices that can help to minimize and treat runoff and
achieve stormwater management objectives. Such opportunities include:

e incorporating SWMPs such as bioretention areas, soakways or permeable
pavement into boulevards, parking lanes, cul-de-sac islands and roundabouts,
and perforated pipe conveyance systems below the road bed;

e minimize impervious surfaces through innovative road network design (e.g.,
fused grid road network; CMHC, 2007) and by designing low traffic roads with
only one lane of parking, sidewalks on only one side, and/or infiltration island cul-
de-sacs or roundabouts.

Parks, Recreation and Open Space Opportunities

Parks, recreation areas (e.g., sports fields) and open spaces present the potential to
integrate SWMPs as amenities within the landscape. However, it is important that the
integration of SWMPs within the public amenity space does not compromise its utility or
function.
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Integrating SWMPs within parks and open spaces provides opportunities to:

e construct infiltration or filtration facilities beneath sports fields, picnic areas,
parking lots, playgrounds, trails and walkways;

e incorporate bioretention, vegetated filter strips and swales into open spaces as
components of the landscaping plan;

e integrate SWMPs as water feature amenities within a park; and

e incorporate infiltration facilities within buffers adjacent to natural heritage features
where the function and ecological integrity of the feature would not be
compromised.

Lot Level Controls

At the neighbourhood scale (e.g., Draft Plan of Subdivision stage), opportunities for a
full range of lot level controls should also be considered. Lot level stormwater
management facilities can be designed to be aesthetically attractive landscaping areas
at the surface (e.g., rain gardens/bioretention areas, green roofs, vegetated filter strips),
or subsurface practices located below parking areas, roads, walkways, plazas, parks or
sports fields that are not visible and take up no footprint at the surface.

However, unlike conveyance and end-of-pipe controls that typically become property of
the municipality and are operated and maintained as public infrastructure, operation and
maintenance of lot level controls on private property are the responsibilities of the
individual property owners, managers or management organizations. To ensure that
their functions are maintained over the lifespan of the facility, legal agreements
regarding their long term operation and maintenance will need to be established, and
training provided on their function and inspection and maintenance requirements.

As integrated components of the overall stormwater management strategy developed at
the Draft Plan of Subdivision stage, the feasibility and long term viability of lot level
controls need to be confirmed at the outset in consultation with the municipality to
ensure that the strategy proposed can be implemented and will remain effective. The
successful application of lot level controls requires both the commitment of the
municipality and the establishment of agreements between the developer, municipality
and property owner. Strategies to achieve this include:

e placing easements over the areas within which the infrastructure is located in
favour of the municipality to allow for periodic inspection and maintenance of the
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facility should the owner or manager fail to do so;

placing outlet control structures (e.g., an orifice control on a bioretention system
outlet) on municipal property outside the limit of the private land holding to allow
for inspection, operation and maintenance by municipal personnel;

requiring the submission of performance monitoring reports for review by the
municipality or conservation authority;

requiring a legal agreement to ensure that the system remains fully operational
and is properly maintained;

requiring the owner to pay the present value LID maintenance cost for the
service life of the development into a municipal maintenance fund; and

implementing an annual storm sewer user fee as part of municipal property tax or
water bills based on the quantity of impervious cover that drains directly to a
storm sewer (i.e., does not first drain to a pervious area or LID practice) as an
incentive for property owners to maintain existing LID practices and retrofit new
practices on their properties where possible.

Implementation of a property owner/manager education program that is focused on
ensuring operation and maintenance of lot level controls is also critical to realize
consistent benefits over the long-term. A property owner/manager education program
should be comprised of the following:

Pre-Sales Information Package: This information package should be provided to
prospective buyers and made available as a display in the sales office. The
package should describe the lot level control to be implemented, its operation
and the basic maintenance requirements. It is important that this information
package also stipulate clearly that the lot level control is not to be altered.

Purchase Agreement Package: This information package should form part of the

agreement to purchase the property and should describe the system and any

maintenance requirements as well, to encourage homeowners to maintain the

installation. It is important that this document be focused on encouraging the
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maintenance of lot level initiatives. This information package should also be
attached to the purchase agreement of subsequent property owners in the event
that the property is resold in the future.

e Property Owner’s Guide: A user-friendly property owner’s guide should be
distributed to residents after they move in. The guide should be simple and
informative and should provide a basic description of the lot level control, its
function and any maintenance requirements.

e Newsletter: In some communities, periodic newsletters are circulated informing
homeowners of the activities which are occurring in their community. Information
regarding the function of lot level controls should be included in the newsletter on
a periodic basis. This approach serves to remind homeowners about the need to
ensure that the function of the installation should be maintained.

Implementation of lot level controls can effectively reduce reliance on end-of-pipe
facilities and result in a stormwater management strategy that is more beneficial to the
environment than conventional end-of-pipe based solutions. Other incentives for
implementing lot level controls include reduced costs for the construction of end-of-pipe
facilities and potential reductions in the amount of land needed for SWMPs. Legal
agreements and training regarding long term operation and maintenance of lot level
controls on private property will be required, in order to allow reductions in the required
size of downstream end-of-pipe controls as compensation for implementing lot level
controls upstream. In evaluating the viability of this approach on a particular site,
stormwater management system designers will need to quantitatively estimate the
performance of upstream SWMPs in order to rationalize a requested reduction in size of
an end-of-pipe facility and must get approval from regulatory agencies.

The following sections describe different types of lot level stormwater management
controls that should be considered at the neighbourhood scale (e.g., Draft Plan of
Subdivision stage).

Depression Storage

Directing drainage from roof downspouts to shallow depressed areas in front, rear and

side-yard areas is a simple technique to store and infiltrate runoff where possible.

Depression storage areas can be located in low areas, planted as gardens or situated
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beneath decks. Typically, depression storage areas are small and have limited capacity
and limited duration of retention in order to address property owner concerns relating to
insects, damage to structures and inconvenience of ponded water on their property.
Although their individual effectiveness is limited by their size, cumulatively depression
storage areas can provide significant benefits in a stormwater management system.

Depression storage and other stormwater infiltration practices are particularly effective

in areas with high soil permeability. Stormwater directed to depression storage and
other infiltration practices should be from relatively clean sources including roof leaders
and walkways, rather than surfaces prone to the accumulation of sand, oil and grit, to
ensure the long-term function of the facility. Infiltration practices should not be

proposed in areas where the water table is shallow or where there is the potential for
stormwater with high contaminant concentrations. Care must be taken on properties
where potable water sources are groundwater based to ensure that infiltration practices
will not impair the quality of groundwater in underlying aquifers for use as drinking water.
Depression storage and infiltration practices should be designed with an overflow outlet
to ensure that positive drainage away from the basement of the building is achieved in
the event that the function of the installation is compromised, or its capacity is exceeded.

Bioretention Areas

Bioretention areas are shallow excavated surface depressions containing mulch and a
prepared soil mix and planted with specially selected native vegetation that captures
and treats runoff (see section 4.5 for detailed design guidance). During storms, runoff
ponds in the depression and gradually filters through the mulch, prepared soil mix and
root zone. The filtered runoff can either infiltrate into the native soil or be collected in a
perforated underdrain and discharged to the storm sewer system. They remove
pollutants from runoff through filtration in the soil and uptake by plant roots and can help
to reduce runoff volume through evapotranspiration and full or partial infiltration. They
can also provide wildlife habitat and enhance local aesthetics.

Bioretention areas can be integrated into a range of landscape areas including medians
and cul-de-sac islands, parking lot medians and boulevards. A variety of planting and
landscape treatments can be employed to integrate them into the character of the
landscape. Biofilters are a design variation that feature an impermeable liner and
underdrain due to site constraints and are typically applied as pretreatment to another
stormwater control although they can be effective as stand alone filtration facilities.
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Rain Gardens

A variation on depression storage and bioretention areas, the rain garden is a
deliberately designed landscape, with specific plant species and soil media to receive
and detain, infiltrate and filter runoff discharged from roof leaders (see section 4.5 for
detailed design guidance). Rain gardens are effective in both new and retrofit situations
and can be designed to complement the landscape of most properties. The rain garden
is constructed on a base of granular material with plant material selected for its rooting
characteristics and tolerance of varying soil moisture conditions. The drainage area of
the roof plane contributing to the downspout determines the size of the garden.

As with depression storage, rain garden installations are effective in areas where soill
permeability is high. In addition, provision must be made to facilitate positive drainage
away from the rain garden in the event storm flows exceed capacity. Although rain
gardens were initially conceived for implementation on private residential lots under
retrofit situations, they are also applicable to larger commercial, industrial, institutional
and condominium developments as components of a treatment train stormwater
management strategy.

Soakaways

Soakaways, which can also be referred to as infiltration trenches, galleries or chambers,
are constructed below grade and therefore take up little or no space at the surface (see
section 4.4 for detailed design guidance). Such facilities can be installed below a broad
range of land uses including residential yards, parking areas, walkways, pedestrian
plazas, parks and sports fields. The following are examples of approaches that can be
employed to integrate soakaways into the landscape:

e Linear soakaways or infiltration trenches can be designed for installation beneath
granular surfaced trail systems. Runoff from the adjacent development can be
directed to the infiltration trench, while the trail network enhances the connectivity
of the open space network within the community.

¢ In new communities that have been designed based upon the principles of new
urbanism, soakaways can be incorporated into the rear laneways. Runoff from
the roof areas of adjacent garages and residences is directed to the soakaway.
Soakaways can also be retrofitted below rear laneways (e.g., City of Chicago
Green Alleys program).
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e Soakaways can be constructed beneath decks, lawns and driveways of
residential properties.

Permeable Pavement

Permeable pavement is a variation on traditional pavement design that utilizes pervious
paving material underlain by a uniformly graded stone reservoir (see section 4.5 for
detailed design guidance). The pavement surface may consist of permeable asphalt,
permeable concrete, permeable interlocking concrete pavers, concrete grid pavers and
plastic grid pavers. Openings in permeable interlocking concrete pavers, concrete grid
pavers and plastic grid pavers are typically filled with pea gravel, sand or top soil and
grass. Permeable pavements prevent the generation of runoff by allowing precipitation
falling on the surface to infiltrate into the stone reservoir and, where suitable conditions
exist, into the underlying soil. They are most appropriately applied in low to medium
traffic areas (e.g., residential roads, low traffic parking lots, driveways, walkways, plazas,
playgrounds, boat ramps etc.) that typically receive low levels of contaminants. In
addition to the stormwater management benefits, permeable pavements can be more
aesthetically attractive than conventional, impermeable pavements.

Vegetated Filter Strips

Gently sloping, densely vegetated areas that are designed to treat runoff as sheet flow
from adjacent impervious surfaces (see section 4.6 for detailed design guidance). Filter
strips function by slowing runoff velocities and filtering out sediment and other pollutants,
and by providing some infiltration into underlying soils. Filter strips may be comprised of
a variety of trees, shrubs, and native vegetation to add aesthetic value as well as water
quality benefits. They are best suited to treating runoff from roads and highways, roof
downspouts and low traffic parking lots. They are also ideal as pretreatment to another
lot level or conveyance practice. Filter strips also provide a convenient area for snow
storage and treatment.

Conveyance Controls

Opportunities to incorporate conveyance controls also need to be considered at the
neighbourhood scale (e.g., Draft Plan of Subdivision stage). Conveyance controls
include grassed swales and perforated pipe systems (i.e., exfiltration systems), which
treat and infiltrate runoff while it is being transported from individual lots to a treatment
facility and ultimately, to the receiving watercourse or water body. Where suitable
conditions exist, they can be used instead of conventional storm sewer pipes.
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Conveyance controls are typically situated within road rights-of-way or on other public
property and are operated and maintained as part of municipal infrastructure. However,
their operation and maintenance requirements differ from conventional stormwater
conveyance infrastructure. To ensure the facilities are properly maintained over their
expected lifespan, municipal staff will need to be provided training on their function,
inspection and maintenance requirements.

The following sections describe different types of conveyance controls that should be
considered at the neighbourhood scale (e.g. Draft Plan of Subdivision stage).

Grass Swales

Grass swales are vegetated, open channels designed to convey, treat and attenuate
runoff. Design variations include simple grass channels, enhanced grass swales (see
section 4.8 for detailed design guidance), and dry swales or bioswales (see section 4.9
for detailed design guidance). Vegetation in the swale slows the water to allow
sedimentation, filtration through the soil matrix and root zone, and infiltration into the
underlying native soil, where suitable conditions exist. They are well suited for treating
highway or residential road runoff because they are linear practices but may not be well
suited to high density urban areas because they require a relatively large area of
pervious surfaces. Swales can also be used as snow storage areas.

Perforated Pipe Systems

A stormwater conveyance system that features pipe that is perforated along its length
and installed in a granular bedding which allows infiltration of water into the native soll
through the pipe wall as it is conveyed (see section 4.10 for detailed design guidance).
They can also be referred to as pervious pipes, percolation drainage systems or
exfiltration systems. Design variations can also include catchbasins that are connected
to granular stone reservoirs by pervious pipes or where the catchbasin sumps are
perforated, allowing runoff to gradually infiltrate into the native soil. They are best suited
to treat drainage from low to medium traffic areas with relatively flat or gentle slope.
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2.9.3 Opportunities at the Site Scale

At the site scale (e.g., Site Plan stage), both the detailed configuration of built form and
landscape are resolved, presenting a range of opportunities to design stormwater
management controls as integral components of the development site. At this scale,
there are opportunities to integrate stormwater management practices (SWMPs) into all
of the components of a development including landscaped areas, parking areas, roof
tops and subsurface infrastructure. Figures 2.9.5 and 2.9.6 illustrate examples of how
SWMPs can be fully integrated into the design of the site. Facility designs must be
considered in the context of the overall stormwater management strategy developed at
the neighbourhood scale to ensure that watershed management objectives, targets and
functional requirements are achieved. Legal agreements, incentives and/or property
owner education materials may be needed to ensure long term operation and
maintenance of stormwater management practices implemented at the lot level (see
Section 2.9.2 - Lot Level Controls for further guidance).

Potential opportunities to integrate SWMPs at the site level stage in the planning
process include:

e harvesting of rainwater from rooftops for non-potable uses (e.qg., irrigation, toilet
flushing) using rain barrels or cisterns;

e installation of green roofs;

e drainage of runoff from rooftops to pervious or depression storage areas;

e integration of soakaways (e.qg., infiltration trenches or chambers) below
landscaped areas, parking areas, parks, sports fields, etc.;

e incorporation of bioretention areas, rain gardens, biofilters or constructed
wetlands into the landscape design for the site;

e use of permeable pavement in low and medium traffic areas;

e incorporation of bioretention areas, vegetated filter strips, and swales to intercept
and treat parking lot and road runoff;

e incorporation of woodland restoration in upstream areas to reduce runoff rates;

e integration of detention ponds and wetlands as large aesthetic and recreational
features within the landscape.
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Figure 2.9.5 Institutional building —integrated stormwater management and landscaping plan

Source: Thunder Bay Regional Health Centre Model Study
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Figure 2.9.6 Integrated stormwater management and landscaping plan for a school

Source: Bill Crothers Secondary School, Town of Markham.
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2.9.4 Infill and Redevelopment Opportunities

Infill and redevelopment present the most complex challenges with respect to
integrating landscape-based solutions for stormwater management. This is because:

e sites are typically constrained with respect to the extent of potential open space
available;

e there is typically limited flexibility to manipulate topography since grades around
the perimeter of the site are fixed;

e service infrastructure around the site, including stormwater conveyance systems
are typically fixed in terms of location, depth and capacity; and

e the presence of other service infrastructure beneath and around the site may limit
potential excavation depths and opportunities for infiltration.

As a result, the exploration of stormwater management solutions for infill and
redevelopment sites requires a high level of imagination, ingenuity and creativity.
Figures 2.9.7 to 2.9.9 illustrate examples of SWMPs that can be incorporated into infill
and redevelopment contexts.
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Figure 2.9.7 Landscape-based stormwater management strategy — infill site

Landscape Based Stormwater Management Strategy — Infill Site
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Figure 2.9.8 Examples of integrated SWM practices in infill and redevelopment sites

Source:, Schollen & Company Inc.

The opportunity for incorporating stormwater management facilities into infill and
redevelopment sites needs to consider context and the limits of both landscape and
built form. Stormwater management opportunities that should be explored for infill and
retrofit developments include:

e roof top storage;
e green roofs;
e rainwater harvesting;
e bioretention areas;
e Dbiofilters;
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e grassed swales;

e permeable pavement;

e rain gardens;

e stormwater planters and fountains;
e depression storage,;

e soakaways;

e constructed wetlands; and

e enhanced urban tree canopy.

Details regarding the application and design of these stormwater management
techniques are discussed in Chapter 4.

Figure 2.9.9 More examples of SWM in infill and redevelopment sites

Durham College / UOIT - Linear SWM
Wetland, Oshawa, Ontario — Schollen &
Company Inc.

Biofilters — Edithvale Community Centre (Source: Schollen & Company Inc.)
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3.0 LOWIMPACT DEVELOPMENT PRACTICES
3.1 Principles of Low Impact Development

As noted previously, in Ontario a treatment train approach to stormwater management,
that utilizes a combination of lot level, conveyance and end-of-pipe practices, is
advocated for new and infill development to maintain the hydrologic cycle, protect water
quality and prevent erosion and flooding (OMOE, 2003). Low impact development (LID)
practices can be an integral part of a treatment train approach to stormwater
management. This section of the LID SWM Guide focuses on low impact development
practices that have only recently been accepted and applied in Ontario as part of the
treatment train approach. These practices include innovative site design strategies that
minimize runoff (i.e., nonstructural LID practices). They also include distributed, small
scale lot level and conveyance practices (i.e., structural LID practices) such as
rainwater harvesting, green roofs, soakaways, bioretention, vegetated filter strips,
permeable pavement, perforated pipe systems, and swales. Acknowledging that end-
of-pipe facilities are also an integral part of the treatment train approach, the reader is
urged to refer to the OMOE Stormwater Management Planning and Design Manual
(OMOE, 2003) for direction on incorporating practices such as wet detention ponds and
wetlands into the overall planning and design for stormwater management.

A variety of terms have been used to describe the overall design philosophy of
managing runoff as close to the source as possible. Low impact development is the
term used here but it can be alternately referred to as, better site design, sustainable
urban drainage systems, water sensitive urban design, or stormwater source controls.
All of these approaches attempt to reproduce the predevelopment hydrologic regime
through innovative site design and distributed engineering techniques aimed at
infiltrating, filtering, evaporating, harvesting and detaining runoff, as well as preventing
pollution. Key principles for low impact development design can be summarized as
follows:

1. Use existing natural systems as the integrating framework for planning
- Consider regional and watershed scale contexts, objectives and targets;
- Look for stormwater management opportunities and constraints at
watershed/subwatershed and neighbourhood scales;
- Identify and protect environmentally sensitive resources;
- see Chapter 2 for further guidance on the landscape-based approach to
stormwater management planning and design.

2. Focus on runoff prevention
- Minimize impervious cover through innovative site design strategies and
application of permeable pavement;
- Incorporate green roofs and rainwater harvesting systems in building designs;
- Drain roofs to pervious areas with amended topsoil or stormwater infiltration
practices;
- Preserve existing trees and design landscaping to create urban tree canopies.
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3. Treat stormwater as close to the source area as possible
- Utilize decentralized lot level and conveyance stormwater management
practices as part of the treatment train approach;
- Flatten slopes, lengthen overland flow paths, and maximize sheet flow;
- Maintain natural flow paths by utilizing open drainage (e.g., swales).

4. Create multifunctional landscapes
- Integrate stormwater management facilities into other elements of the
development to conserve developable land;
- Utilize facilities that provide filtration, peak flow attenuation, infiltration and water
conservation benefits;
- Design landscaping to reduce runoff, urban heat island effect and enhance site
aesthetics.

5. Educate and maintain
- Provide adequate training and funding for municipalities to monitor and maintain
lot level and conveyance stormwater management practices on public property;
- Teach property owners, managers and their consultants how to monitor and
maintain lot level stormwater management practices on private property;
- Establish legal agreements to ensure long-term operation and maintenance.

Typical LID designs incorporate more than one type of practice or technique to provide
integrated treatment of runoff from a site. For example, in lieu of a treatment pond
serving a new subdivision, planners might incorporate a bioretention area in each yard,
disconnect downspouts from impervious surfaces, remove curbs and install grassed
swales in common areas. Each LID practice incrementally reduces the volume of
stormwater as it moves from the source area to the receiving waterbody. In doing so,
LID practices are applied to meet stormwater management targets for water quality,
channel erosion control and water balance. Although LID practices are not intended to
meet stormwater management targets for flood control, they do provide some benefit in
this regard.

LID practices, applied together with conventional end-of-pipe facilities, can provide
better runoff and pollutant load reduction, be more cost effective, have lower
maintenance burdens, and be more protective of aquatic habitat during extreme storms
than end-of-pipe facilities alone. Several practices may be needed to achieve the
required storage volume. The precise type and number of LID practices depends on
several factors including land use, soils, geology, groundwater levels, groundwater
uses, and the sensitivity of the receiving waterbody.

It should also be noted that LID practices may be beneficial in order to meet objectives
other than those for stormwater management. For example, the City of Toronto, City of
Mississauga and Town of Caledon have developed green development standards in
which a variety of LID practices can help meet objectives relating to energy and water
conservation, reduced use of materials and reduction of the urban heat island effect
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(City of Toronto, 2007b; City of Mississauga, 2009; Town of Caledon, 2009).
Furthermore, a recent housing development in Guelph (Reid Homes, 2007) and Halton
Hills (Meadows in the Glen, 2009) have incorporated a variety of practices including
rainwater harvesting, bioretention, enhanced grass swales and permeable pavement in
order to meet green building certification requirements.

The following section provides guidance regarding innovative site design (i.e., non-
structural) strategies. The remainder of this chapter focuses on factors to be
considered in the process of selecting and designing structural LID practices for
stormwater management.

3.2 Low Impact Development Site Design Strategies

Increases in the quantity, rate, and frequency of runoff can be linked to two root causes:
the conversion of undeveloped or agricultural land cover to urban uses, and the
application of storm sewer systems. The goal of LID site design strategies is to minimize
these two sources of hydrologic impacts. Avoiding downstream impacts through non-
structural, innovative site design methods is more economical, operationally efficient,
and aesthetically pleasing than concentrating all stormwater management efforts on
treating and controlling runoff downstream. Therefore, site designers should exhaust all
opportunities for non-structural methods to prevent runoff from being generated before
determining how to mitigate the land cover change and storm sewer impacts through
structural LID practices and detention ponds.

Sixteen (16) LID site design strategies can be grouped into four themes: Preserving
important hydrologic features and functions; siting and layout of development; reducing
impervious area; and using natural drainage systems. The strategies need to be
considered together as they all overlap and relate to each other. For example,
preserving a natural channel will impact the layout of the site, and the layout of the site
determines the extent of impervious area and optimal locations of structural SWMPs.

3.2.1 Preserving Important Hydrologic Features and Functions

As discussed in Chapter 2, there are many features in the natural landscape that
provide the important hydrologic functions of retention, detention, infiltration, and
filtering of stormwater. These features include, but are not limited to; highly permeable
soils, pocket wetlands, significant small (headwater) drainage features, riparian buffers,
floodplains, undisturbed natural vegetation, and tree clusters. These features act as
sponges and can sometimes be used to buffer the hydrologic impacts created by
neighbouring development. They preserve the natural character of the site and in many
cases improve the aesthetics and value of the developed property.

All areas of hydrologic importance should be delineated at the earliest stage in the

development planning process. Once these areas have been mapped, they can guide
the layout of the site.
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Strategies

1.

Preserve stream buffers, including along intermittent and ephemeral
channels. Buffers provide filtration, infiltration, flood management, and bank
stability benefits. Unlike stormwater ponds and other structural infrastructure,
buffers are essentially a no capital cost and low maintenance form of
infrastructure. In general, the literature recommends stream buffers for pollutant
removal and support of aquatic and terrestrial riparian habitat (Wenger, 1999).
The benefits of buffers diminish when slopes are greater than 25%; therefore
steep slopes should not be counted as buffer (Schueler, 1995).

Preserve areas of undisturbed soil and vegetation cover. Typical
construction practices, such as topsoil stripping and stockpiling, and site grading
and compaction by construction equipment, can considerably reduce the
infiltration capacity (and treatment capacity) of soils. In some instances, the bulk
density of construction compacted soils is similar to values for impermeable
surfaces. Native undisturbed soils have a structure that takes many, if not
hundreds of years, to develop. The structure is created by the growth and decay
of plant roots, earthworm, and insect activity. In addition to destroying the
structure during topsoil stripping and stockpiling, biological activity in the soil is
greatly diminished. The shallow rooted turf of lawns and landscaped areas will
not provide the same stormwater benefits as the agricultural and native
vegetation that it replaces. During construction, natural heritage features and
locations where infiltration-based SWMPs will be constructed should be
delineated and not subject to construction equipment or other vehicular traffic,
nor stockpiling of topsoil.

Avoid development on permeable soils. Highly permeable soils (i.e.,
hydrologic soil groups A and B) function as important groundwater recharge
areas. Compacting or paving over these areas will have significant hydrologic
impacts. To the greatest extent possible, these areas should be preserved in an
undisturbed condition or set aside for stormwater infiltration practices. On sites
with a variety of soil types, impervious land cover should be concentrated in
areas with the least permeable soils and underlying geology. Where avoiding
development on permeable soils is not possible, stormwater management should
focus on mitigation of reduced groundwater recharge through application of
stormwater infiltration practices.

Preserve existing trees and, where possible, tree clusters. Mature stands of
deciduous trees will intercept 10 to 20% of annual precipitation falling on them,
and a stand of evergreens will intercept 15 to 40% (Cappiella, 2005). Depending
on understory vegetation, soils and topography, tree clusters may only produce
surface runoff for major flood event storms. Preserving mature trees will provide
immediate benefits in new developments, whereas newly planted trees will take
10 years or more to provide equivalent benefits. Tree clusters can be
incorporated into development in many ways, including parking lot interiors or
perimeters, private lawns, common open space areas, road buffers, and median
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strips (Figure 3.2.1). Any areas of reforestation or new urban tree plantings need
an uncompacted soil volume that allows the root systems to get air and water.
An uncompacted soil volume of 15 to 28 cubic metres is recommended to
achieve a healthy mature tree with a long lifespan (Casey Trees, 2008).

Figure 3.2.1. Development sites offer a number of locations for tree clusters

Source: Cappiella et al., 2006

3.2.2 Siting and Layout of Development

The site layout is determined in part by the opportunities and constraints of the natural
heritage system. The location and configuration of elements, such as streets, sidewalks,
driveways, and buildings, within the framework of the natural heritage system provides
many opportunities to reduce stormwater runoff. The goals of the site layout are to
provide a functional and livable urban form while minimizing environmental impact. The
techniques below highlight some of the ways in which site layouts can minimize their
hydrologic impacts and preserve natural drainage patterns.

Strategies

5.

Fit the design to the terrain. Using the terrain and natural drainage as a design
element is an integral part to creating a hydrologically functional landscape
(Prince George’s County, 1999). Fitting development to the terrain will reduce the
amount of clearing and grading required and the extent of necessary
underground drainage infrastructure. This helps to preserve predevelopment
drainage boundaries which helps to maintain distribution of flows. Generally,
siting development in upland areas will take advantage of lowland areas for
conveyance, storage, and treatment (Figure 3.2.2).
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Figure 3.2.2. Site development in upland areas

Use open space or clustered development. Clustering development increases
the development density in less sensitive areas of the site while leaving the rest
of the site as protected community open space. The open space can be
undisturbed natural area or actively used recreational space. Features that often
characterize open space or clustered development are smaller lots, higher
density of structures in one area of a site, shared driveways, and shared parking.
From a stormwater perspective, clustered development reduces the amount of
impervious surface, reduces pressure on buffer areas, reduces the construction
footprint, and provides more area and options for stormwater controls including
LID practices (CWP, 1998).

Use innovative street network designs. Certain roadway network designs
create less impervious area than others. Figure 3.2.3 from the Canadian
Mortgage and Housing Corporation (2002) demonstrates that loop and cul-de-
sac street patterns require less area for streets. These layouts by themselves
may not achieve the many goals of urban design. However, used in a hybrid
form together or with other street patterns, they can meet multiple urban design
objectives and reduce the necessary street area (CMHC, 2002). A study
comparing different road network designs for a hypothetical community showed a
fused grid pattern can reduce impervious cover by 4.3% compared to a
traditional neighbourhood design (CMHC, 2007).

Reduce roadway setbacks and lot frontages. The lengths of setbacks and
frontages are a determinant for the area of pavement, street, driveways, and
walkways, needed to service a development. Municipal zoning regulations for
setbacks and frontages have been found to be a significant influence on the
production of stormwater runoff. A study of residential parcels in Madison,
Wisconsin found that reducing setbacks by 3 m and frontages by 5.5 m resulted
in a 14% reduction of stormwater runoff (Stone and Bullen, 2006).
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Figure 3.2.3 Comparison of buildable and street areas among 5 typical street patterns

Source: CMHC, 2002

3.2.3 Reducing the Impervious Area:

Unnecessary hardscape can be found all around urban areas from paved but unused
traffic and parking lot islands to rarely used overflow parking. Many of the strategies
described previously are primarily for the purpose of reducing impervious area on a
macro scale. The following strategies provide examples of how to reduce impervious
area on a micro or lot level scale. Individually, these reductions in impervious area may
seem small but they can add up to substantial decreases in runoff and infrastructure

costs.

Strategies

9.

10.

11.

Reduce street width. Streets constitute the largest percentage of impervious
area and contribute proportionally to the urban runoff. Streets widths are sized
for the free flow of traffic and movements of large emergency vehicles. In many
cases, such as low density residential, these widths are oversized for the typical
function of the street. Amending urban design standards to allow alternative,
narrower street widths might be appropriate in some situations. There are a
variety of ways to accommodate emergency vehicle movements and traffic flow
on narrower streets, including alternative street parking configurations, vehicle
pullout space, connected street networks, prohibiting parking near intersections,
and reinforced turf or gravel edges (U.S. EPA, 2007).

Reduce building footprints. Reduce the building footprint by using taller multi-
story buildings and taking advantage of opportunities to consolidate services into
the same space. A single story design converted to a two- storey structure with
the same floor space will eliminate 50% of the building footprint impervious area.

Reduce parking footprints. Parking footprints can be reduced in several ways.
Excess parking not only results in greater stormwater impacts and greater
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12.

13.

stormwater management costs but also adds unnecessary construction and

maintenance costs and uses space that could be used for a revenue generating

purpose.

o Keep the number of parking spaces to the minimum required. Parking ratio
requirements are often set to meet the highest hourly parking demand during
the peak season. The parking space requirement should instead consider an
average parking demand and other factors influencing demand like access to
mass transit.

e Take advantage of opportunities for shared parking. For example, businesses
with daytime parking peaks can be paired with evening parking peaks, such
as offices and a theatre, or land uses with weekday peak demand can be
paired with weekend peak demand land uses, such as a school and church.

e Reductions in impervious surface can also be found in the geometry of the
parking lot. One way aisles when paired with angled parking will require less
space than a two way aisle. Other reductions can be found in using unpaved
end-of-stall overhangs, setting aside smaller stalls for compact vehicles, and
configuring or overlapping common areas like fire lanes, collectors, loading,
and drop off areas.

e More costly approaches to reducing the parking footprint include parking
structures or underground parking.

Consider alternatives cul-de-sacs. Using alternatives to the standard 15 metre
radius cul-de-sac can further reduce the impervious area required to service
each dwelling (Figure 3.2.4). Ways to reduce the impervious areas of cul-de-
sacs include a landscaped or bioretention centre island, T-shaped turnaround, or
by using a loop road instead.

Eliminate unnecessary sidewalks and driveways. Sidewalks are an essential
part of the transportation, recreation, safety, and character of a community. A
flexible design standard for sidewalks is recommended to allow for unnecessary
sidewalks to be eliminated. Sidewalks that are not needed for pedestrian
circulation or connectivity should be removed. Often sidewalks are only
necessary on one side of the street. Driveway impervious area can be reduced
through the use of shared driveways or alley accessed garages (CWP, 1998).
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Figure 3.2.4 Reduced impervious area alternative cul-de-sac designs

Source: CWP, 1998
3.2.4 Using Natural Drainage Systems

The use of natural drainage picks up where stormwater leaves impervious areas.
Rather than collect and move stormwater rapidly to a centralized location for detention
and treatment, the goal of these strategies is to take advantage of undisturbed
vegetated areas and natural drainage patterns (e.g., small headwater drainage
features). These strategies will extend runoff flow paths and slow down flow to allow
soils and vegetation to treat and retain it. Using natural systems or green infrastructure
to provide communities with environmental services is often more cost effective than
traditional drainage systems, and they provide more ancillary benefits.

Strategies
14 “Disconnect” impervious areas. Impervious areas have varying degrees of
hydrologic impact depending on their connection to the receiving waterbody. For
example, impervious areas such as parking lots that drain directly to a concrete
gutter and storm sewer will have a much greater impact than parking lots graded
to drain to densely vegetated pervious areas. Roof leaders or downspouts,
parking lots, driveways, sidewalks, and patios should be disconnected from the
storm sewer and directed towards stabilized pervious areas where possible (see
sections 4.3 — Downspout Disconnection and 4.6 — Vegetated Filter Strips for
further design guidance). Opportunities for directing impervious surface runoff to
pervious areas are first considered during the site layout stage. Sheet flow
should be encouraged from all impervious surfaces draining to pervious areas. In
cases of concentrated flow, the flow can be broken up with level spreaders or
flow dissipating riprap. Use the following guidance for the pervious runoff
receiving areas:
e Undisturbed densely vegetated areas and buffers — A hydrologist and/or
ecologist should be consulted before designing a site to drain to sensitive
natural heritage features like pocket wetlands.

3-9

Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

15

16

e Landscaped and disturbed areas — With the proper treatment, the landscaped
areas of the site can accept runoff from impervious areas. Deep tilling or soil
aeration is recommended for topsoil that has been replaced or compacted by
construction equipment. Former agricultural lands tend to develop a

“hardpan” or compacted layer
0.5-1 meter below the soill
surface from repeated plowings
and farm equipment. Breaking
up the hardpan may improve
infiltration rates. Soll
amendments can be applied to
hydrologic soil group (HSG) C
and D soils to encourage runoff
absorption. See Figure 3.2.5 for
guidance. Use deep rooting
vegetation in landscaped areas
when possible which will
maintain and possibly improve
the infiltration rates over time.

Preserve or create micro-
topography. Undisturbed lands
have a micro-topography of dips,
hummocks and mounds which slow
and retain runoff. Site grading
smoothes out these topographic
features. Micro-topography can
be restored in areas of
ornamental landscaping or
naturalization. Any depressed
areas should drain within 48
hours, or they may provide
breeding habitat for mosquitoes.

Extend drainage flow paths.
Slowing down flows and
lengthening flow paths allow more
opportunities for stormwater to be
filtered and infiltrated. Extending
the travel time can also delay and
lower peak flows. Where suitable,
flows should be conveyed using
vegetated open channels (see
sections 4.8 — Enhanced Grass
Swale and 4.9 — Dry Swale).

Figure 3.2.5. Soil amendment guidelines

Soil amendment sizing criteria:
impervious area / soil area =1

— use 100 mm compost, till to 300 - 450 mm depth
impervious area / soil area = 2

— use 200 mm compost, till to 300 - 450 mm depth
impervious area / soil area = 3

— use 300 mm compost, till to 450 - 600 mm depth
Compost should consist of well-aged (at least one year)
leaf compost. Amended soil should have an organic
content of 8-15% by weight or 30-40% by volume.

Source: Soils for Salmon, 2005

Figure 3.2.6. Open drainage applied
in a medium density neighbourhood

Source: Seattle Public Utilities
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3.2.5 LID Site Design Strategy Resources

Better Site Design: A Handbook for Changing Development Rules in Your Community, Center for
Watershed Protection (1998)
http://www.cwp.org/Resource_Library/Better Site Design/#pwp

Low Impact Development Design Strategies: An Integrated Design Approach, U.S. EPA and Prince
George’s County, MD (1999)
http://www.epa.gov/owow/nps/lid/lidnatl.pdf

Pennsylvannia Department of Environmental Protection (PDEP). 2006. Pennsylvannia Stormwater Best
Management Practices Manual. Harrisburg, PA. See Chapter 5: Non-structural BMPs.
http://www.portal.state.pa.us/portal/server.pt/community/best management practices manual/10631.

3.3 Adapting Structural Low Impact Development Practices for
Southern Ontario Conditions

Design guidance for the structural LID practices presented in chapter 4 was carefully
adapted with consideration of the climate and predominant soil conditions in southern
Ontario and of ultra urban development contexts that are particularly relevant to the
Ontario Places To Grow legislation. Research and experience on LID practices from
elsewhere in North America was evaluated to ensure that practices could be:

e adapted to withstand cold weather conditions in the region, withstand freeze-
thaw conditions, and where possible treat the quality of snowmelt runoff;

e easily combined together to progressively reduce runoff volumes as a treatment
train;

o feasible in the context of the more intense development and lot sizes that occur
in the metropolitan areas that provide relatively little open space to locate
practices;

e designed to collectively achieve target water balance and water quality storage
volume requirements, contribute to stream channel erosion control, and reduce
the size and cost of downstream conveyance and detention facilities;

e useful for reducing runoff volumes, even on sites with clayey soils with low
infiltration rates;

e fit unobtrusively into open space and landscaping, and in some instances,
provide amenity values;

e located within a stormwater easement, public right of way or conservation
easement where they would be accessible for regular maintenance;
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e applied in the context of new development, infill, redevelopment or retrofit
projects; and

e evaluated to ensure the aggregate lifecycle cost for installation and maintenance
of LID practices is equal to or less than the cost of constructing conventional
stormwater conveyance and pond systems.

3.4 The Low Impact Development Design Process

The ultimate goal of LID is to maintain natural or predevelopment hydrologic conditions,
including minimizing the volume of runoff produced at the site (i.e., neighbourhood,
subdivision or individual lot). Runoff reduction is defined as the total runoff volume
reduced through urban tree canopy interception, evaporation, rainwater harvesting, and
engineered infiltration and evapotranspiration stormwater best management practices.

As described in chapter 2, the LID design process begins with a landscape-based
approach to planning. The approach involves understanding regional and watershed-
scale contexts, management objectives and targets relevant to the site. Where
watershed or subwatershed scale studies or management plans are available,
information and guidance they provide should be drawn upon. In the absence of a
watershed plan, a subwatershed study may be required to establish the regional
environmental context. Opportunities for LID practices are identified at the
neighbourhood or subwatershed scales and refined at more detailed scales and
planning stages. Inventories of the natural resources and drainage features present on
the site are used as the integrating framework for stormwater management system
planning.

Complete definition of pre-development site conditions is essential prior to screening of
potential stormwater BMPs. The designer should prepare maps describing site
conditions, to ensure that all environmental features and functions that need
consideration in accordance with provincial, municipal and conservation authority
development regulations are identified. This includes watercourses and small drainage
features, floodplains, important recharge areas, steep slopes, wetlands, natural heritage
conservation areas and significant wildlife habitats. In addition, information regarding
native soil types, infiltration capacity and depth to water table must be determined.
Using these conditions and the site design techniques described in Section 3.2, the
natural heritage system, development footprint and constraints for stormwater BMPs
can be established.

Once the site conditions are established, the designer evaluates the potential to apply a
combination of best management practices (BMPs) to meet the environmental
management criteria relevant to the site. Best management practices include the LID
practices described in this guide and conventional end-of-pipe practices like wet and dry
detention ponds and constructed wetlands. The general process for selecting the
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appropriate suite of best management practices (BMPSs) is illustrated in Figure 3.4.1.
Further description of each of the four steps is provided below.

Figure 3.4.1: Process for selecting a suite of best management practices

Site Conditions

Define
Environmental
Design Criteria

Screen BMPs

Select BMPs

Assess
Effectiveness

Meets
Environmental
Design
Criteria

Proceed to
Detailed Design

Step 1: Define Environmental Design Criteria

A detailed description of the design criteria that need to be defined is provided in the
respective CVC and TRCA Stormwater Management Criteria documents. The criteria
are required in order to:

. preserve groundwater and baseflow characteristics;

. prevent undesirable and costly geomorphic changes in the watercourse;

. prevent any increases in flood risk potential;

. protect water quality; and ultimately,

. maintain an appropriate diversity of aquatic life and opportunities for human uses

The design criteria required to protect, enhance or restore the environmental resources
can be grouped under the following five categories.
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. Flood Protection;

. Water Quality;

. Erosion Control;

. Recharge; and

. Natural Heritage Systems

Step 2: Screen Potential Best Management Practices

A number of factors need to be considered when screening the suitability of a given
location within a development site for application of stormwater BMPs. Table 3.4.1
summarizes site constraints associated with some general types of structural LID
practices for stormwater management that should be considered. Further details
regarding each general type of LID practice can be found in section 4. Further
information regarding constraints to the design of various end-of-pipe BMPs can be
found in the Ontario Ministry of the Environment Stormwater Management Planning and
Design Manual (2003). The use of LID BMPs should be considered first to meet the
design criteria before the use of end-of-pipe BMPs.

Step 3: Selection of Suite of Best Management Practices

In order to assess if the selected suite of BMPs effectively meet the design criteria
either computer models or simple spreadsheet models should be used. Model selection
will be based on the size and type of development. A wide range of simple to complex
computer models such as Visual OTTHYMO, SWMM, SWMMHYNO, HSP-F and
QUALHYMO are available.

Step 4: Assessing the Effectiveness of the Selected Suite of Best Management
Practices

Once the suite of best management practices have been selected and the models have
been run, a comparison of the results and the environmental design criteria can be
made. An iterative approach, which involves adjusting the size or adding/deleting BMPs
should be used until the environmental design criteria are met. The project can then
proceed to the detailed design stage.
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Table 3.4.1 Comparison of site constraints for a range of structural LID SWM practices

Typical Ratio of
LID Stormwater Depth to high Impervious Native Soil 4 5 6 | Pollution
Management water table or Drainage Area to Infiltration Rate Hgﬁ;j Sp(;)ce S"g/f)’e Hot baScektsg
Practice bedrock® (m) | Treatment Facility (mm/hr)? Spots’
Area
Rain barrel Not applicable [5 to 50 m?? Not applicable 1 0 NA Yes None
Cistern 1 [50 to 3000 m?® Not applicable 1to2 Oto1 NA Yes uT
Green roof Not applicable 1:1 Not applicable 0 0 0 Yes None
Roof downspout Not applicable [5 to 100 m?? Amend if <15 05 | 5t020 | 1to5 | Yes B
disconnection mm/hr
Soakaway, infiltration 1 5:1 to 20:1 Nota constraint | 1to2 | Otol | <15% No B,U,T, W
trench or chamber
Underdrain
Bioretention 1 5:1to 15:1 required if < 15 lto2 5to0 10 0Oto2 No B, U, W
mm/hr
Biofilter (filtration only . i .
Bioretention design) Not applicable 5:1 Not applicable 1to2 2t05 Oto 2 Yes B, T
Vegetated filter strip 1 5:1 Am(rennn(;i/g; 15 Oto1l 15t020 | 1to5 No None
Underdrain
Permeable pavement 1 1:1to1.2:1 required if < 15 05tol 0 1to5 No U, w
mm/hr
Enhanced grass swale 1 5:1t0 10:1 Not applicable 1to3 5t015 | 05to6 No B, U
Underdrain
Dry swale 1 5:1to0 15:1 required if < 15 1to3 5t010 | 0.5to6 No B,UW
mm/hr
Perforated pipe system 1 5:1t0 10:1 Not a constraint 1to3 0 <15% No B,UT W

Notes:

1. Minimum depth between the base of the facility and the elevation of the seasonally high water table or top of bedrock.
2 Values for rain barrels, cisterns and roof downspout disconnection represent typical ranges for impervious drainage area treated.
3. Infiltration rate estimates based on measurements of hydraulic conductivity under field saturated conditions at the proposed location and depth of the practice.
4. Vertical distance between the inlet and outlet of the LID practice.
5. Percent of open pervious land on the site that is required for the LID practice.
6. Slope at the LID practice location.
7. Suitable in pollution hot spots or runoff source areas where land uses or activities have the potential to generate highly contaminated runoff (e.g., vehicle
fueling, servicing or demolition areas, outdoor storage or handling areas for hazardous materials and some heavy industry sites).
8. Setback codes: B = Building foundation; U = Underground utilities; T = Trees; W = drinking water wellhead protection areas.

9. Native soils should be tilled and amended with compost to improve infiltration rate, moisture retention capacity and fertility.
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3.5 Costs and Benefits of Low Impact Development Approaches

The United States Environmental Protection Agency (U.S. EPA) examined the costs of
LID approaches in Reducing Stormwater Costs through Low Impact Development (LID)
Strategies and Practices, released in December 2007. The report summarized 17 case
studies of developments in the United States and Canada that included low impact
development approaches for managing stormwater. The case studies included a variety
of different land uses and dealt with both greenfield and redevelopment scenarios.
Table 3.6.1 summarizes findings from some of the projects that were reviewed along
with a comparison of conventional development costs versus low impact development
costs.

Some of the key findings from this study were:

e In 12 of the case studies, total capital cost savings ranged from 15 to 80
percent when LID methods were used. In one study, LID costs were higher
than conventional stormwater management costs.

e The study focused on the cost savings and cost reductions that are achievable
through the use of LID practices. It should also be noted that communities
and/or developers can experience many amenities and associated economic
benefits that go beyond cost savings. These include enhanced property
values, faster home sales, improved habitat, aesthetic amenities and improved
quality of life. The study did not monetize and consider these values in
performing the cost calculations, it was noted that these economic benefits are
real and significant.

e More research is needed to quantitatively estimate and compare full life cycle
costs of municipal infrastructure for conventionally designed developments
versus LID designs (including long term operation, maintenance and eventual
replacement).
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Table 3.5.1 Summary of cost comparisons between conventional and LID approaches

Conventional
] 1 Cost Percent
Projects Development LID Cost Byl Biteenes
Cost
2" Avenue SEA Street, o
Seattle, Washington $868,803 $651,548 $217,255 25%
Auburn Hills, southwestern $2,360,385 $1,598,989 $761,396 32%
Wisconsin
Bellingham City Hall, o
Bellingham, Washington, $27,600 $5,600 $22,000 80%
Bloedel Donovan Park, 0
Bellingham, Washington $52,800 $12,800 $40,000 76%
Gap Creek, Sherwood, $4,620,600 $3,942,100 $678,500 15%
Arkansas
Garden Valley, Pierce County, o
Washington $324,400 $260,700 $63,700 20%
Kensington Estates, Pierce o
County, Washington $765,700 $1,502,900 -$737,200 -96%
Laurel Springs, Jackson, $1,654,021 $1,149,552 $504,469 30%
Wisconsin
m;::(%,eeh Kane County, $12,510 $9,099 $3,411 27%
Prairie Glen, Germantown, $1,004,848 $599,536 $405,312 40%
Wisconsin
Somerset, Prince George’s o
County, Maryland $2,456,843 $1,671,461 $785,382 32%
Tellabs Corporate Campus, $3,162,160 $2,700,650 $461,510 15%
Naperville, Illinois

Source: U.S. EPA (2007).
Notes:

1. While additional projects were part of the U.S. EPA review, available information does not allow
comparison of costs between conventional and LID approaches.
2. Negative values denote increased cost for the LID design over conventional development costs.
3. Mill Creek costs are reported on a per-lot basis.
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4.0

DESIGN OF STRUCTURAL LOW IMPACT DEVELOPMENT

PRACTICES FOR STORMWATER MANAGEMENT

This chapter of the guide contains overviews, design templates, maintenance
requirements and cost estimates for the following structural LID practices for stormwater

management:
4.1 Rainwater harvesting;
4.2 Green roofs;
4.3 Roof downspout disconnection;
4.4 Soakaways, infiltration trenches and chambers;
4.5 Bioretention;
4.6 Vegetated filter strips;
4.7 Permeable pavement;
4.8 Enhanced grass swales;
4.9 Dry swales; and

4.10 Perforated pipe systems.

The overviews for each LID practice cover the following:

Description of practice;

Common concerns;

Physical suitability and constraints; and
Typical performance.

The design templates provide the following:

Applications;

Typical details;

Design guidance,;

BMP sizing;

Design resources;

Design and material specifications; and
Construction considerations and sequencing.

Recommended maintenance practices for each LID practice, together with base
construction costs are provided where information is available. It should be noted that
several of the practices as described in this guide have only been implemented for a
few years. Construction, operation and maintenance costs will therefore need to be
updated as these practices become more commonplace in Ontario.

4-1
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4.1 Rainwater Harvesting

4.1.1 Overview

Description

Rainwater harvesting is the process of intercepting, conveying and storing rainfall for
future use. Harvesting rainwater for domestic purposes has been practiced in rural
Ontario for well over a century. Interest in adapting this practice to urban areas is
increasing as it provides the combined benefits of conserving potable water and
reducing stormwater runoff. When harvested rainwater is used to irrigate landscaped
areas, the water is either evapotranspired by vegetation or infiltrated into the soill,
thereby helping to maintain predevelopment water balance.

The rain that falls upon a catchment surface, such as a roof, is collected and conveyed
into a storage tank. Storage tanks range in size from rain barrels for residential land
uses (typically 190 to 400 litres in size), to large cisterns for industrial or commercial
land uses (Figure 4.1.1). A typical pre-fabricated cistern can range from 750 to 40,000
litres in size.

With minimal pretreatment (e.g., gravity filtration or first-flush diversion), the captured
rainwater can be used for outdoor non-potable water uses such as irrigation and
pressure washing, or in the building to flush toilets or urinals. It is estimated that these
applications alone can reduce household municipal water consumption by up to 55%
(Reid Homes, 2007). The capture and use of rainwater can, in turn, significantly reduce
stormwater runoff volume and pollutant load. By providing a reliable and renewable
source of water to end users, rainwater harvesting systems can also help reduce
demand on water resources (such as groundwater aquifers and reservoirs) from which
municipal water supplies are drawn. By reducing demand on water resources,
rainwater harvesting can result in significant cost savings due to:

e delayed expansion of municipal water treatment and distribution systems;
e lowered energy use for pumping and treating water; and
e |owered consumer water bills

There are two options for the design and operation of rainwater harvesting systems:

1) Some systems are designed for both outdoor and indoor uses (i.e., dual use
systems) with usage continuing throughout the year. In cold climate regions,
such as southern Ontario, cisterns for year-round usage must be located
underground below the local frost penetration depth, or indoors in a temperature
controlled environment to prevent freezing.

2) Other systems are designed for outdoor water usage only, where water demand
varies seasonally. Rain barrels or cisterns for seasonal, outdoor water uses can
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be located above-ground or underground, acknowledging that they need to be
decommissioned annually, prior to the onset of freezing temperatures.

Figure 4.1.1 Various types of rainwater storage tanks

Clockwise from top left: typical plastic rain barrel; cast in place concrete cistern integrated within a parking
garage (Source: TRCA); above-ground plastic cistern; underground pre-cast concrete cistern (Source:
University of Guelph)

4-3
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Common Concerns
Some common concerns associated with rainwater harvesting that must be addressed
during design include:

Winter Operation: Rainwater harvesting systems can be used throughout the
year if they are located underground or indoors to prevent problems associated
with freezing, ice formation and subsequent system damage. Alternatively, an
outdoor system can be used seasonally.

Plumbing Codes: The 2006 Ontario Building Code explicitly allows the use of
harvested rainwater for toilet and urinal flushing (See Section 7.1.5.3 of the
Code). Canadian Standards Association has standards B.128.1 and B.128.2 that
address the design, installation, maintenance and field testing of non-potable
water systems. Systems using harvested rainwater indoors are required to have
backflow preventers to keep non-potable harvested water separate from
watermains carrying potable water. CSA-B64.10 provides guidance for the
selection and installation of backflow prevention devices. Additionally, pipes
carrying rainwater must be labeled as non-potable.

Standing Water and Mosquitoes: Rainwater harvesting systems, if improperly
managed, can create habitat suitable for mosquito breeding and reproduction.
Designers should provide screens on inlets and overflow outlets to prevent
mosquitoes and other insects from entering the system. If screening is not
sufficient to deter mosquitoes, dunks containing larvicide can be added to
storage tanks when harvested water is intended for irrigation only.

Child Safety: Above grade home cisterns with openings large enough for children
to enter the tank must have lockable covers. For underground cisterns, manholes
should be secured to prevent unwanted access.

Drawdown Between Storms: The extent to which cisterns reduce runoff and peak
flows depends on use of the captured rainwater between storms, so that capacity
exists to capture a portion of the next storm. Water demand estimations should
be submitted for review along with other stormwater management system design
documents.

On Private Property: If a rainwater harvesting system is installed on private lots,
property owners or managers will need to be educated on their routine operation
and maintenance needs, understand the long-term maintenance plan, and may
be subject to a legally binding maintenance agreement. An incentive program
such as a storm sewer user fee based on the area of impervious cover on a
property that is directly connected to a storm sewer (i.e., does not first drain to a
pervious area or LID practice) could be used to encourage property owners or
managers to maintain existing practices.
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Physical Suitability and Constraints
A number of site-specific features influence how rainwater harvesting systems are
designed. Some of the key considerations include:

e Available Space: Space limitations are rarely a concern with rainwater harvesting
if considered during building design and site layout. Storage tanks can be placed
underground, indoors, on roofs, or adjacent to buildings depending on intended
uses of the rainwater. Designers must work with architects to site the tanks.

e Site Topography: Site topography influences the placement of storage tanks and
the design of the rainwater conveyance and overflow systems. Locating storage
tanks in low areas of the site will likely increase the volume of rainwater that can
be stored for later use, but will increase the amount of pumping needed to
distribute the harvested rainwater. Conversely, placing storage tanks at higher
elevations will likely reduce the volume of rainwater that can be stored due to
structural limitations on the weight of captured rainwater that can be stored, but
will also reduce the amount of pumping needed for distribution or eliminate it
altogether.

e Available Head: The needed head depends on intended use of the water. For
residential landscaping uses, the rain barrel or cistern should be sited up-
gradient of the landscaping areas or on a raised stand. Gravity-fed operations
may also be used for indoor residential uses, such as laundry, that do not require
high water pressure. For larger-scale landscaping operations, locating a cistern
on the roof or uppermost floor may be the most cost efficient way to provide
water pressure.

e Soils: Cisterns should be placed on or in native, rather than fill, soils. If placement
on fill slopes is necessary, a geotechnical analysis is needed. Underground
tanks and the pipes conveying rainwater to and from them, including overflow
systems, should either be located below the local frost penetration depth (MTO,
2005), or insulated to prevent freezing during winter

e Pollution Hot Spot Runoff: Rainwater harvesting systems can be an effective
stormwater BMP for roof runoff at sites where land uses or activities at ground-
level have the potential to generate highly contaminated runoff (e.g., vehicle
fueling, servicing and demolition areas, outdoor storage and handling areas for
hazardous materials and some heavy industry sites).

e Setbacks from Buildings: Rainwater harvesting system overflow devices should
be designed to avoid causing ponding or soil saturation within three (3) metres of
building foundations. Storage tanks must be watertight to prevent water damage
when placed near building foundations.
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e Proximity to Underground Utilities: The presence of underground utilities (e.qg.,

water supply pipes, sanitary sewers, natural gas pipes, cable conduits, etc.), may

constrain the location of underground rainwater storage tanks.

e Vehicle Loading: Underground cisterns should be placed in areas without
vehicular traffic. Tanks under roadways, parking lots, or driveways must be
designed for the live loads from heavy trucks, a requirement that could
significantly increase construction costs.

Typical Performance

The ability of rainwater harvesting systems to help meet stormwater management
objectives is summarized in Table 4.1.1. Except in retrofit situations, rainwater
harvesting will not be a stand-alone BMP. It is part of a treatment train that will likely
include practices such as vegetated filter strips and grass channels in addition to
detention for stream channel erosion control requirements.

Table 4.1.1 Ability of rainwater harvesting systems to meet SWM objectives

Water Balance Water Quality Strea_lm Channel
BMP ; Erosion Control
Benefit Improvement :
Benefit
: Yes — magnitude Yes — size for the Partial — can be used
Rainwater . . . .
. depends on water water quality storage in series with other
Harvesting : .
usage reguirement practices

Water Balance

Harvested rainwater that is used for watering landscaping meets the objectives of the
water balance requirement, as these flows are infiltrated or evapotranspired after
storage. On a larger scale, where groundwater is the primary source of water, the
reduced demand on wells within the watershed will add to the water balance benefits of
rainwater harvesting. Any reduction in runoff volume achieved by rainwater harvesting
will be a benefit to receiving waters with regard to mitigation of increases in stream
channel erosion rates, but full mitigation will likely require rainwater harvesting to be
applied in series with other LID practices.

Limited research has been conducted to evaluate the runoff reduction capacity of rain
tanks and cisterns, particularly in cold climates (Table 4.1.2). Modeling research
indicates that their runoff reduction capacity is limited by tank capacity, the length of
time between storm events, and rainwater usage. Estimating the runoff reduction for an
individual facility requires simulation modeling of rainfall and water usage. A rainwater
harvesting system design tool spreadsheet has been developed for Ontario that can
estimate runoff reduction, based on input of local climate data, catchment and storage
tank dimensions and assumptions regarding typical water use patterns (University of
Guelph and TRCA, 2009). The tool can also be used to estimate overall system cost.

4-6
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Table 4.1.2 Volumetric runoff reduction by rainwater cisterns

LID Practice Location Runoff Reference
Reduction

Dual Use Cisterns® Guelph, Ontario 89% Farahbakhsh et al. (2009)

Dual Use Cisterns® Toronto, Ontario 23 t0 46% TRCA (2010)

Dual Use Cisterns® Australia 60 to 90% Hardy et al. (2004)

Dual Use Cisterns® Australia 40 to 45% Coombes and Kuczera (2003)

Dual Use Cisterns® New Zealand 35 to 40% Kettle et al. (2004)
Runoff Reduction Estimate® 40%

Notes:

1. Dual use cisterns provide a year-round supply of water for both indoor and outdoor uses.

2. This estimate is provided only for the purpose of initial screening of LID practices suitable for
achieving stormwater management objectives and targets. Performance of individual facilities will
vary depending on site specific contexts and facility design parameters and should be estimated
as part of the design process and submitted with other documentation for review by the approval
agencies.

Water Quality — Pollutant Removal Capacity

The pollutant removal capacity of rainwater harvesting systems stems from their ability
to reduce the volume of stormwater runoff being generated from a site, thereby reducing
pollutant load to receiving waters. During small to medium sized storm events a
rainwater harvesting system with sufficient available storage capacity could capture
100% of the runoff from a catchment surface, thereby reducing the pollutant load from
the surface to zero. The pollutant removal capacity of rainwater harvesting systems is
directly proportional to the amount of runoff that is captured. Theoretically, if 200% of
runoff is captured and used, no stormwater pollution from the catchment surface will be
conveyed downstream. In applications where rainwater is harvested for use in
commercial or industrial properties, runoff volume reductions in the order of 40 to 45%
have been observed over the period of monitoring (Coombes and Kuczera, 2003;
TRCA, 2008c).

Peak Flow Control

The storage and diversion capability of rainwater harvesting systems not only reduces
runoff volume and pollutant load, but also peak discharge rates downstream. However,
if cisterns are being implemented to meet peak flow control requirements, in addition to
water conservation/runoff volume reduction benefits, they require additional design
considerations. Depending on anticipated water usage rates, an outflow control may
need to be incorporated. The outflow control would function like the outlet of a
stormwater detention pond, to provide temporary detention and gradual release of
incoming runoff during medium to large sized storm events, while still providing a
reservoir of water in the cistern that can be drawn upon. Peak flow reductions of up to
90% are possible with large rainwater harvesting systems (Coombes, 2002).
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Other Benefits to the Watershed

e Economic Benefits: Since outdoor residential irrigation can account for up to 40%
of domestic water consumption in the hot summer months, rainwater harvesting
can conserve water and reduce the demand on the municipal water system (LID
Center, 2003b). Rainwater harvesting can reduce individual consumers’ utility
bills, but also represents a larger cost savings. Increased population drives the
need for additional water supply infrastructure, including expansion of existing
water treatment plants or construction of new ones. Rainwater harvesting, similar
to water conservation efforts, reduces the demand for potable water. In
particular, peak demand, driven by summertime outdoor watering, is reduced. It
also reduces municipal costs associated with treating and pumping potable water
to end users.

4.1.2 Design Template

Applications

Rainwater harvesting systems can be applied on most residential, commercial,
industrial or institutional roofs where rainwater can be captured, stored, and used. They
are particularly useful on infill and redevelopment sites that have little room for other
stormwater BMPs. Rainwater harvesting systems can be installed underground,
indoors, on the ground next to a building or on the roof. In the Greater Toronto Area,
dual use rainwater cisterns are usually located underground, in temperature controlled
parking areas or in basements to prevent freezing during cold weather.

Rainwater that is captured and stored can be used to meet both outdoor and indoor
non-potable water uses. Outdoors, harvested rainwater can be used for residential
lawn and garden watering, commercial and institutional landscaping irrigation,
decorative fountains, or other non-potable uses such as vehicle washing, building
washing and fire fighting.

Typically, indoor uses of harvested rainwater are for non-potable purposes only. Toilet
flushing is the most common large-scale indoor use of harvested rainwater. Laundry
washing is another common residential water use with potential to utilize harvested
rainwater, as it does not require potable water nor high water pressure. Separate
plumbing, pumps, pressure tanks, and backflow preventers are necessary for indoor
use of harvested water. Back-up water supply system arrangements,that can be drawn
upon when the cistern runs dry, are also necessary for indoor uses.

Typical Details

A typical residential rainwater harvesting cistern system is illustrated in Figure 4.1.2. A
schematic of a dual use cistern is provided in Figure 4.1.3. Examples of common
pretreatment devices are shown in Figure 4.1.4.
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Figure 4.1.2 Components of aresidential rainwater harvesting cistern system

Source: Rupp, 1998

Figure 4.1.3 Schematic of atypical underground rainwater harvesting cistern
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Figure 4.1.4 Examples of common pretreatment devices
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Clockwise from top left: Leaf screens on eavestrough (Leaf Eater®, © Rainwater Harvesting
Ltd.) and downspout (Fixa-Tech®, © Alu-Rex Inc.), First-flush diverter (Source: TWDB); Floating

suction filter (© WISY)

Design Guidance
As shown in Figure 4.1.2, there are six components of a rainwater harvesting system:

Catchment area;

Collection and conveyance system (e.g. eavestroughs, downspouts, pipes);
Pretreatment system (e.qg., filters and first-flush diverters);

Storage tank (e.g., rain barrels or cisterns);

Distribution system; and

Overflow system.

Guidance regarding the design of each of these components is provided below. For
further detail, refer to, Ontario Guidelines for Residential Rainwater Harvesting Systems
(University of Guelph, 2010). The University of Guelph and Toronto and Region
Conservation Authority have also partnered to develop a Rainwater Harvesting System
Design Tool to assist system designers in estimating rainwater capture, usage and
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overall system cost and optimizing benefits (University of Guelph and TRCA, 2009;
download the tool from www.sustainabletechnologies.ca).

Catchment Area

The catchment area is simply the surface from which rainfall is collected. Generally,
roofs are used as the catchment surface for a rainwater harvesting system, although
rainwater harvested from other source areas, such as low traffic parking lots and
walkways, may be suitable for some non-potable uses (e.g., outdoor washing). The
quality of the harvested water will vary according to the type of source area and material
from which the catchment area is constructed. Water harvested from parking lots,
walkways and certain types of roofs, such as asphalt shingle, tar and gravel, and wood
shingle roofs, should only be used for landscape irrigation or toilet flushing due to
potential for contamination with toxic compounds. To minimize contamination of roof
catchment areas with natural debris it is recommended that overhanging tree branches
be trimmed back.

Collection and Conveyance System

The collection and conveyance system consists of the eavestroughs, downspouts and
pipes that channel runoff into the storage tank. Eavestroughs and downspouts should
be designed as they would for a building without a rainwater harvesting system with the
addition of screens to prevent large debris from entering the storage tank (also see
Pretreatment). When sizing eavestroughs and downspouts, designers should design the
conveyance system in a way that minimizes the frequency of overflow events. For a
residential collection system, less detail may be needed. For dual use rainwater cisterns
(used year-round for both outdoor and indoor uses), the conveyance pipe leading to the
cistern should be buried at a depth no less than the local maximum frost penetration
depth (MTO, 2005) and have a minimum 1% slope (University of Guelph, 2010). If this
is not possible, conveyance pipes should either be located in a heated indoor
environment (e.g., garage, basement) or be insulated or equipped with heat tracing to
prevent freezing. All connections between downspouts, conveyance pipes and the
storage tank must prevent entry of small animals or insects into the storage tank.

Pretreatment

Pretreatment is needed to remove debris, dust, leaves, and other debris that
accumulates on roofs and prevents clogging within the rainwater harvesting system.
Different levels of pretreatment should be provided, depending on what the harvested
water will be used for. Pretreatment devices should be easily accessible for inspection
and maintenance. For dual use cisterns that supply water for irrigation and toilet
flushing only, filtration or first-flush diversion pretreatment is recommended. To prevent
ice accumulation and freezing damage during periods of cold weather, first-flush
diverter pretreatment devices should be either installed in a temperature controlled
indoor environment, buried below the local frost penetration depth (MTO, 2005) or be
insulated or equipped with heat tracing. If none of these measures can be taken, it may
be necessary to disconnect the device from the conveyance system prior to the onset of
freezing temperatures. Additional information about some common pretreatment
devices is provided below.
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« Eavestrough or Downspout Filters: Filters designed to remove leaves and other
large debris from roof runoff such as leaf screens. Screen-type filters must be
regularly cleaned to be effective; if not maintained, they can become clogged and
prevent runoff from flowing into the storage tanks. Built-up debris can also harbor
bacterial growth (TWDB, 2005).

e First Flush Diverters: First flush diverters direct the initial pulse of stormwater
runoff away from the storage tank. While leaf screens effectively remove large
debris such as leaves, twigs and blooms from harvested rainwater, first flush
diverters can be used to remove smaller contaminants such as dust, pollen and
animal droppings. Simple first flush diverters require gradual release drains or
active management to drain the first flush water volume following each runoff
event and regular cleaning to ensure they do not become clogged. First-flush
diverters should be sized according to the desired amount of runoff to divert from
the storage tank, typically 0.5 to 1.5 mm over the catchment area (University of
Guelph, 2010).

¢ In-ground Filters: Filters placed between a conveyance pipe and an underground
storage tank, designed to remove both large and fine particulate from harvested
rainwater. A number of proprietary designs are available (e.g., 3P Technik,
GRAF, Rainharvesting Systems, WISY). Like leaf screens, they require regular
cleaning to ensure they do not become clogged.

e In-tank Filters: Filters installed on the intake pipe within the storage tank (e.qg.,
floating suction filters). Like leaf screens, they require regular inspection to
ensure they do not become clogged.

Storage Tank

The storage tank is the most important and typically the most expensive component of a
rainwater harvesting system. The required size of storage tank is dictated by several
variables: rainfall and snowfall frequencies and totals, the intended use of the harvested
water, the catchment surface area, aesthetics, and budget. In the Greater Toronto Area,
a suggested starting point for sizing the storage tank would be based on the predicted
rainwater usage (e.g., toilet flushing and outdoor uses) over a 10 to 12 day period.
Further details with respect to sizing of the tanks, such as a continuous simulation
approach, are discussed later in this section under “BMP Sizing”.

Designers can roughly estimate the capacity required in the storage tanks by multiplying
the rainfall depth of the design storm by the footprint of the catchment area. Cistern
capacities range from 750 to 40,000 litres (CWP, 2007b). Typical cisterns for residential
use are approximately 5,000 litres. Cisterns may be ordered from a manufacturer or can
be constructed on site from a variety of materials including fiberglass, polypropylene,
wood, metal and concrete. Above-ground tanks are often plastic while integrated tanks
are usually cast-in-place concrete. Underground tanks may be concrete or plastic. All
cisterns should be sealed using a water safe, non-toxic substance.
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Regardless of the type of storage tank used, they should be opaque or otherwise
protected from direct sunlight to inhibit algae growth and screened to discourage
mosquito breeding and reproduction. Tanks should be accessible for cleaning,
inspection, and maintenance. Underground rainwater cisterns should be installed so
that the top of the tank is below the local frost penetration depth (MTO, 2005).

The location, size and configuration of a cistern on a given site depend upon several
factors which need to be weighed to arrive at an optimum design (University of Guelph,
2010):

1. Whether the cistern can be integrated within the building or installed
underground;
Accessibility for construction and maintenance;
Desired storage capacity;
Site grading;
Proximity constraints (e.g., proximity to catchment area, overflow discharge
location, control components of pump and pressure system, building
foundations, underground utilities, trees).

abrwn

Storage tank volume should be designed to achieve an optimal balance between
meeting water demand, achieving stormwater management objectives and controlling
the overall cost of the system. The volume of dead storage below the intake to the
distribution system and an air gap at the top of the tank should be considered in
selecting the storage tank capacity (Coombes, 2004). For gravity-fed systems a
minimum of 150 mm of dead storage should be provided. For systems using a pump,
the dead storage depth will be based on the pump specifications. To determine the
optimum storage tank capacity, two methods are available (University of Guelph, 2010):

Rainwater Harvesting System Design Tool — a spreadsheet based computer
program that uses information on geographic location, catchment area, and
rainwater demand to determine an optimal cistern capacity and estimate overall
system cost (University of Guelph and TRCA, 2009; to download the tool go to
www.sustainabletechnologies.ca).

Rainwater Cistern Sizing Tables — Tables of optimal rainwater cistern capacities
have been generated using the Rainwater Harvesting System Design Tool for a
number of cities (e.g., Table 4.1.3) given a variety of roof catchment areas and
rainwater demand assumptions (University of Guelph and TRCA, 2009).

On sites where a rainwater harvesting system is being installed to manage runoff rates
(i.e., erosion control objectives), the storage tank can be sized to collect a specified
portion of runoff from a storm event, resulting in a tank that is larger than needed to
meet water conservation objectives alone. When used in conjunction with an
appropriately designed outflow control the rainwater storage tank could provide
temporary detention and controlled release of stormwater in order to achieve peak flow
targets for erosion control.
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Distribution System

Most distribution systems are gravity fed or operated using pumps to convey harvested
rainwater from the storage tank to its final destination. Typical outdoor uses use gravity
to feed hoses via a tap and spigot. For underground cisterns or large sites, a water
pump is needed. This can be a typical pump for distributing non-pressurized water for
landscaping applications.

Indoor rainwater harvesting systems usually require a pump, pressure tank, back-up
water supply line and backflow preventer. The typical pump and pressure tank
arrangement consists of a multistage centrifugal pump, which draws water out of the
storage tank and sends it into the pressure tank, where it is stored for distribution. When
water is drawn out of the pressure tank, the pump kicks on and supplies additional
water to the distribution system. Many indoor systems also have a back-up municipal
water supply line feeding into them (i.e., “make-up” line) to provide a means of topping
up the cistern with potable water when rainwater levels in the cistern fall below a
specified level. A backflow preventer is required on “make-up lines” to prevent
harvested rainwater from backing up into potable water supply lines. An alternative
design switches fixtures connected to the cistern to municipal supply until additional rain
or snowmelt fills the tank.

Overflow System

An overflow system must be included in the design in the event that multiple storms
occur in succession and fill rainwater storage. Overflow pipes should have a capacity
equal to or greater than the inflow pipe(s). The overflow system may consist of a
conveyance pipe from the top of the cistern to a pervious area downgradient of the
storage tank, where suitable grading exists. The overflow discharge location should be
designed as simple downspout disconnection to a pervious area, vegetated filter strip,
or grass swale. When discharging overflows to a pervious area, the conveyance pipe
should be screened to prevent small animals and insects from entering the pipe.

Where site conditions do not permit overflow discharge to a pervious area, the
conveyance pipe may need to be indirectly connected to a storm sewer. An indirect
connection to a storm sewer can be created by:
1. Overflowing from the inlet line (e.g., roof downspout) to a pervious or impervious
area that drains to a storm sewer;
2. Overflowing to a tile drain;
3. Overflowing via overland flow to a sewer grate.

Overflow conveyance pipes can also be directly connected to a storm sewer with
incorporation of a backflow preventer (i.e., backwater check valve) to prevent
contamination of stored rainwater in the event that the storm sewer backs up during
intense storm events. Alternatively, where suitable site conditions exist, the overflow
conveyance pipe can be connected to a soakaway that overflows to a storm sewer with
a backflow preventer.
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Other Design Aspects

Access and Maintenance Features: For underground cisterns, a standard size
manhole opening should be provided for maintenance purposes. This access
point should be secured with a lock to prevent unwanted access. A drain plug or
cleanout sump, also draining to a pervious area, should be installed to allow the
system to be completely emptied if needed.

Other Resources
Several other manuals that provide useful design guidance for rainwater harvesting are:

Canadian Standards Association publications
http://www.csa-intl.org/onlinestore/

Portland Stormwater Management Manual
http://www.portlandonline.com/bes/index.cfm?c=dfbcc

Rainwater Harvesting Systems for Montana
http://www.montana.edu/wwwpb/pubs/mt9707.html

Texas Rainwater Harvesting Manual
http://www.twdb.state.tx.us/publications/reports/RainwaterHarvestingManual 3rd

edition.pdf

Tucson, AZ Water Harvesting Guidance Manual
http://dot.ci.tucson.az.us/stormwater/downloads/2006WaterHarvesting.pdf

University of Guelph. 2010. Ontario Guidelines for Residential Rainwater
Harvesting Systems. Guelph, ON.

University of Guelph and Toronto and Region Conservation Authority (TRCA).
2010. Rainwater Harvesting System Design Tool.
www.sustainabletechnologies.ca

Water Sensitive Planning Guide for the Sydney Region: Practice Note 4 -
Rainwater Tanks. http://www.wsud.org/planning.htm

BMP Sizing

Rainwater harvesting systems should be designed by optimizing the size of the storage
tank based on the size of the catchment area, estimated rainwater demand and cost. In
the Greater Toronto Area, this can be done through application of the Rainwater
Harvesting System Design Tool (spreadsheet) developed by the University of Guelph
and TRCA (2009), or rainwater storage tank sizing tables generated by the spreadsheet
tool (e.g., Table 4.1.3). Figure 4.1.5 illustrates some input and output information from
the Rainwater Harvesting System Design Tool.
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Table 4.1.3: Recommended rainwater storage tank capacities for various catchment areas and water demands for systems in Toronto

Rainwater Optimum Rainwater Storage Tank Capacity (L)
Demand
(Litres Roof Catchment Area (m2)
per day) 50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 600 700 800 900 1,000 | 1,500 | 2,000 | 2,500 | 3,000
50 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 5000 | 5000 | 5000 | 5000 | 5,000
100 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 5000 | 5000 | 5000 | 5000 | 5,000
150 2,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 5000 | 5000 | 5000 | 5000 | 5,000
200 2,000 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 4,000 | 5000 | 5000 | 5000 | 5000 | 5,000
250 2,000 | 5,000 | 5,000 | 7,500 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 4,000 | 4,000 | 4,000 | 5000 | 5000 | 5000 | 5000 | 5,000
300 2,000 | 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 5,000 | 5000 | 5000 | 5000 | 5,000 | 5,000
350 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 5,000 | 5,000 | 5,000 | 5,000 | 5000 | 5000 | 5000 | 5,000
400 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 5,000 | 5,000 | 5,000 | 5,000
450 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500
500 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500
600 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500
700 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 7,500
800 - 5,000 | 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000
900 - - 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000
1,000 - - 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000
1,500 - - 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 15,000 | 15,000 | 15,000
2,000 - - 5,000 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 15,000 | 15,000 | 15,000
2,500 - - - 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 15,000 | 15,000 | 15,000
3,000 - - - 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 7,500 | 10,000 | 10,000 | 10,000 | 10,000 | 10,000 | 15,000 | 15,000 | 15,000

Recommended rainwater storage tank capacities generated using the Rainwater Harvesting System Design Tool (University of Guelph and TRCA, 2009) assuming:

1. Historical rainfall for the City of Toronto (median annual rainfall 678 mm);
2. Optimum cistern is defined as a cistern providing at least a 2.5% improvement in water savings following an increase of 1,000 Litres in storage capacity.




Figure 4.1.5 University of Guelph and TRCA Rainwater Harvesting System Design Tool
A B | c | o | e [ F [ 6 [ H [ 1 | [ K | [ M [ N R_|
| 1] Scenario 1
2 |City: Toronto (Downsview)
3 | Setting: Residential
4 | Total Number of People: 2
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8 | Initial Loss Factor (mm): 0.5
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13 |COLD per day (lpcd)
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| 17 | NIA —0Overflow (L)
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22 ] =
| 23 |HOT & l T
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| 25 |Washing Machine 0.0 T 40
| 26 | Shower NIA Minutes per shower: 0.0 0.0
| 27 |Lavatory/Laundry Faucets (L) N/A Uses per person per day: 0.0 0.0] 500
28 | Other (L) NIA Uses per person per day: 0.0 0.0 50
29 \ M l \ l l
13%_ | Total water use per person per day 38.1M1
33 Daily water demand: 76 Litres per day 0 - 80
=] 1/1/2009 2/20/2009 4/11/2009 §/31/2009 7/20/2009 9/8/2009 12/17/2009
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| 42 | Cistern Volume 3 (L} 0 Cistern Volume 3 (L) 0
| 43 | Cistern Volume 4 (L) 0 Cistern Violume 4 (L) 0
| 44 | Advanced calculation details (hidden by default)
45
46 | Contribution of snow melt (%) 50.0%
47 |Rainwater cistern dead space (%) 15.0%
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In situations where the runoff volume or peak flow reduction required to achieve
stormwater management objectives exceeds the capacity of the optimum sized storage
tank, based on water demand and catchment area, rainwater harvesting systems
should overflow to another LID practice. This can be done by directing overflows from
the storage tank to a pervious area (i.e., simple downspout disconnection), vegetated
filter strip, grass swale, or soakaway. Alternatively, the storage tank could be oversized
and combined with an outflow control to provide temporary detention and controlled
release of stormwater, similar to a detention pond.

Estimating Rainwater Demand

Sizing the storage tanks and catchment area for rainwater harvesting systems begins
with estimation of the rainwater demand. The following factors should be considered in
determining rainwater demand for outdoor uses:

¢ Method of distribution and associated flow rate (e.g. sprinkler systems, soaker
hoses, pressure washing equipment);

e Frequency of watering based on season and landscaping best management
practices;

e Landscaping area to be watered;

e For redevelopment or retrofit installations, the actual water usage by comparing
winter and summer water bills.

Dual use rainwater harvesting systems (both outdoor and indoor use) can be sized
based on the demand principles used for site-specific traditional water and wastewater
design. These estimates can be broken down into usage by aspects of the plumbing
system such as toilets.

The University of Guelph and TRCA Rainwater Harvesting System Design Tool (2009)
can also be used to generate estimates of rainwater demand. Rainwater demand
estimates and assumptions should be included with system design documents
submitted for review by approval authorities.

Stormwater Management Requirements

The needed treatment volume for water quality, peak flow control, and water balance
objectives should be calculated based on the relevant methodology in the CVC or
TRCA stormwater management criteria documents (CVC, 2010; TRCA, 2010).
Continuous simulation of rainfall and storage tank capacity is necessary to design
rainwater harvesting systems to meet stormwater management requirements as the
available storage fluctuates based on the temporal rainfall distribution and water usage.
This can be done using the University of Guelph and TRCA Rainwater Harvesting
System Design Tool (2009). If a different model is used for analysis, it should consider
the available storage in the tank during a storm event which varies according to the size
of the previous storm event, rainwater demand (rate of use) and the length of time since
the previous storm event, all of which vary seasonally. It is important to note that the
total volume of the storage tank is not the active storage volume. The active storage
volume of the tank does not include the freeboard between the overflow outlet and the
top of the tank nor any dead storage below the intake to the distribution system.

4-18

Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

Sizing Secondary LID Practices

Compare the rainwater demand storage volume to the stormwater management volume
required. The volume not stored in the rainwater harvesting system will have to be
treated through a secondary LID practice. For water quality and water balance
requirements, simple downspout disconnection, vegetated filter strips, grass swales and
bioretention are possible choices. For peak flow control requirements, overflow to a
storm sewer that flows to a detention pond or subsurface detention chamber should be
considered. With incorporation of a suitable outflow control, an underground rainwater
cistern can provide temporary detention and controlled release of stormwater
(Coombes, 2002; City of Portland, 2004).

Design Specifications
Recommended design specifications for rainwater harvesting systems are provided in
Table 4.1.4.

Table 4.1.4 Design specifications for rainwater harvesting systems

Component Specification Quantity
Eavestroughs and | Materials commonly used for eavestroughs | Determined by the size and
Downspouts and downspouts include polyvinylchloride layout of the catchment and the
(PVC) pipe, vinyl, aluminum and location of the storage tanks.
galvanized steel. Lead should not be used
as solder as rainwater can dissolve the Include needed bends and tees.
lead and contaminate the water supply.
Pretreatment At least one of the following: 1 per inlet to the collection
= |eaf and mosquito screens (1 mm system.
mesh size);

= first-flush diverter;

= in-ground filter;

* in-tank filter.

Large tanks (1Om3 or larger) should have a

settling compartment for sediment removal

Storage Tanks = Materials used to construct storage The size of the cistern(s) is
tanks should be structurally sound. determined during the design

» Tanks should be installed in locations calculations.
where native soils or building
structures can support the load
associated with the volume of stored
water.

= Storage tanks should be water tight
and sealed using a water safe, non-
toxic substance.

= Tanks should be opaque to prevent
the growth of algae.

= Previously used containers to be
converted to rainwater storage tanks
should be fit for potable water or food-
grade products.

= Cisterns above- or below ground must
have a lockable opening of at least
450 mm diameter.

Note: This table does not address indoor systems or pumps.
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Construction Considerations

For installation, it is advisable to have an experienced contractor who is familiar with
cistern sizing, installation materials, and proper site placement. A minimum one-year
warranty is recommended.

Sequencing
Stormwater should not be diverted to the cistern until the catchment area and overflow
area have been stabilized.

Construction Inspection
The following items should be inspected prior to final sign-off on the stormwater
management construction:

Catchment area matches plans;

Overflow system is properly sized and installed;
Pretreatment system is installed;

Screens are installed on all openings;

Cistern foundation is constructed as shown on plans; and
Catchment area and overflow area are stabilized.

4.1.3 Maintenance and Construction Costs

Maintenance

Maintenance requirements for rainwater harvesting systems vary according to use.
Systems that are used to provide supplemental irrigation water have relatively low
maintenance requirements, while systems designed for indoor uses have much higher
maintenance requirements. All rainwater harvesting system components should
undergo regular inspections every six months during the spring and fall seasons (LID
Center, 2003b). The following maintenance tasks should be performed as needed to
keep rainwater harvesting systems in working condition:

e keep leaf screens, eavestroughs and downspouts free of leaves and debris;

e check screens (1 mm openings) and patch holes or gaps immediately;

e clean and maintain first flush diverters and filters, especially those on drip
irrigation systems;

e inspect and clean storage tank lids, paying special attention to vents and screens
on inflow and outflow spigots; and

e replace damaged system components as needed.

Mosquito Control
If screening is not sufficient to deter mosquitoes, the following techniques can be used
for harvested rainwater intended for landscaping use:

e add a few tablespoons of vegetable oil to smother larvae that come to the
surface; and
e use mosquito dunks or pellets containing larvicide.
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Winter Operation

Rainwater harvesting systems have a number of components that can be affected by
freezing winter temperatures. Designers should give careful consideration to these
conditions to prevent system damage and costly repairs. For above-ground systems,
winter-time operation may not be possible. These systems must be taken offline for the
winter. Prior to the onset of freezing temperatures, above-ground systems should be
disconnected and drained. For below-ground and indoor systems, downspouts and
overflow components should be checked for ice blockages during snowmelt events.

Installation and Operation Costs

The cost of rainwater harvesting systems includes the cost of the storage tanks, as well
as any necessary pumps, wiring and distribution system piping. Storage tanks often
make up the majority of system costs. Their cost varies depending on the size,
construction material and whether they are located above or below ground (LID Center,
2003b). The University of Guelph and TRCA Rainwater Harvesting System Design Tool
(2009) allows the user to estimate the overall cost of different system designs.

The capital cost to homeowners of an individual rainwater harvesting system can range
between $6,000 and $14,000 (in 2006 Canadian dollars), depending on its size and
configuration (CMHC, 2009). Based on analysis by the Center for Watershed
Protection (2007b), base construction costs per cubic metre of runoff stored (in 2006 US
dollars) range from $212 to $777, with a median of $530 (CWP, 2007b).
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4.2 Green Roofs

4.2.1 Overview

Description

Green roofs, also known as “living roofs” or “rooftop gardens”, consist of a thin layer of
vegetation and growing medium installed on top of a conventional flat or sloped roof
(Figure 4.2.1). Green roofs are touted for their benefits to cities, as they improve energy
efficiency, reduce urban heat island effects, and create greenspace for passive
recreation or aesthetic enjoyment. To a water resources manager, they are attractive for
their water quality, water balance, and peak flow control benefits. From a hydrologic
perspective, the green roof acts like a lawn or meadow by storing rainwater in the
growing medium and ponding areas. Excess rainfall enters underdrains and overflow
points and is conveyed in the building drainage system. After the storm, a large portion
of the stored water is evapotranspired by the plants, evaporates or slowly drains away.

There are two types of green roofs: intensive and extensive. Intensive green roofs
contain greater than 15 centimetres depth of growing medium, can be planted with
deeply rooted plants and are designed to handle pedestrian traffic. Roof structures
supporting intensive green roofs require significantly greater load bearing capacity,
thereby increasing their overall cost and complexity of design. Guidance in this guide
focuses on extensive green roof design. Extensive green roofs consist of a thin layer of
growing medium (15 centimetre depth or less) with a herbaceous vegetative cover. Two
installation options are discussed: conventional and modular construction.

Figure 4.2.1 Examples of green roofs

Clockwise from top left: Chicago City Hall (Source: Roofscapes, 2005); York University in Toronto,
Jackman Public School in Toronto; and Earth Rangers Building in Vaughan (Source: TRCA)
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Common Concerns

Green roofs have multiple benefits including improved aesthetics in urban areas,
reduction of the urban heat island effect, improved air quality, and insulation of
buildings. However, there are some common concerns that should be addressed
through design:

e Water Damage to Roof: Ponding water on roofs with drain restrictions is a
practice already in use in the Greater Toronto Area. While failure of
waterproofing elements may present a risk of water damage, a warranty can
ensure that any damage to the waterproofing system will be repaired, similar to
traditional roof installations. Leak detection systems can also be installed to
minimize or prevent water damage.

e Vegetation Maintenance: Extreme weather conditions can have an impact on
plant survival. Appropriate plant selection will help to ensure plant survival during
weather extremes (see Appendix B for guidance on plant selection). Irrigation
during the first year may be necessary in order to establish vegetation.
Vegetation maintenance costs decrease substantially after the first two years of
operation, once plants become established.

e Cost: An analysis to determine cost effectiveness for a given site should include
the roofing lifespan, energy savings, stormwater management requirements,
aesthetics, market value, tax and other municipal incentives. It is estimated that
green roofs can extend the life of a roof by as long as 20 years by reducing
exposure of the roofing materials to sun and precipitation (Velazquez, 2005).
They can also reduce energy demand by as much as 75% (TRCA, 2006). Some
municipalities, such as the City of Toronto, offer green roof incentive programs
that should be considered in the cost assessment. A study of the life cycle costs
and savings of building and owning a green roof in the Greater Toronto Area was
undertaken by TRCA (2007a).

e Cold Climate: Green roofs are a feasible BMP for cold climates (Figure 4.2.2).
Snow can protect the vegetation layer and once thawed, will percolate into the
growing medium and is either absorbed or drained away just as it would during a
rain event. No seasonal adjustments in operation are needed.

e On Private Property: Property owners or managers will need to be educated on
their routine operation and maintenance needs, understand the long-term
maintenance plan, and may be subject to a legally binding maintenance
agreement. An incentive program such as a storm sewer user fee based on the
area of impervious cover on a property that is directly connected to a storm
sewer (i.e., does not first drain to a pervious area or LID practice) could be used
to encourage property owners or managers to maintain existing practices.
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Figure 4.2.2 A green roof during winter

Source: National Research Council Canada, 2006

Physical Suitability and Constraints
Green roofs are physically feasible in most development situations, but should be
planned at the time of building design. Some key constraints are addressed below.

e Structural Requirements: Load bearing capacity of the building structure and
selected roof deck need to be sufficient to support the weight of the saill,
vegetation and accumulated water or snow, and may also need to support
pedestrians, concrete pavers, etc. Standards for dead and live design loads are
available from ASTM International. Although the Ontario Building Code (2006)
does not specifically address the construction of green roofs, requirements from
the Building Code Act and Division B may apply to components of the
construction. Further requirements from sections 2.4 and 2.11 of the 1997
Ontario Fire Code also require consideration.

e Roof Slope: Green roofs may be installed on roofs with slopes up to 10%.

e Drainage Area and Runoff Volume: Green roofs are designed to capture
precipitation falling directly onto the roof surface. They are not designed to
receive runoff diverted from other source areas.

Typical Performance
The ability of green roofs to help meet stormwater management objectives is
summarized in Table 4.2.1.
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Table 4.2.1 Ability of green roofs to meet SWM objectives

Stream Channel

BMP Water Bal_ance Water Quality Erosion Control
Benefit Improvement :
Benefit
Green Roofs Yes Yes Yes

Water Balance
Green roofs help achieve water balance objectives by reducing total annual runoff
volumes. Considerable research has been conducted in recent years to define the

runoff reduction capacity of extensive green roofs. Reported rates for runoff reduction
have been shown to be a function of media depth, roof slope, annual rainfall and cold
season effects. Based on the prevailing climate for the region, a conservative runoff
reduction rate for green roofs of 45 to 55% is recommended for initial screening of LID
practices. Results from select monitoring studies are provided in Table 4.2.2.

Table 4.2.2 Monitoring results — green roof runoff reduction

. . . Substrate Runoff
Location Monitoring Period Depth (cm) Reduction® Reference
. May '03 — Aug.'05 o0s2 Van Seters et al.
Toronto, Ontario excluding winters 14 63% (2009)
: Mar.’03 — Nov.'04 02 Liu and Minor
Toronto, Ontario excluding winters 7.5and 10 57% (2005)
Ottawa, Ontario Nov.’00 — Nov.'01 15 54%° Liu (2002)
East Lansing, Apr.’05 — Nov.’05 & o
Michigan Apr.’06 — Sep.'06 6 75 to 85% Getter et al. (2007)
East Lansing, Aug.’02 — Oct.’03 55 61% VanWoert et al.
Michigan excluding winter ) 0 (2005)
Hutchinson et al.
— ! 0,
Portland, Oregon May — Oct.’02 11 69% (2003)
Between 1987 and 4 os5 Mentens et al.
Germany 2003° 10 50% (2005)
Kinston, North July — Auq & Nov.- 10 64% Hathaway et al.
Carolina Dec.’03 (2008)
: Carter and
’ _ ’ 0,
Athens, Georgia Nov.'03 — Nov.'04 11 78% Rasmussen (2006)
Runoff Reduction Estimate® 45 to 55%
Notes:
1. Values represent total precipitation retained by the green roof over the monitoring period unless

otherwise noted.

2. Value represents reduction in runoff from the green roof relative to a reference roof, not relative to
precipitation.

3. Based on summary of 18 different studies examining 121 extensive green roofs.

4. Value represents the median substrate depth from 121 extensive green roofs.

5. Value represents the average runoff reduction as % of total annual precipitation, based on studies
of 121 extensive green roofs.

6. This estimate is provided only for the purpose of initial screening of LID practices suitable for

achieving stormwater management objectives and targets. Performance of individual facilities will
vary depending on site specific contexts and facility design parameters and should be estimated
as part of the design process and submitted with other documentation for review by the approval
authority.
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Water Quality — Pollutant Removal Capacity

Only a handful of monitoring studies have measured the pollutant removal performance
of green roofs. A TRCA study comparing conventional black roof runoff to green roof
runoff in Toronto was completed in 2006. The study conducted a water quality analysis
for a total of 21 events during 2003 and 2004. Table 4.2.3 summarizes the water quality
results. The loading ‘percent difference’ values shown in the right column represent the
difference in loading, expressed as a percentage, between unit area loads from the
conventional roof and the green roof. Designers should regard the pollutant load
reductions shown below as an initial estimate until more performance monitoring
becomes available.

Table 4.2.3 Comparative pollutant load reductions for a green roof

——— =
el (Convlze?lﬁglnna? R/éj)oel\f/fs?rgrne(;i Roof)
Total Suspended Solids 89

Total Phosphorus -248

Nitrate 91

Aluminum 69

Zinc 69

Copper 86

E. Coli 11

*Positive values indicate lower pollutant loadings from the green roof.
Negative values indicate higher pollutant loadings from the green roof.

Source: Van Seters et al, 2009

Other studies have also found higher concentrations of nutrients in green roof runoff
that can be attributed to leaching from the growing medium (Hathaway et al., 2008;
Berndtsson et al., 2006; Long et al., 2007). Leaching may be reduced by using less
organic matter and coated, controlled release fertilizer in the growing medium (Emilsson
et al., 2007). Further reductions in phosphorus may be achieved by filtering runoff
through media that are specially engineered to bind phosphorus through sorption
processes (Ma and Sansalone, 2007).

Stream Channel Erosion Control

The use of a green roof will reduce the channel erosion control driven detention
requirement by decreasing the impervious cover area. If the total detention
requirements can’'t be met by the green roof alone, flow restrictors on roof downspouts
may also be used.

Other Benefits
The benefits of green roofs reach beyond the specific stormwater management goals to
other social and environmental benefits, including:

e Energy Conservation: The layers of growing medium and vegetation on the roof
moderate interior building temperatures and provide insulation from the heat and
cold. As a result the amount of energy required to heat and cool the building is
reduced, providing energy savings to the owner. To illustrate, a recent study by
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4.2.2

Environment Canada and the National Research Council of Canada (NRC)
planted a green roof with juniper shrubs growing in thick soil. The purpose of the
design was to reduce the effect of wind speed (which draws heat from the
building) and to increase the building’s resistance to heat loss. Indoor
temperature variations and energy consumption was compared with a traditional
roof building. Measurements showed that heat flow from the building with the
green roof was reduced by more than 10 percent (Bass, 2005). At the NRC
Ottawa green roof, energy demand for air conditioning was reduced by 75% (Liu,
2002).

Acoustic Insulation; Green roofs can also be designed to insulate the building
interior from outside noise, and sound-absorbing properties of green roof
infrastructure can make surrounding areas quieter.

Urban Heat Island Effect: Green roofs can reduce the urban heat island effect by
cooling and humidifying the surrounding air. Temperature of runoff from the roof
will also be lower, which is a benefit to temperature-sensitive aquatic life.

Aesthetics and Habitat: With thoughtful design, green roofs can be aesthetically
pleasing and can improve views from neighboring buildings. Additionally, the
rooftop vegetation creates habitat for birds and butterflies.

Reduced Demand on Downstream Infrastructure: The reduction in runoff
volumes associated with green roofs can lessen the demand on existing
downstream stormwater infrastructure, and, in the case of combined sewers,
lower the frequency of overflows.

Increased Longevity of Roof Structure: The green roof mitigates extreme

temperatures and exposure to storms and extends the longevity of the roof
structure.

Design Template

Applications

Green roofs can be installed on many types of roofs (Figure 4.2.3), from small slanting
residential roofs to large commercial roofs. Sometimes only a portion of the roof is
dedicated to a green roof. This best management practice is particularly useful in ultra
urban sites where space for surface BMPs is limited.
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Figure 4.2.3 Other examples of green roofs

Source: City of Toronto (left); CWP (right)

Typical Details
Schematic renderings of typical green roofs are provided in Figures 4.2.4 and 4.2.5.

Figure 4.2.4 Schematic of a green roof

Flans aa,

-\-"""-\,_\_q‘
Flanting media | oo B 2R e e e NP OO WECPN o N

sy

Plant Cantainer

\-\"-‘_
Filter layer —_

s

""-\_‘_\_‘_--
Drain layer —

Protective layer — pume

ff/--' Er
Membrans

e —
[nsulation —

Steal ronf deck —

Source: Shade Consulting, 2003

4-29
Version 1.0



Low Impact Development Stormwater Management Planning and Design Guide

Figure 4.2.5 Green roof layers

Source: Great Lake Water Institute

Design Guidance

Only qualified professionals should design green roofs (e.g., Green Roof Professional
certification program, sponsored by Green Roofs For Healthy Cities;
www.greenroofs.org).

Green roofs are composed of multiple layers that include:

e aroof structure capable of supporting the weight of a green roof system;

e a waterproofing membrane system designed to protect the building and roof
structure;

e adrainage layer that consists of a porous medium capable of water storage for
plant uptake;

e afilter layer to prevent fine particulate from the growing medium and roots from
clogging the drainage layer;

e growing medium with appropriate characteristics to support selected green roof
plants; and

e plants with appropriate tolerance for harsh roof conditions and shallow rooting
depths.

Details on these layers are provided below.
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Roof Structure

The load bearing capacity of the roof structure must be sufficient to support the soil and
plants of the green roof assembly, as well as the live load associated with maintenance
staff accessing the roof. Generally, a green roof assembly weighing more than 80
kilograms per square metre, when saturated, requires consultation with a structural
engineer (Barr Engineering, 2003). Standards for dead and live design loads are
available from ASTM International.

Green roofs may be installed on roofs with slopes up to 10%. On sloped roofs additional
erosion control measures may be necessary to stabilize drainage layers.

As a fire resistance measure, non-vegetative materials, such as stone or pavers should
be installed around all roof openings and at the base of all walls that contain openings
(Barr Engineering, 2003). Materials used around roof openings should be non-leaching
to prevent contamination of the green roof growing medium.

Waterproofing System

In a green roof system, the first layer above the roof surface is a waterproofing
membrane. Two common waterproofing techniques used for the construction of green
roofs are monolithic and thermoplastic sheet membranes. Another option is a liquid-
applied inverted roofing membrane assembly system in which the insulation is placed
over the waterproofing, which adheres to the roof structure. An additional protective
layer is generally placed on top of the membrane followed by a physical or chemical
root barrier. Once the waterproofing system has been installed it should be fully tested
prior to construction of the drainage system. Electronic leak detection systems should
also be installed at this time (The Folsom Group, 2004).

Drainage Layer

The drainage system includes a porous drainage layer and a geosynthetic filter mat to
prevent fine growing medium particles from clogging the porous media. The drainage
layer can be made up of gravels or recycled-polyethylene materials that are capable of
water retention and efficient drainage. The depth of the drainage layer depends on the
load bearing capacity of the roof structure an