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Abstract

This reportdemonstrateBow green stormwater infrastructure in public streets and green sgates
increase urban capacity to adapsévereainfall events and minimize flood risk concept plarbased
on current green stormwater management best praigisesuded thatif implementedwould transform
RockcliffeS my t he f r o m Imest floagvulfievabl® neighbdurhod®®lato, 2019)nto amore
flood-resilient communityTheflood mitigationapproach pposedn theconcept plarfiocuses on
restoring the natural hydrological cyaéthe urban landscape kjiocating more arefor stormwater
capture and infiltration. Flood mitigationeasures empyed includestreet retrofitand the revitalization
of green space§ hisreport concludethatneighbourhoogscale retrofit projects casignificantly

improve stormwater management and build urban resilience to the effects of flooding.

Keywords: Green Infrastructure, Stormwater Management, Urban Flooding, Climate Change Mitigation
and Adaptation, Land Use Planning, Urban Environmentainitig, Urban Environmental Design,
Resilience.
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When | began the Mastar Environmental Studies in Planning (MES) program, my objective was to
understand the socioeconomic and environmental value of nature in cities and how the placeisg)
can strengthen and expand the urgi@enspacesystem Over the twoyear program, my knowleddeas
expandeabn topics within urban planning and with it my research interests have evwalogtanning for
urban resilience to climate change by wogkwith natual systems. Courses, conferences, workshops,
and placements have enabled me to build the theoretical and practical skills required to conduct this

research and enter the planning profession as a critical and compatgitioner

TheMES program requires students to create a Plan of Saualgrsonalized curriculum that includes
learning components and learning objectives which must be achieved by the end ofytbartprogram.
Thisreport demonstrates my mastery of the tlw@mponats of my Plan of Studyenvironmental
planning urbanenvironmentaldesign andirbanecology, andpublic space anglacemaking.
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1. | nt roducti on

Cities are vulnerable to climate changbere is a growing neddr cities that historically grew around

water bodieso plan and implement adaptation meastinas build resilience against intensifying extreme

weather and flood eventBlanners and public policy practitioners are among the core experts who have
beencalled uponto develop adaptation and mitigation solutionsmEnageclimate change impacts in

cities. The Canadian I nstitute of PBRp.dstatesth&d Pol i c
fipreparing for the unavoidable impacts of climate change requires a drastic shift in therway

communi ti es ar eandrequiledimnzediate ationratcevery tevebof governrivignt.

researchieport responds to the Canadian Institute of Plabners al | t o acti on for pl ar

role inthe adaption ofommunities to environmental changes now and in the future.

For cities like Toronto, where stormwater infrastructure is already operating over its designed capacity,

the anticipated incrae in rainfall is a serious threat timatistbe addressed. Without significantreases

tot he capacity of Tor ont o Otkerisktioffoodaveats aad dammagennvdlg e me n t
increaseA question | found myself asking isow canthec apaci ty of Torontobs stor
system be increased to ensure the city can adapt to a future with more frequent and severe rainfall

events?

As city-builders, we can choose to implement innovative stormwater management solutions that work
with natural dainagesystems, or we can reinforce the conventional approach to stormwater management
that aims to convey runoff away from buiilp areas as quickly as possible. This report explores how

public spaces, such as streets and parks, could bettettedi reduce the number and severity of urban
floods by improving overland drainage anflltration rates, enabling the urban environment to function

hydrologically and reduestrain on the existing piped infrastructure system.

To this end, | undertook conceptuaplanning andlesign study oRockcliffeS my t he, Tor ont o6 s
flood-vulnerable neighbourhod®lato, 2019)to investigaténow green stormwater infrastructure could

be used to reduce local vulnerability to riverine flooding and sewer féjuraproving urban drainage.

The output of the study is a proposed concept plan that transform underutilized pubkdrgpace

multifunctional green stormwater managentawtlities. The planrecommends that all lowaffic and

low-volume streets within the neighbourhood should be retrofitted into one of four new street types

referred to in this report dareenStormwaterStreets that convert portions of the impervious roadway

into perviousand/or vegetated cover to increager infiltration at the sourc&he second

recommendation involves the revitalization of the l@rabnspacesystemto create multifunctional



green spaces that fulBkeverabpolicy priorities, includingstormwater maagement and recreation
objectives.

This research was undertaken to reconcile the disconnection between cities and natural systems by
conceptualizing what the floeculnerableneighbourhood of Rockcliff&mythe could look like if itvere
retrofitted with the hydrological cycle in mintdconclude thaheighbourhoogscale retrofit projects that
implement green stormwater infrastructure are an achievable approach to improgimgesilience to

flooding.

1.1: Report Outline

This report is divided into eight main sections, plus additional resources in the appendalksysis
1: Introduction

2: Key Issuesand Opportunities in Stormwater Management
This sectiorincludesbackground information on the urban challenges caused by stormwater runoff and
the different approaches stormwatemanagement.

3: Concept Plan and Design Methodology
This section outlines my methodological approach to conducting a congglpiugihg andlesign study.

4: The Study Area and Surrounding Geographic Context
This sectiorprovidesbackground knowledge of the study area and the surrounding geographic context

examined during the conceptydénning andlesign study.

5: Study Area Challenges: Existing Conditions and Assessment
This section should be consulted to gain an understanding of the @nvinonmental conditions and
challenges to stormwater management withstudy area. This analysis was used to establish reference

conditions consulted when creating and evaluating the proposed concept plan.

6: The Proposed Concept Plan and Designs

This section includes my proposed concept plan and designs that aim to minimize flood risk damage in
the study arausing green stormwater infrastructure. The proposal includes two types of refrefs:
stormwater streets and pitbgreen spaces. The pased concept plan and designs respond to the City of
T o r o WffimabPtan (2019 andGreen Streets Technical Guidelin&chollen & Company Inc. et al,
2017) which encourage the use of green infrastructure to improve the management of stormwater and

resilience to climate change.



7: Discussion @ the Impact of the Proposed Concept Plan

This section provides my interpretation of the impacts the proposed cpteepiould have on

mitigating flood risk and damage in the study area. In addition, commentary is included on the limitations
of the research project and the current provincial and municipal policy context for green stormwater

management and infrastruatur

8: Concluding Remarks
A summary of the research and findings is presented. Several research questions that could extend this
project and finthgs are included for future MES Planning students interested in green infrastructure and

stormwater management.

Appendix A: Planning and Policy Framework for the Study Area
Detailed summary of the provincial and municipal public policy that promote thaf gseen
infrastructure and natural vegetative systems to improve stormwater management and forward climate

change adaptation.

Appendix B: Green Stormwater Infrastructure Selection Tool for Street Retrofits
The green stormwater infrastructure selection tool used when developing the concept plan and designs for
the Green Stormwater Streets retrofits



2Key I @asde@pportunities
St owamt er Management

2.1: Overview

This section provides background informatmmthe hydrologic cycleandstormwateigeneratiorin
natural andirban landscapes (Section 2 Phegrey and green approaches tarsiwater management
areoutlined(Section 2.3)followed byadiscussion oigreen stormwater infrastructure elemarged in
this report taachieve stormwater management objecti&ection 24).

2.2 Stormwateland theHydrologic Cycle

Stormwaterrunoff is produced when rain and snownfldiv along the surface of the Earth.natural
areasyegetation and natural ground co¥esuch as trees, shrulmspsses, and sodlsinterceptthewater,
capturingit in depressionwherewateris filtered andnfiltrated. Groundwatetevels are stablesupplying
water to the trees amdicroorganisra thatkeepthe soil porousWater flows through widand
meanderingvatercourses filled with clean watend abundanarine and terrestrial liffHough, 1995)
Stormwater in this natural hydrologigcleis aresourceghat connectall life and natural systems

together.

The urban hydrologic cyclen the other handbears little resemblancedmatural cyd. The built form
andlandusewithin urbanareashavesignificantly alteed how watermovesthroughurbanlandscapegLi
et al, 2019} arco, 2016)Urbanizationreplacesregetatedand covemith impermeable surfacdssuch
as roads, roofs, parking lots acampacedsports field® thatpreventstormwater infiltration intdhe
underlaying soilsLow infiltration ratesresult inlargevolumesof fastmovingstormwater flowingalong
the smodh imperviousurbansurface (Hough, 1995, p39). Stormwatey if not manageeffectively,can
result in serious adversecioeconomic and environmenipacts includingdamage froniloods and
erosion poor water qualitywatercourse fluctuations, and the depletion of the water (aibde al, 2019;
Marsh, 2010, p168;Larco, 2016 Hough, 199h

Stormwater managemeisttheeffort to reduce theolumeof stormwaterunoff thatflow through urban
areasand minimize the effects difierunoff that is produce(RCA, n.d-c; Larcq 2016) There are
differentapproaches to stormwater managentiesitdetermines the strategjetesign and effectiveness
of thesystem(Davis et al, 2009Hough, 1995)



2.3. Approaches to Stormwater Management
Two main types of stormwater management systems are discussed in this report: the conventional grey

stormwater approadindthe green stormwater approach.

Conventional gregtormwatemanagemergystems are designed to convey runoff away from-hpilt
urbanareas as quickly as possilflé et al, 2019 Hough, 1995, p39). This is done with engineered
infrastructure assets such as storm sewers, culverts, and outfalls. Common practices also include
channeling or burring streams, draining wetlands, and cotisfgudamgMarsh, 2010). Unfortunately,
grey stormwater management systems have exacerbated the issues of flooding, erosion, and poor water
guality, rather than minimize the damage (Hough, 1995; Marsh, 2Bb0kxample, the risk of riverine
flooding is mised by piped drainage systemviich discharge huge quantities of runatcumulatedrom
impermeableatchment areadirectly into local watercourses through outfalls. This raises the peak flow
and velocity of the watercourse, which increases the fiflkad and erosion damage. Further, the grey
stormwater system decreasecal and downstream water quality by discharging large quantities of
untreated runoff directly into watercourses through outfalls and combined sewer overflows (Forman,
2014).

Green stormwater management systems are desighaddéerunoff where it is generated lyarnessing
naturalprocesseto restorghe hydrological cycle. The green approach utilizes natural and manmade
infrastructur® such adNatural HeritageSystenieatues, permeable surfaces, and bioretention factities

0 toreduce, slow, filterand infiltrate stormwater runoff. Common practices include the naturalization of
developed land and channelized streams, the protectidatofal Heritage Systenfeatures, anthe
construction ofmultifunctional ecosystems that provide temporary and/or permanent water storage.
Researchers have found the grapproach to be an effective tool to manage runoff, reduce peak flow
and erosion rates, and improve water quality (Davis et al, 2B68tley, 2016; Matthews et al, 2015;
Larco, 2015; Higgs 2003 & 2017; Kondo et al, 2015; Chin, 2017). The gm®oach emhasizes the
importance of working with natat systemss opposed to controlling nature under the conventional grey

approach (Davis et al, 2009).

In this report, | use the green stormwater management approach to create a concept plan to demonstrate
how the natural drainage capacity can be improved in Rock¢difey t he, Tor ont ods most
vulnerable neighbourhod#lato, 2019)usinggreen stormwater infrastructui®ection 24 providesan

overview of the green stormwater infrastructure elements thiizeuh the proposed concept plan and

designs.



2.4: Green Stormwater Infrastructure

The four primary outcomes that the green approaclotmstater management achiswge toreduce,
slow, infiltrate, and filter urban runoflhese outcomes can behievedy directing runoff intqourpose
built infrastructure assetgeferred to in this report as green stormwater infrastruchaB)se vegetation
and soils tananage runoff Wwere it is generateGreen stormwater infrastructuigean effective strategy
to maintain natural hydrology in a site ungeing development, or to restaratural hydrologyo an
urbanized areavloreover,green stormwater infrastructuieeffectiveat extending the capacity of
existing municipal grey stormwateifrastructure bydivertingrunoff from the sewer system ingyeen
stormwateiinfrastructureelements where it can diltrated (Li et al, 2019)

Typical componentsof a green stormwater infrastructure element inchetgetation, depressions, soil
other permeable materiabmd inletsThis combination facilitates infiltration and filtration, reducing
watercourse velocity, pedlow, erosion and contamination rat€een stormwater infrastructure
elements become more effective over time as vegetation reaches naatdrigyless likely to faidluring
heavy raifiall events(Forman, 204, p.172).

There areaveral green stormwater infrastructure elemdwds city-builders canmplement to achieve
stormwater management outconmgge following green stormwater infrastructure elements are utilized in

this report:

Bioretention Facilities are constructed depresasdesigned to capturiold, filt er, and infiltrae
stormwater runoff during rainfall and snowmelt eveiitavis et al, 2009; Chin, 2016; Kondo et al, 2015;
Trowsdale & Simcock, 2011)Although bioretention systems require ssgecific designa typical

facility consists of a grass buffer, a belgnade depression filled with a porous soil mixture of sand and
organic matter, and an upper layer of mulch and veget@fiomnsdale & Simcok, 2011) Bioretention
facilities can be incorporated inémy green spaceor street type and can be designed to manage runoff
from light to heavyrainfall events through the addition of an underdrain pip&h conveys runoff that
reaches the bottom die facility into another element of the stormwater syst@ohdllen & Company

Inc. et al, 2017NACTO, 2017; Chin, 2017).

Types of bioretention facilities that are used in the concept plan include bioretention planters, bioretention

swales, and bioretewtn rain gardens.

Bioretention Plantershave vertical walled sides, a flat bottom, and are often rectangular in shape.
Typically, bioretention planters are located along streets, sidewalks, driveways, and utilities in order to

receive and manage runoff from impermeable surfaces through Béttslien & Company Inc. et al,



2017 NACTO, 2017). Bioretention planters are also be referred to as stormwater planters, planter boxes,
bioretention cells, raised planters, or roadside planter

Bioretention Swalesare shallow vegetated channels with stbpigles that manage runoff through source
control and conveyance. Bioretention swales are an effective method for slowing the velocity of runoff
before it engages with other stormwater infrastructure features aicaateesBioretention swales can

be in@rporated into locandconnector streetsEhollen & Company Inc. et al, 201 Bioretention

swales are also referred to as dry swaket swalesor infiltration swales

Bioretention Rain Gardensare smaliscale sunken planting beds composed of higklyneable soils

that receive runoff for temporary storage. Rain gardens can be incorporated into residential street medians
and islands, residential lots, and greenspaces (Chin; R&CITO, 2017; Schollen & Company Inc. et al,

2017).

Curb Extensions andBump-Outs are an expansion afcurb into a portion of the roadway, either at an
intersection or mieblock, in order to make space to incorporate green stormwater infrastructure into the
roadway. Curb extensions and buogs can be incorporated into mastieet types to receive and

manage runoff from adjacent impermeable surfé8ebollen & Company Inc. et al, 20IMACTO,

2017). In addition to providing space for green stormwater infrastrystuch as bioretention planters

and street trees, curb extems and bumyouts are an effective trafficalming featuréSchollen &

Company Inc. et al, 20}.7

Inlets are openings in a curb that are designed to convey stormwater runoff from the surrounding area

into a green stormwater infrastructure featsteh as a bioretention planter or tree (8ACTO, 2017)

Permeable Pavementan be used as an alternative to impermeable pavement tcstilomwater to
infiltrate through thesurface materighto the underlying soil or reservoir. Permeable pavemedalisda
interlocking concrete paverngerviousconcrete, porous asphalt, or other forms of pervious or porous
materials. Permeable pavement camded for walkways in parks orcorporated intarban streetby
replacing impermeable sidewalks-sineet paking spaces;ycling lanes low-traffic vehicle lanesand

parking lotswith permeable pavemer¢hollen & Company Inc. et al, 201INACTO, 2017)

Stormwater Tree Cell are valled cellsdesignedor a single tre¢o receive runoff from adjacent
impervious surfacesschollen & Company Inc. et al, 2017 he cells can have an open or closettom,
dependenton the space available for soil volume. Stormwater tree cells areeds@dio as stormwater

treewells and stormwater tree pits



Stormwater Tree Trenchesaredesigned t@onnect severatormwater treeellswith alinear
underground trench systef@dhollen & Company Inc. et al, 20IMACTO, 2017). Stormwater tree
trenches can be incorporated itite medians and sidewalk plantingnes of most street types.



3. Concept Plan and Des

3.1: Overview

This section outlines my methodological approach to condutitisgonceptuaplanning andlesign
study.The approactenabled me to apply the theoretical knowledigained throughout the MES

program to a realorld environmental planning problem. In doing so, | challenged myself to engage with
a critical planning issue and gain experiemits geographic information systems (ArcGIS) and graphic
design (Adobe lllustttar) software that hadno previous experiencasing

3.2: Methodological Approach

3.2.1:Study AreaSelection

In order to meethelearning objectivesutlined in my Plan of Study selecédan area within Toronto
that has high vulnerability to floaa§j and has numerous legquality and underutilized public spaces that
could be retrofit using green infrastructure to improve stormwater management. | identified the
neighbourhood of RockcliffSmythe as a potential study area followargviewof severalTRCA
resources such as the floodplain map vieWw&CA, n.d-a) and the flood vulnerable cluster m@PRCA,
2019 p. 30). Giventhatdevelopinga concept plan faanentire neighbourhood was beyond my capacity,

a subsection of the neighbourhood wakected as the study area for tigisearciproject

3.2.2:1dentifying and Assessing Stormwater Management Challenges in the Study Area
Understanding theurrentorganization and conditions of theilt and natural environmesgin the study
areawasmy first step to understanding thesrmwater management challengdyg. methodological
approactio identifying and assessing stormwater management challengéastisilg based orstrategies
for establising baseline conditions when conducting an environmergséssment. | was introduced to
this methodology in ENV$186 Theory and Methods of Impaktsessmerdndhave since consulted the
assignedtexK e v i n  HEavimonraedtal Impact Assessment: Practice Badicipation (2015),
several times throughout the MES programdaptedH a n n a B5sbasglidedassessment strategy to fit
the scope of this research project usitrgtegies outlined in James LaGro Bite Analysis: Linking

Program and Concept in Land Planning and Degqi2@l3).

Establishing thexisting conditionsncluded threesteps (1) information gathering; (2) data organization;
and (3) analysis. The information gathering phase included assembling datayfromsite observation
and a variety of secondary sources such as City of Toronto and TRCA staf§ ,repotonmental

assessments, and open data portals. After collecting the data, | organized the information by creating



tables, maps, argketcheso make sense of theformation | had gathere&inally, | reviewed the
organized data to identify key chaigedo stormwater management at the neighbourHewel that

could be addressed using green stormwater infrastructure.

3.3.3: Developing the Proposétioncept Plamand Designs

Before | could begin designing the concept plan, | first needed to learn about the topics of watershed
planning, stormwater management, and green infrastructure. Further, | needed to have a broad
understanding of the current best practices within thelkks faadto examine built precedents. | consulted
academic literature, public polidocumentsand professional reports in the fields of urban

environmental planning and design, landscape architecture, and engineering to compile a list of emerging
planningtrends and best practices for strengthening urban resilience to climate change and flooding

through the use of green stormwater infrastructure within public spaces.

My decision to retrofit the roadwaywvithin the study area is because roads are the tgwgblc space

assein most citiesfar exceeding the amount of space dedicated to parks, natural areas, or other spaces
for social and community connection. Urban roadways, especiallydtume and lowspeed roads in
residential areas, are an underméiti public space that have the potential to forward environmental and
social needs of communities by reallocating how the roadway is used.

My inspiration for how to retrofit the roadways within the study area came primarily from City of

Toronto design guigline manuals, including th@reen Streets Technical Guidelin&chollen &

Company Inc. et al, 2013ndthe Complete Streets Guidelin€Boronto,2017). TheUrban Street

Stormwater GUIdéNACTO, 2017) compl emented t he @rdprgvidedf Tor on
excellent case study exampfesm whichto draw further realvorld examples anléssons learnedFrom

these resources, | created a simplified street classification system and green stormwater infrastructure
selection too[see Appendix Badapted from th&reen Streets Technical Guidelin@hollen &

Company Inc. et al, 201AndUrban Street Stormwater GuidACTO, 2017).

My decision torevitalize the publigreenspaces within the study arees because these spaces ban

intentionally designed as floa@silient infrastructureas well aspaces for active recreation and social

connection. My inspiration for how to redesign fhublicly ownedgreen spaces within the study area

came from both firshand observations, courses taken during the MES program, and academic research.
Government documentlLisingCities Botides§ 2 OtlL4g , TRGAO Ofiicialy of To
Plan (2019, andOn t a Gtormviater Management Planning and Design Maii2@03), provided

contextof the scope of ik researclproject Planning projectthat strive to strengthen a cities natural and
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structural capacity to adapt to flooding as a result of urbanizatid climate change through the use of
green stormwater infrastructure, such as the NetherRods for the River Programn(Rijkswaterstaat,
2010;Rotterdam, 2010and theDon Mouth Naturalization and Port Lands Flood Protection Project
(Waterfront Torato, n.d.& 2016), were inspiration for the desigr_astly, | consulted academic papers
while drafting the concept designs to ensure that best practices were being incorporated into the plans.

Theplanning and design procesaslengthy,stretching from March to June 2020. | draftgdhand

many versions of each street and green space concept design before settling on the final designs that are
included in this repomtising Adobe lllustratorDrafting multiple concept plans helped me idgnt

realistic interventions and the different possible configurations that could occur within the sites. Often, the
strongest concept designs were created by merging multiple drafts together, pulling inspiration from built

precedents, and by soliciting tHeack from fellow environmental planning students and professors.

3.34: PlanVisualization

Communicatinghe proposed concept plan throwggsyto-understand visualgas an integralcomponent
of thisproject for mel believe that visual representations of uriptanning and desigtheories,
concepts, andisionsareessentiafor communityengagemerdnd decisiormakingpurposesFurther, as
a student researchéifelt the only way | could explorthefeasibility of my proposedoncept plan to
mitigate flood riskusing green stormwater infrastructure wadltsirate my plan througbisualdesigns.

My lack of experienceising design software wassignificant challengdat | faced during this research
project.l spentmanyhourslearning how to use ArcGIS tlisplay the spatial organization of tsieidy
areaand my vision for the sitédowever, followingmonths ofeffort | wasstruggling toproduce the
graphics in dormatl was happy withAfter testing out other design softwareldcided to move forward
with Adobe lllustrator as mgoftware ofchoice. | found lllustrator tbe a userfriendly program with
severabnline tutorials available for beginners. lllustrator allowed mienfmrt screenshots ahasinto

the programandadd layers talisplay the existing conditions and concept plan in a clear and clean format.

This was d@ime consumindput rewarding procesdVithout any prior knowledge,Havesuaeeded in
communicating the vision of my concept plan graphicdllyrther, manyob applications foentry-level
urban planershighlightas an assetxperience using design software, such as ArcGIS and Adobe
lllustrator.l am happy that | was able to leverage this research project to dee@lagesign skillsin
addition to my much greater understanding of site delighwill serve mein my careeils a practicing

planner.
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4.Th8tudy Area and Surro
Geographic Cont ext

4.1: Overview

This section should be consulted to gain background knowledge of the study area and the surrounding
geographic context examined during the conceptiaaining andlesign study. Section 4.2 provides an
overview of the study area, a 1. 65-Ssytheare kil omet
neighbourhoo@long Black Creek and the Humber River. Section 4.3 provideddighinformation on

the surrounding geographic area, from a municipaveatdrshed perspective, poovide context to the

stormwater management and environmental challenges that wkbb@red in subsequent sections of

the report.

Figure 1: Study Area Context Map
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Figure 2: Watershed and Subwatershed Context MERGA, 2008a, p. 22)

4.2: The Study Area

The study area i@ 1.65squarekilometrearea located withithe RockcliffeSmythe neighbourhoad the
City of Tor .dhetstody areawsdaund by Bylihton Avenue West to the north, Jane Street/
Hilldale Road to the east, Foxwell Street/ Woolner Avenue to the souwtigaarlett Road to the west.

Located along the regulatory floodplains of Black Creek and the Humber River, the study area has a high
vulnerability to flooding Many sites within the study area have experienced surface and basement
flooding during large pm@pitation events due to riverine flooding and storm sewer overfldo(to,

2018b).

The study area includes:

1 Seven public parks: Smydiirark,Black CreekParkWest, Black CreelarkEast, Rose Valley
Park, Nolbe Park, Brendwin Circle Parkette, and Cyiatkrimette Parkette;

1 One publicly owned and operated golf course: Scarlett Woods Golf Course

1 One public school: Rockcliffe Middle School; and

1 30 publicly ownedstreets
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2.3: The Surrounding Geographic Context

2.3.1: TheRockcliffe-Smythe Neighbourhood

The RockcliffeSmythe neighbourhood is situated in the west end of Toréh®neighbourhood has a

population of approximately 22,246 residents with a population density of 4,414 people per square

kilometre (Toronto,2016). The built form of the neighbourhood is predominantly residential, with

pockets of mixedise and employment are@tack Creek, a channelized watercourse, flows through the

centre of the neighbourhood, while tHamber River flows along the northwesté&gundary. Several

parks and open green space areas are located along the watercourses, while a small number of small parks

and parkettes are distributed away from the watercourses within the residential area.

The land that makes up Rockcldmythehasundergone many landsechanges. In the 1920s, Conn

Smythe converted a significant portion of #griculture landaround Smythe Park into a gravel quarry.
Residential and associated infrastructure development of the area began following the Second World War
to providehousing for veteranand theifamilies (Reeves, 2018)n 1954, less than a decade after the

war, Hurricane Hazel hit Toronto, pounding the city with 210 millimetfsain causing extensive

property damagandthd oss of 81 | i ves. Hurricane Hazel alter
the creation of conservation authoriteesl watershedlpnning and regulationl§RCA, n.d-b). Had

watershed regulations been in place in the 1940s, the development of RoSkulfflee within the Black

Creek floodplain wouldhave been preventebhstead, measures, such as the straightening and channeling

of Black Creek, were taken to prevent future flooding in the area by installing infrastructure designed to
conveystormwater out of the urbanized area as quickly as pog3IRIEA, 2008, p.ii). In hindsight, the
channelization of Black Creek, asdveral other hard engineered stormwater infrastructure projacts, h
increased floodisk in Rockcliffe Smythe.Today, the neighbourhooddensidered completely urbanized

and is known foriverine flooding and sewer failur@RCA, 2014).

Severaflood risks studies have been conducted to determinextentof theissue,includingthe Black
Creek (Rockcliffe Area) Riverine Flood Management Class Environmental Asse@dr@Af 2014)

and theBasement Flooding Study Area 4 and Combined S@werflow Control Environmental
AssessmerfXCG Consulting ltd., 2014).Rockcliffe-Smythe has the highest flooidk out of the

T R C A4 glentified FlooeMulnerable ClusteréPlato, 2019)Riverine flooding of Black Creek within
Rockcliffe-Smythe has, andill continue, to cause significadamage to the buiktnvironment andisk
thehealth and wellbeing of the local residentdesssubstantial efforts to improve the local stormwater
management infrastructuretaken(Plato, 2019TRCA, 2014).
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2.32: City of Toronto

The City of Toronto, | ocated in Southern Ontario
municipality with a population of approximately 2.96 milli¢horonto, 201B). Tor ont wmseand! and
hydrology have undergone significamitange from prelevelopment conditions agesult of urban

development and industrializatioThe level of urbanized land within tloity contributes teseveral

stormwater management problermludinghigh runoffquantities high peak flowcombined sewer

overflows,poor water quality, and riverine and basement flooding.

In the last decade Toronto has experienced sewaglr flood eventgiesultingin billions of dollars in

flood and erosion damag&reen Communities Canada, 20p93). The quantityof runoff generatety

current rainfall volumes is overwhelmingtbeapaci ty of Tor ont o 6Psojedien® r mwat e
estimate that the population of the Greater Toronto Area is going to increase by 49.6 percent between

2018 and 204@0ntario, 2019)addng further stress to the localatershednd stormwater management

system To prevent widespread flooding and sewer failure, drastic action will need to be taken by the
Citybébs planning and policy departmententanhdo i ncr eas

drainage systems.

2.3.3: Black Creek Subwatershed

Black Creek is the smallest of five subwatersheds that make up the Humben&meshed and has a
drainage area of approximately 65 squdiemetres. Black Creek flows from the City of Vaughaear

the intersection of Weston Road and Rutherford Road, to the Roci&tiffehe neighbarhood in the

City of Torontg where the creek joins the Humber River in the Lambton Golf course near Scarlet Road
and Dundas Street Wedte Black Creek subwaterghis almost entirely developeohd the limited
vegetated area that remains is characterized byptweable clay sofTRCA, 200&, p.29). South of

the 401 Highway, a significant portion of the creek has been straightened and channelizftbm tan
prevent flooding TRCA, 200, p.28). Today, the Black Creek subwatershed is known for its numerous
stormwater managemeissues including, but not limited to, riverine flooding, flashy storm flows, sewer

failure, and poor water quality.

2.34: Humber River Watershed

The headwaters of the Humber Rib&ginon the Niagara Escarpment and the Oak Ridges Moraine, a
glacially formed hilly landscape north of Toronto, and then flows 126 kilometres south into Lake Ontario.
The Humber River watershed941 square kilometres which includes 1,800 kilometres of waterways,
approximately 600 bodies of water, and is home to more than 850,000 residents across ten municipalities

(TRCA, n.d-c). The river system includes three main branches; the East Humberiweiser, and
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Main Humber, which joins to form a single stream, the Lower Humber, just north of Toaodtbas
many tributariegsee Figure 2)

The Humber River watershed consists of both rural and urban ecosystems with a variety of land uses. The
northern portion of the watershed is predominantly protected conservation and agricultural lands under
theNiagara Escarpmerilanning and DevelopmeAct (Ontario, 1990)Oak Ridges Moraine

Conservation At(Ontario, 2001)and theGreenbelt Ac{Ontario, 2005) Agricultural landuse activities

are associated with deforestation in order to make space for crops and grazing land. The effects of
agriculturd activities on the watershed system include the rise in waterbody temperature due to the loss of
tree cover, reduction in water quality due to fertilizer and pesticide use, and in some historical cases, the
filling of wetlands and tributaries. The southgrortion of the watershed, on the other hand, is

characterized by urban land usspecially in the Cities of Brampton, Vaughan, and Toronto.

Urbanization of the watershed is associated with significant changes to how water flows through a
landscape asrasult of the increase in impervious land aofeorman, 204). The results of urbanization

of the Humber River watershed include an increase in seasonal fluctuation and higher peak flow volumes,
increased shoreline erosion potential, decreased gaddity from industry, sewage treatment, and

untreated runoff, and an increase in flood risk.
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5Study Area EGhasltlienmgg e s
Condi anododnAssessment

5.1: Overview

This section of the report summarizes the current environmental conditions witkindierea in order
to establish reference conditiotisbeusedwhencreatng and evaluanhg the proposed concept plan and
designs. Sectioh.2 describes the existing conditions of the natural and built environments within the
study arean the context bstormwater management. Sect®8 describes my assessment of the existing
conditionsoutlined in Sectiorb.2 This section outlinethe stormwater management challenges within
the studyarea which the concept plan mitigatesing green stormwater infrastructure.

Overall, my assessment of the existing conditions is that the study area does not have adequate natural or
engineeredhfrastructuren place to manage stormwater runafidmitigate the effects of flooding.

Becausehe study area was developed before floodplain management planning policies and regulations
were in place, the neighbourhood was built intine regulatoryfloodplain.Legacystormwater

management practicésive exacerbated riverifieoding andsewerfailure within the study area.

Without intervention, the study area wdthntinue taexperience flooding in the future as heavy rainfall

and melt events become more frequent and severe as a result of climate change.

5.2: Existing Conditions
5.2.1:Natural Environment

5.2.1.1: Hydrology/ Topography

The topography in the study area consists of terrain ranging from approximatehefr@&o 129metres
above sea levelMost ofthe area slopes gently south towards Black Creek, while the northweshpadrti
the study area slopes gently west towards the Humber i@ Consulting td., 2014 p.31;
Topographiemap.comn.d). The lowest elevations are observed along the banks of Black Creek and the
Humber River, while the highest elevations are obskwest of Jane Street between Bexley Crescent
and East Drive. The large lelying areas adjacent to Black Creek and the Humber Riedocated

within the extent of theegulatory floodplainan area that will flood during a 1:§@ar storm event

(TRCA, n.d-a). The majority of this area is comeel by impervious surfaces, in the form of pavement,
buildings, and other hardscapirigat generate largeolumes of stormwater runoff as a direct result of the
low infiltration rate(Larco, 2015; Matthews et aP015; Tingsanchali, 2012).
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Figure 4: Floodplain Context MagTRCA, n.da)

5.2.1.2: Vegetation and Habitat

The study area is considered completely urbanized with limited natural vegetatioiiddifiel habitat
(TRCA, 2014a)There are no Environmentally Significant Areas or Significant Wildfiéditat
(Toronto, n.d.)despitethat fact that a significant portion of teudy areas within theNatural Heritage
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SystemFurther, no green infrastructure projelotsre beerwompkted by the City of Toronto or the
TRCA within the study area to my knowledge

Figure 5: Natural Heritage System Context M@moronto, 2019)

4.2.1.3: Green Space System
The study arehas a diversgreen space systencomprised of sites designated\stural AreasParks
andOther Open Space Areasn T o r 0 n t Rlad §oroatd, 2019.B.5).I

Thirty-four percenbf the study are&60,500 square metres (56.05 hectaigesyithin thegreen space
system Thegreen space systeronsiss of ninesites: CynthigFrimette Parkette, Brendwin Parkette,
Noble Park, Rose Valley Park, Smythe Park, Black Creek Park East, Black Creek Park West, Scarlett
Woods Golf Course and the grounds of Rockcliffe Middle Schdw. gaeral form of the green spaces
are lawns with trees and dilapidated recreation amerfigsa detded description of the existing
conditions of each site, s&ection6.3.3
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Figure 6: Public Green Spasewithin the Studprea

5.2.2: Built Environment

5.2.2.1: Land Use

The study area is considered completelyanized TRCA, 2014) and is composed of a mixture of land
use designations, includimdeighbourhoodsApartment Neighbourhoodblixed Use AregdNatural
Areas Parks andOther Open Space Are@Boronto, 2019).
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Figure 7: Land Use Context Mafroronto, 2019)

5.2.2.2 Road Network

The public road network within the study area inclugl@soadwaysOf the 30 roads?4 are local streets,

5 are collector streetandl is a minor arterial stre€fablel summarizes he City of Tor ont of¢
classification criterigToronto, 2018 & 2018¢, while Figure8 andTable2 display thestreet

classificationdor roadswithin the study area.

The street arrangement includes a combinatiagridfpatterned riglstof-way, typical ofpre-1950

planning, andooped crescentsypical of post1950 road design in Toron{@oronto, 2018, p. 34-37,
Schollen & Company Inc. etl, 2017 p.50). The sidewalk arrangementiigegular, streetshave either no
sidewalksor a narrowsidewalk on one or both sidé&here there are sidewalks, they are typically

directly adjacent to the curb; there is a notable lackasfting furnishing zones between the sidewalk

and vehicle lane curli-urther, privateriveways are commaowithin the residential streetas ison-street
parking on one or both sides of the str8etsed on my observations, the typical built design of the streets

within the study area are designed mainly to facilitate car movement.

21



Street Primary Traffic Legal Surface Transit | Heavy Truck
Classification  Function Volume Speed Route Restrictions
(vehicles/ Limit (passengers/
WEW) (km/hr) day)
Local Access to <2,500 40-50 - Restrictions
Property km/hr preferred
Collector Access to 2,500- 8,000 | 40- 50 <1,500 Restrictions
Property & km/hr permitted
Traffic
Movement
Minor Arterial | Traffic 8,000- 40- 60 1,500- 5,000 =
Movement 20,000 km/hr
Major Arterial | Traffic >20,000 50- 60 >5,000 -
Movement km/hr
Expressway | Traffic >40,000 80- 100 - -
Movement km/hr
Tablel: CityofTor ont o6s Road C(Taomts,i2l8ar ati on Criteri a
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Figure 8: Road Classification System Context M@pronto, 2018).
Street Name Local Collector Minor Arterial

Alliance Avenue X
Avalon Avenue X
Bexley Crescent X
Black Creek Boulevard X
Brendwin Road X
Bruton Road X
Cameo Crescent X
Clairton Crescent X
Cynthia Road X
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Dalrymple Drive X

Delemere Avenue X

Duern Street X
East Drive X

x

Edinborough Crescent

X

Ellins Avenue

Foxwell Street X

Frimette Crescent

Glamis Avenue

HandelStreet

Haney Avenue

Kinghorn Avenue
Old Scarlett Road

Pendeen Avenue

Rose Valley Crescent
Sandcliff Road
Scarlett Road X

X| X| X| X| X| X| X| X| X

X

Stoneleigh Road

x

Stoney Brooke Drive

Woodgate Drive X

Woolner Avenue X

Table2: Classification of Streets the Study AreéToronto, 2018c)

5.2.2.3 Stormwater Management Facilities

The study area is serviced by both a separated sanitary and storm sewer system, and a combined system.
Storm sewers in the study area discharge into Black Creek or the Humber River through outfalls. There

are three combined sewer overflows, all situated@Rockcliffe Boulevard, thare designetb
dischargauntreateccombined wastewater and stormwater into local storm selueirsy typical

conditionsor directly intothe watercourseshen the infrastructure is over capa¢i¥CG Consulting

Ltd., 2014, p6). Within the study area, there are separated sanitaryseseparated storm sewer,

combined sewers, 141 sanitary sewer system manholes, 197 storm sewer system manholes, 113 combined
sewer system manholéf storm sewer outfall§, combined sewer ctiol structures and outfalls, and O

larger storagéacilities (XCG Consulting Ltd., 2014, 6).
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No green stormwater management infrastruchasseen installedn public land within the study area.

This observation is basezh myresearclandwasconfirmedvia email correspondenedth the TRCAon
March 12, 2020
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Figure 9: Sewer System Context M@CG Consulting Ltd., 2014, p. 6)
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5.3: Assessment of the Existing Conditions
5.3.1: Natural Environment

5.3.1.1:Hydrology/ Typography

Riverine floodingd when water flowing in a watercourse spills over their banks and floods adjacent

lands$ is a high risk within the study area due to the neighbouidsdodation with the regulatory

floodplain (TRCA, 2014). In thecase of Black Creek, riverine flooding is caused by heavy storms that

flow over the channeled banks into the adjacent urbanized floodplain. Riverine flooding is exacerbated by
development that limits the capacity for water to flow through a watercoucdeasibridges, culverts, or
railroad crossings, which cause blockages and bottlen€BGA, 2014). The culvert beneath Jane

Street, for example, is too small to managevitlameof water that flows through Black Creek which

results in significant riverie flooding east of the culvegee Figure Q).

g
7

)

- Watercourse ‘ Jane Street Culvert

Riverine
- Black Creek Channel -+ Backup due to Jane Street Culvert

Flooding

. Regulatory Floodplain

Figure 10: Riverine Floodingof Black Creek due to Grey Stormwater Infrastructure
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Figure 11: The Jane Street Culvert (Photo Credit: Alana Wittqrarly 2020

5.3.1.2: Vegetation and Habitat

The study area has poor quality vegetation and habitat for plant populations, terrestrial species, and
aqguatic species. The builp sites and lack of vegetative cover within the study area adversely affect the
infiltration rate, resulting in large quantities of stormwater runoff. Further, the patchy spatial distribution
of vegetation affects the movement and distribution of species and limits the opportunity for ecological
succession due to land use, the manageofgiublic space, and the lack of permeable soils (Forman,
2016).

There are significantpportunities to improve the quality and quantity of vegetation and habitat within
the study aredRevitalization ofpublic space within the study area can increaggetation cover,
resulting in higher rates of stormwater capture and infiltration, improve wildlife habitat and mobility, and

provide numerous other ecosystem services by reconnecting urbawitinezstural systems.

5.3.1.3: Green Space System

The ninegreen spaces within the study area are an important piece of urban infrastructure, however my
observationseadme to concldethat the current design of the sites limits their potential to provide

services beyond recreation. Hough (199931 4 ) , refl ect s t hdheexdluseecr eat i on
| and use for theflsjpi anpdstphubl ide s oppdépldnsny histoeysanda | e g a
values.Thedesign of parks for recreation often resullarge lawn areas that providiel etmcture plant

¢ o v andndinimal overland drainage during rainfall or snow melt events compared to predevelopment
conditions(Forman,2016 p. 1659. None of the green spaces in the study area have been designed to

reflect natural or sermatural area, such as healthy woodlands or marine environments. This concerns
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me, considering six of the nine green spaces are located within tha&toegtloodplain will take on
riverine floodwater spillover over the banks of the Humber River and/ or Black Creek during heavy

rainfall and snow melt event

The public green spaces within the study area represent untapped potential to manageestormwat
naturally Revitalizing the green spaces based on a green stormwater management approach to design,

could strengthen the study areas resilience to riverine flooHiigg$ 2003 Shannon, 2013).

5.3.2: Built Environment

5.3.2.1: Land Use

Decisions on how land is used and covered is a significant determinant of how water flows on a site
(Forman, 2016). The urbanization of the land within the regulatory floodplain was a poos&nd
decision that altered water dynamics within the study aneancreased the risk of surface flooding for
local and downstreawommunities. In lieu of the acquisition of alivately-ownedland within the
regulatory floodplaininto public ownership, tecommendhe land use of publicly owned land within the
reguatory floodplain bee-evaluatedo determinédhow green stormwater management objectives can be

achieved.

Public parks, streets, and plazas can be redesigned as flood protection infrastructure that will build the
resilience to flooding through the revitadtion of public spaces. Designing public spaces as sponges to
soak up stormwater helps cities mitigate and adapt to heavy rainfall and melt events, while also creating
new greenspaces to be enjoyed by all. This approach is referred to as green ifrastni@cosystem

based approach to stormwater management, is a key method of building urban resilience to flooding
(Pickett and Cadenasso, 20Lvet al, 2019.

5.3.2.2 Road Network
The street networls a significant contributor to flooding aséwer failure as a direct result of the

quantity of stormwater runoff they generate.

Based on my observations, the road network within the study area was designed to facilitate the
movement of cardt appears thdew considerations were given to the mment of water over the

surface of theoadways. The notable lack of permeable surfaces within the road netesuks in high
surface runoff rates. The generated stormwater runoff from the streets and sidewalks enter the sewer

system or is captured in loling areas, such as underpasses and potholes.
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Streets provide a significant opportunity to improve overland drainage when designed, or redesigned,
using a green stormwater managensguroachUrban roadways, especially lewolume and lowspeed
residental streets, can be redesigned as multifunctional spaces that deliver mobility and stormwater
management requirements. Considering 23 of the 30 streets within the study area are classified as local
(Toronto, 2018), there is significant potential to improegerland drainage and relieve strain on the
overburdened sewer system by incorporating green stormwater infrastructure into the road network.
Bioretention facilities, for example, are vegetated depressions that can be incorporated into roadways to
capture filter and infiltraterunoff where it is generatg@rowsdale & Simcock, 201 Chin, 2016; Davis

et al, 2009). Bioretention reduces, slows, infiltrates and filters the runoff before it enters local water
bodies, reducing the risk of flooding and sewdufa (Trowsdale & Simcock, 201 XLhin, 2016; Davis

et al, 2009).

5.3.2.3 Stormwater Management Facilities

The stormwater management system in the study area was designed based exclusively using the grey
stormwater approach that aimsctinvey runoff away from the builtp area as quickly as possible using
hard infrastructure. As discussed in Secfothisapproach is problematic becaibke grey infrastructure
results in significant fluctuations the peak flow and water level (Forma2016). In the case of Black
Creek, it is common for water to flow over the banks into the floodplain which causes riverine flooding,
sewer failure, and combined sewer overfld€G Consulting td., 2014)

The local dependence on the conveyance sytemanage stormwater runoff causes flooding. The lack

of source control infrastructure, that manages stormwater runoff in close proximity to where it is

generated through infiltration, is a significant challenge that can be overcome by implementing a hybri
green and grey stormwater management system that balances natural hydrology with human land use and
development. Moving away from the structural approach to flood control to a more natural green
infrastructure approach can reduce the likelihood of mieefliooding and combined sewer overflows by

reducing the strain on municipal stormwater infrastructiRGA, 2014; Kondo et al, 2015).
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6. The Proposed Concept

6.1: Overview:

In this section, | outlineny proposed concept plgBection 6.2and designgSection 6.3}hatreduce

flood riskin the study areal’his work isbased ommy assessment of the existing conditions (Sectign 5
andcurrent best practicder green stormwater managementlined in scholarly and practical studies
Further,the concept planand design® s pond t o t h ©ffical Play(206¥ andGeenont 06 s
Streets Technical Guatines(Schollen & Company Inc. et al, 202which encouragé¢he use of green

infrastructure tomprovethe management stormwatetandurbanresilience to climate change.

6.2: Concept Plan

6.2.1: Overview:

Theconcept plan includes two types of retrofits: green stormwater streets (Section 6.2.2)lEngreeib
spaces (Section 6.2.3). The congalph puts forward innovative solutions to local flooding issues that
transforns underutilized public lands into multifunctiongdeen stormwater management assets. The
proposed 1.65 square kilometre study area providffisisnt scale to implement green stormwater
management strategies to achieve ambitious stormwater management and climate change adaptation

outcomes that will make Rockcliff®mythe a safer and healthier community.

Three principles of planning and design thabhsideredvhen developing the concept plan were
multifunctionality, connectivity, and resiliency. Theoposedoncept plan is an attempt to mitigate the
impacts of flooding within urban public spaces thatehdiverse and conflicting uses. Multifunctionality,
in the context of this project, refers to interventions that improve stormwater management while
simultaneously fulfilling local environmental, community, and economic n@gtaisse & Bunstessa,
2013) Connectivity of the proposed green stormwater infrastructure features need to facilitate system
coordination with the existing grey infrastructuretworkwhile also reconnecting the city to natural
systemgqTRCA, 2014). Finally, greeninfrastructure thiastrengthens the resilienoéthe stormwater
management systewill enable the system t@cover and adapt to external stresses or stfidiltherg et

al, 2009; Pickett et al, 201Bohland et al, 2019 The application of these principles allowed me to create
a concept plan that reduces local vulnerability to riverine flooding and sewer failure by improving

overlanddrainage.
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6.2.2: Street Retrofits

6.2.2.1: Goals, Objectives, and Outcomes

Goal Restorehe ecological and hydrological functions of streets through the incorporatior

green stormwater infrastructure irgillewalks and vehicle lanes.

Objective | Retrofitthestreetswithin the study area into Green Stormwater Streets.

Outcomes 1 Reduced impervious area by reconstructing streets and the natural drainage
system;

1 Increased source control which reduced runoff quantity and increased infiltr
rates;

1 Increased friction Wich reduced peak flow and water velocity;

1 Reduced strain on the existing grey infrastructure system and limit fluctuatio
local watercourse levels by reducing the amount of runoff that enters the pip
infrastructuresystem; and

1 Expanded urban tree agpy and soil volumes which improve the water quality|
and recharge rate.

Table3: Street Retrofit Goals, Objectives and Outcomes

6.2.2.2: Green Stormwater Streets

A Green Stormwater Street, within the context of this paper, are roads that incorporate green stormwater
infrastructure to restore the ecological and hydrological functions of stféet&reen Stormwater

Streets are designeddomplementheexistinggreyinfrastructure bydivertingrunoff from the sewer

systeminto green stormwater infrastructure assegre it can beaptured, filtered anuhfiltrated. Green
Stormwater Streets are an important component of a sustainable stormwater network that balances natural

hydrology with human land use and development.
FourGreen Stormwater Street types are utilized in this concept plan

Residential Green StormwatStrees;
Residential Shared Green Stormwater S¢reet

Residential Connector Green Stormwater Ssreatd

=A =4 =4 =4

Mixed-Use Connector Green Stormwater Steet

Components oftreets discussed in this report which aabommodatgreen stormwater infrastructure

elementsnclude
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1 Pedestrian Clearwaythe portion of thesidewalkthat is clear of obstructions for pedestrian
movemeiy

1 Furnishing/ Planting Zonethe portion of the sidewalk between the pedestrian clearway and the
curb, designed to accommodate street furniture andreen stormwater infrastructure elements

1 Curbsice: the edge of the roadwawhich can be extendéd accommodate greetormwater
infrastructure elements

1 Vehicular Lanethe portion of the roadway for vehialeovement

1 Medians/ Raised Islanda raised area located between vehicle lanes, whith@@mmodate
green stormwater infrastructure elements

1 OnStreet Parkingthe formal or informal portion of the roadway wheehicles argermitted to
park

1 Cycling Lane:a portion of the curbside spaidentifiedfor cycling, which can be separated
integratedanes

1 Crosswalksadesignated area for pedestrian movenaenbss other street components, such as
vehicle lanesand

1 Intersectionswhere vehicle lanes intersect with each other.

6.2.23: Proposed Green Stormwater Street Retrofits
All streets within the study area will be retrdfito one of the four Green Stormwater Street types,

outlined inTable4.

Proposed Green Stormwater Street Classifications

S N Residential Residential Residential Mixed-Use
Street Shared Street Connector Street | Connector Street

Alliance Avenue X

Avalon Avenue X

Bexley Crescent X

Black Creek

Boulevard X

Brendwin Road X

Bruton Road X

Cameo Crescent X

Clairton Crescent X X
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Cynthia Road

Delemere

Avenue

East Drive

Ellins Avenue

Frimette Crescen

HandelStreet

Kinghorn Avenue

Pendeen Avenue

Rose Valley
Crescent

Scarlett Road

Stoney Brooke

Drive

Woolner Avenue

Table4: Green Stormwater Stre€lassificatiors Proposed in the Concept Plan.
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6.2.3 PublicGreen Space Revitalization

6.2.3.1 Goals,Objectives, and Outcomes

Goal Restore ecological and hydrological functiorpublic green spasdghrough the

incorporation of green stormwater infrastructure.

Objective | Revitalize thepublic green spaces within the study area mtdtifunctionalspaceghat

provides opportunities fostormwatemanagemenmature, and outdoor recreation.

Outcomes i

f
f

Manage stormwater runoff byimicking natural systems to mitigate flood risk
andbuild community resilienge

Mitigation of local and downstream flooding

Stabilization of soil and watercourse bamkth vegetated green infrastructure
solutions

Strengthen environmental resilience to future flooding and climate change
Improved flood mitigation, infiltration and drainage rates, and water quality.

Table5: Public Green Space Revitalization Goals, Objectives and Outcomes

6.2.3.2 Proposed Green Space System Revitalization Projects

Thepublic green spacesithin the study area will beevitalizedinto multifunctionalpublic spaceghat

function as park space astbrmwater management. The scope of each revitalization project was

determined baseah balancingthe possiblespatial arrangement of the green stormwiaifeastructure

elementsand my perception of communitgcreation need3.able6 provides asummaryof my vision for

each public greespaceundergoingevitalization

Scope of theGreen Space SysterRevitalization Projects

CynthiaFrimette
Parkette

The500 square metre sivéll undergaa significantransfomationfrom an
underutilized public spadato a sustainable urban stormwater management
parkette that uses bioretention to reduce stormwater runoff volumes and
contamination loadgom entering the sewer and receiving water systéms.

smallshaded seating area providgsce for passive recreatio

Brendwin Circle
Parkette

The 280 square metre siwgll experience minodesign interventiogivenspatial
limitations. A rain garderwill use bioretentioto capture treat, and infiltrate

stormwaterunoff from theadjacentul-du-sac
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Noble Park

The 14,000 square metre park wifidergo significantevitalization into a public
space that blends active recreation amenities with stormwater management
detention andreatmenfeaturesThe design includes improved active recreatic
amenities, a newplaygroundand several green infrastructure elements includi
bioretention facilitiesa detention basifiood protection berms, araipermeable

pavemenbasketbalkourt and walkways.

Smythe Park

The 284,000 square metieea willundergo significant revitalization teansform

Black Creek Site | the Black Creelchannel and surrounding parkland itite Black Creek

West Naturalization and Flood Protection Corriddhe design incorporates flood

Black Creek Site | mitigation approachemspred by theDutchRoom for the Riveprogramme

East (Rijkswaterstaat, 20100 converttheconstrained channel into a natural and
meandering watepurse.

Scarlett Woods | The 260,000 square mesite will undergo significant transformation from a gc

Golf Course course intdhe Scarlett Wood#/etland Parka naturalized arefar stormwater

managementgecreationand environmental educatiofhedesign includes a ney
river channelwetland habitat, a forested area, flood protection berms, aad a
island parkThe design incorporates flood mitigation approaches imsed

T o r o ondvidtgh Naturalization and Port Lands Flood Protection Project
(Waterfront Toronto, 20J)6and the DutciRoom for the Rivgprogramme
(Rijkswaterstaat, 2010)

Table6: Proposed Green Space System Revitalization Projects.
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6.3: Concept Designs

6.3.1: Overview

Section6.3 is composed of several concept designs that execyseofi@sed concept planutlined in

Section 6.2The designs display one of several possible arrangements of green stormwater infrastructure

elements withirthe retrofitgreen stormwatestreets (Setion 6.3.2) and the revitalizegeen space

system(Section 6.3.3). Theonceptdesigngdisplayhow green stormwater infrastructure carspatially

arranged anthcorporated ito urban public space

6.3.2: Green StormwateBtreet Retrofits

6.3.2.1: Residential Shared Green Stormwater Street
OVERVIEW

Six roadways classified dscal streetsn the baseline assessment (Section 5) will be retrofit into

Residential Share@reen StormwateBtreets, which includes approximately 0.&Hbmetres of roads.
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Figure 12: Proposed Residential Shared Green Stormwater Streets

TYPICAL EXISTING CONTEXT
1 Short, lowtraffic volume streets
1 Parking often permitted on one or both sides of the street

T Can be tweway or oneway streets
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f
f
f

Mature treesre commorwithin older neighbourhoogs
Private driveways are often frequeahd are
DesignatedNeighbourhoodvithin the Official Plan (Toronto, 2019)

RETROFIT OPPORTUNITIES AND CONSTRAINTS

Opportunities:

|l

Improve local resilience to flooding by integrating green stormwater infrastructudeuwnspeed
and lowtraffic streets. Secondary benefits include enhancing the urban tree canopy, traffic
calming, and adding natural aesthetic value.

Revitalize resideml streets, often underutilized public spaces, to support the social and
environmental needs of the local community rather than exclusivelyngéed needs of private
vehicles.

Promote pedestrian and cyclist priority on raffic and lowspeed streetsy creating a uniform
grade between the sidewalk and the roadway.

Incorporate furnishing/ planting zoniggo streets by removing estreet parking and narrowing
vehicle lanes.

Runoff from higher traffic streets could be conveyed into the green stoemiwaiastructure
facilities on residential streets to further mitigate flood risk and relieve strain on the grey
stormwater sewer system.

Fulfill, in total or partial, the design objectives outlined in @reen Streets Technical Guidelines
(Schollen & @Wmpany Inc. et al, 2017, p1).

Constraints:

1

Reducing traffic on some residential streets by transforming them into Residential Shared

Stormwater Streets may increase the vehicle traffic volumes on other streets.

Green Stormwater Infrastructure Element Application Zones
Bioretention Planter Furnishing / Planting Zones
Bioretention Swale Furnishing / Planting Zones
Permeable PavingPervious Concrete Vehicular Lanes

Sidewalk
Permeable PavingPorous Asphalt VehicularLanes
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Stormwater Tree Pits Furnishing / Planting Zones

Table7: PotentialGreen Stormwater Infrastructure Elements for Residential Shared Green Stormwater Streets

DESIGN EXAMPLE - RESIDENTIAL SHARED GREEN STORMWATER STREET

Street Name:Avalon Avenue
Length: 61 metres

Figure 13: Context Map of Avalon Avenue

Avalon Avenue is a lovgpeed and lowraffic residential street that is bound by Roselands Junior Public
School to the north and Bexley Crescent to the south.
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Existing
Conditions of
Avalon Avenue

Legend

Vehicular Lane
I On-Street Parking
~ Sidewalk
--- Traffic Lane Separator
== Direction of Traffic

Figure 15: Avalon Avenue Looking South from the Parking Lot of Roselands Junior Public School (Photo Credit: Alana
Wittman, July 2020)
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.\ |Concept Design
| of Avalon
Avenue

Legend

Vehicular Lane
On-Street Parking
Sidewalk

Traffic Lane Separator
Trench

Permeable Pavement

Bioretention Planter
Gateway

Direction of Traffic

Figure 17: Concept Design of Avalon Avenaga Residential Shared Green Stormwater Street
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The retrofit ofAvalon Avenue into a Residential Sha@teen Stormwater Street includes

1 Removal of the existing road and sidewalk and replace them with permeable pavement. The
sidewalk is flush with the curb to promote the pedestrian priority on the street leading up to the
school.

1 Narrow the vehicular lanieom two distinct lanes into one wide lane that enables traffic calming
to improve pedestrian safety near Roselands Junior Padticol angrovide room for green
stormwater management infrastructure within the roadway.

1 New curb extensions apenstructed at the intersection of Avalon Avenue and Bexley Crescent in
order to reduce the road width entering Avalon Avenue, pimyisbace for bioretention and
street tree facilities, reduce the distance of the pedestrian crosswalks, and reduce traffic speed in
order to reinforce pedestrian priority.

1 New stormwater trench drain constructed along the east and west perimeter bfdleclare to
collect and convey runoff into the bioretention facilities.

1 New bioretention planters between the sidewalk and vehicle lane to collect, treat, and infiltrate
stormwater runoff generated from the adjacent impervious services.

1 New gateway, aaised and textured portion of the roadway, at the intersection of Avalon Avenue
and Bexley Crescent to slow traffic at the entrance to the Residential &raexdStormwater
Street.

PERFORMANCE

1 Impervious surfaces are reduced by 100% as a resuk @icbrporation of bioretention facilities
and permeable pavement sidewalks and vehicle lane.

1 Approximatelyl50 gjuaremetesof dedicated bioretention systems witttie mid-block and
intersectiorcurb extensions will manage runoff generated from thecadjampermeable
surffacessuch as the Rosel ands Junprivateresidaential i ¢ School

driveways.
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6.3.22: Residential Green Stormwater Street
OVERVIEW

20 roadways classified #zcal streetsn the baseline assessment (SecEpwill be retrofitinto

ResidentialGreen Stormwate8treets, which includes approximately 1.586metres ofroads.
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Figure 18: Proposed Residential Green Stormwater Streets

TYPICAL EXISTING CONTEXT

{1 Streets are withithearea designatedeighbourhoodvithin T o r o OfficabPsan (Toronto,

2019)

Short, lowtraffic volume streets

Sidewalks can either be on both, one, @therside of the street
Parking is often permitd on one or both sides of the street
Street can have either twaay or oneway traffic;

Mature trees often exist within older neighbourhgeasl

=A =4 =4 -4 -4 -4

Private driveways are often frequent

RETROFIT OPPORTUNITIES AND CONSTRAINTS
Opportunities:

Dalrymple Drive
Woodgate Drive
Handel Street
Cameo Crescent
Glamis Avenue
Bruton Road
Edinborough Ct

Black Creek Boulevard

Clairton Crescent
Delemere Avenue
Pendeen Avenue
Bexley Crescent
Duern Street
Kinghorn Avenue
Haney Avenue
Ellins Avenue
Old Scarlett Road
Sandcliffe Road
Cynthia Road

Frimette Crescent
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1 Improvelocal resilience to flooding by integrating green stormwater infrastructure into streets.
Secondary benefits include street calming, enhancing the urban tree canopy, and adding natural
aesthetic value.

1 Reuvitalize residential streets, often underutilizetlliguispaces, to support the social and
environmental needs of the local community rather than exclusively meet the needs of private
vehicles.

1 Runoff from higher traffic streets could be conveyed into the green stormwater infrastructure
facilities on redilential streets to further mitigate flood risk and relieve strain on the grey
stormwater sewer system.

1 Where space is limited, twway traffic residential streets could be converted intowag traffic
streets to provide more space for green stormwatiexstructure, wider sidewalkiirnishing/
planting zones, and bicycle lanes.

T Fulfill, in total or partial, the design objectives outlined in @reen Streets Technical Guidelines
(Schollen & Company Inc. et al., 2017, p. 50).

Constraints:

1 Frequency of driveways can limit the ability to incorporate bioretention facilities into the

furnishing/ planting zone.

Green Stormwater Infrastructure Element Application Zones
Bioretention Curb Extension / Burrqut Intersections
Mid-block
TransitStops
Bioretention Planter Furnishing / Planting Zones
BioretentionRain Gardens Furnishing / Planting Zones

Medians / Raised Islands

Bioretention Swale or Enhanced Grass Swale Furnishing / Planting Zones

Medians / Raised Islands

Permeable PavingPervious Concrete On-street Parking
Sidewalk
Permeable PavingPorous Asphalt Vehicular Lanes
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Permeable Pavinginterlocking Precast Concrete Pavers Crosswalks

Table8: Green Stormwater Infrastructure Elements for Green Stormwater Residential Streets

DESIGN EXAMPLE: RESIDENTIAL GREEN STORMWATER STREET

Street: Kinghorn Avenue
Length: 290metres

Figure 19: Context Mamf Kinghorn Avenue

Kinghorn Avenue is a lovgpeed and lowraffic residential street that is bound by Haney Avenue to the
north and Foxwell Street to the south.
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_|Conditions of
|Kinghorn Avenue
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Figure 20: Existing Conditons of Kinghorn Avenue

The existing design of Kinghorn Avenue includes impermeable sidewalks on both sides of the street, a
vehicular lane with tweway traffic, and orstreet parking is permitted on the both sides of the vehicle
lane. The current streebes not have a furnishing/ planting zone, resulting in ajoality urban forest
canopy.
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1, |Concept Plan of
 |Kinghorn Avenue

' |Legend
Vehicular Lane
On-Street Parking

Sidewalk

Traffic Lane Separator
Direction of Traffic

Permeable Pavement

Bioretention Planter

Bioretention Swale

& StreetTree & Soil Cell

Figure 21: Concept Design of Kigorn Avenuas a Residential Green Stormwater Street

Concept design to transform Kinghorn Avenue into a Residential Green Stormwater Street incorporates

green stormwater infrastructure elements that fit the built form context of the existing street. The design is
based on the City terhativBssheettpilotpmje(bestiier 200ANACTOd201e, A |
p.56)but was adapted to incorporate design objectivVve
Green Streets Technical Guidelin&chollen & Company Inc. et al., 201.50).

Theretrofit of Kinghorn Avenue into a Residential Green Stormwater Street includes:

1 Removal of the existing road and sidewalk and replace them with permeable pavement with a
flush curb.

1 Reduce the width of the roadway to a daee, oneway vehicle lane in aler to provide space for
green stormwater infrastructure along both sides of the street.
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1 Increase the width of the sidewalk on the east side of the street to accommodate higher pedestrian
volumes.

1 New furnishing/ planting zones are constructed betweerehicle lane and the sidewalk on the
east side of the street, and residential lots to the Weistprovides a safety buffer for pedestrians
and space for green stormwater infrastructure.

1 Vegetated bioretention swales, rain gardens, and street tre@bdnlls are constructed within
the new furnishing/ planting zones that collects, treats, and infiltrates runoff from the adjacent
permeable surfaces and water that infiltrates through the permeable sidewalk and vehicle lane
pavement.

1 New curb extensionare constructed at all intersections to provide space for bioretention
facilities, reduce theoad widthand vehicle speed entering local streets, and reduce the distance
of the pedestrian crosswalks.

1 On-street anglegharking spaces have beemnstructed to meet local needs.

PERFORMANCE

1 Impervious surfaces are reduced by 100% as a result of the incorpordiioreténtion facilities
andthe permeable pavemesidewak, vehicle lane, and estreetparking.

1 Approximately650squaremetres of dedicated bioretentitatilities within thefurnishing

planting zone andurb extensions manage runoff generate&ioghorn Avenue ad the

adjacent streets and sidewalks.
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6.3.2.3 Residential Connectdéreen Stormwatebtreet
OVERVIEW

Two roadways classified @®nnector streets the baseline assessment (see Se8&jiovill be retrofitted

into Residential Connector Green Stormwater Streets, which includes approximateliilbm&®es of

roads.
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Figure 22: ProposedResidential Connector Green Stormwater Streets

TYPICAL EXISTING CONTEXT

=A =4 =4 -4 -4 -4

Streets are within areas designdieghbourhoodvithin T o r o ©OffiaabPsan (Toronto,

2019)

Sidewalks can either be on one or both sides of the ;street
Parking isoften permitted on one or both sides of the street
Streets often have twoay traffic

Streets can have either surface transit stops or no transit stops
Mature trees often exist within older neighbourhgeasl

Driveways are often frequent

RETROFIT OPPORTUNITIES AND CONSTRAINTS

Opportunities:
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1 Improve local resilience to flooding by integrating green stormwater infrastructure into streets.
Secondary benefits include enhancing the urban tree canopy and adding natural aesthetic value.

{1 Incorporate furnistmg/ planting zones to stredig removing orstreet parking or narrowing
vehicle lanesvhere possible

1 Fulfill, in total or partial, the design objectives outlined in @reen Streets Technical Guidelines
(Schollen & Company Inc. et al, 2017 ,51.).

Constraints:
1 Frequency of driveways can limit the ability to incorporate bioretention facilities into the
furnishing/ planting zone.
1 Retrofit without expropriation of portions of private land, in my opinion, makes meatitite
design objectives for Residential Connector Streets iGtken Streets Technical Guidelines

(Schollen & Company Inc. et al., 2017, 51) improbableto achieve.

Green Stormwater Infrastructure Element Application Zones

Bioretention- Cell Furnishing / Planting Zones
Medians / Raised Islands

BioretentionRain Gardens Furnishing / Planting Zones
Medians / Raised Islands

Bioretention Swale / Enhanced Grass Swale Furnishing / Planting Zones

Medians / Raised Islands

Permeable PavingPervious Concrete Cycling Infrastructure
Sidewalk
Permeable PavingPorous Asphalt Ontstreet Parking

Cycling Infrastructure

Stormwater Tree Pits Furnishing / Planting Zones

Medians / Raised Islands

Stormwater Tree Trenches Furnishing /Planting Zones

Medians / Raised Islands

Table9: Potential Green Stormwater Infrastructure ElementsResidential Connector Green Stormwater Streets

DESIGN EXAMPLE - RESIDENTIAL CONNECTOR GREEN STORMWATER STREET

Street Name:East Drive

Length: 747metres
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Figure 23: Context Map of East Drive

East Drive is aesidential connector street that enables pedestrian and vehicle mobility between Scarlett

Road and Jane Street.

Legend

| Vehicular Lane
| Il On-Street Parking

. Sidewalk
-~ Traffic Lane Separator
== Direction of Traffic

Figure 24:Existing Conditions of East Drive
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Figure 25: East Drive Looking West (Photo Gie Alana Wittman, July 2020)

Figure 26: East Drive Looking East

The current desigaf East Driveincludes impermeable sidewalks on both sides of the roadway, a
vehicular lane with twavay traffic, and a dedicated @treet parking lane. The current sidewalk design
does not include a furnishing/ planting zone, resulting in ajoality urbartreecaropy along the
roadway.
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i Concept Design
of East Drive
Legend
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Figure 27: Concept Design of East Drias a Residential Connector Green Stormwater Street

The retrofit of East Drive into a Residential Connector Green Stormwater Street includes:

1 Removal of the existingpad and sidewalk and replace them with permeable pavement.

1 Removal of the ostreet parking to provide space for green stormwater infrastructure.

1 New furnishing/ planting zones are constructed between the sidewalk and the vehicle lanes to
provide both aafety buffer for pedestrians and space for green stormwater infrastructure.

1 New stormwater tree trench and soil salle constructed within the new furnishing/ planting
zones that treat runoff from the adjacenpermeable surfaces, such as driveways, and water that
infiltrates through the permeable sidewalk and vehicle lane pavement.

1 New curb extensions are construcétll intersections to provide space for bioretention
facilities, reduce theoad widthand vehicle speed entering local streets, and reduce the distance
of pedestrian crosswalks.

PERFORMANCE

1 Impervious surfaces are reducedll®P6 as a result of the incorporation of a permeable
pavement sidewalk and the removal of thestreet parking lane which made up 33% of the
roadway.

1 747metresof underground stormwater tree trenches which captureanaey runoff to the
newly planted street trees in soil cells. The street trees enhance the urban tree canopy, infiltrate
runoff water, improve air quality, and reduce urban temperatures.

1 Approximately2,400squaremetesof dedicated bioretention systemihin the curb extensions

manage runoff generated on East Drive and the adjacent streets and sidewalks.
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6.3.2.4 Mixed-Use Connector Green Stormwater Street
OVERVIEW

Four roadways classified asnnector streets the baseline assessment (Sechpwill be retrofit into
Mixed-Use ConnectoGreen StormwateBtreets, which includes approximately 3ki®metres of roads.
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Figure 28: ProposedMixed-Use Connector Green Stormwater Stseet

TYPICAL EXISTING CONTEXT

1 Streestravel through different land uses and built form types.

1 Longer, more continuous, and higher speed roads in comparison to residential streets.

1 Enables direct mobility and connections between higher volume roads andrbdifierent
communities.

1 Common travel routes for pedestrians, cyclists, transit users, private cars, and cargo trucks.
{1 Transit stops and stations are common, and the street may include transit priority lanes.

1 Efficient vehicle travel is @riority for this street type.
RETROFIT OPPORTUNITIES AND CONSTRAINTS

Opportunities:

1 Improve local resilience to flooding by integrating green stormwater infrastructure into streets.
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{1 Incorporate bioretention facilities and stormwater tree infrastruattmehe furnishing/ planting

zone, around transit stops, and in medians to improve drainage while providing a safety buffer for
pedestrians and cyclists.

Incorporate permeable pavement into sidewalid bicycle lanes to improweairfacedrainage.

Expand he tree canopy and soil quantity with stormwater tree facilities and soil cells.

Expand space for people and nature by removing adtraet parking.

=A =4 =4 =4

Fulfill, in total or partial, the design objectives outlined in @reen Streets Technical Guidelines
(Schollen & Company Inc. et al., 2017, p.50).

Constraints:

1 Conflicting multimodal transportation types and priorities can make it challenging to meet the
transportation and safety needs of all users while also incorporating green stormwater
infrastructure mto the public space.

1 Retrofits, without expropriation of portions of private land, in my opinion, makes meaelitige
design objectives for Mixetlse Connector Streets in tli@een Streets Technical Guidelines

(Schollen & Company Inc. et al., 2017 58) improbable to achieve.

Green Stormwater Infrastructure Element Application Zones

Bioretention Planter Furnishing / Planting Zones
Medians / Raised Islands

BioretentionRain Gardens Furnishing / Planting Zones

Medians / Raised Islands

Bioretention Swales / Enhanced Grass Swale Furnishing / Planting Zones

Medians / Raised Islands

Permeable PavingPervious Concrete Cycling Infrastructure
Sidewalks

Permeable PavingPorous Asphalt Cycling Infrastructure

Stormwater Tree Pits Furnishing / Planting Zones

Medians / Raised Islands

Stormwater Tree Trenches Furnishing /Planting Zones
Medians / Raised Islands

Tablel0: PotentialGreen Stormwater Infrastructure Elements ¥tixked-Use Connector Green Stormwater Street
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6.3.3 Green Space Revitalization

6.3.3.1 Scarlett Woods

SITE CONTEXT

Area: 260,000 square metres (26 hectares)

Topography: Drains southwest towards the Humber Riwith a maximum elevation of 10vietresand
minimum elevation of 9®netres

Within the Regulatory Floodplain: Yes

Figure 29: Context Map of Scarlett Woo@olf Course

Scarlett Woods Golf Course is located soutEglinton Avenue West, west of Jane Street and Roseland
Junior Highschool, east of the Humber River, and north of the backyards of houses along Cynthia Road.

55



Figure 31: Toparaphic Context of Scarlett Woods Golf CoufEepographiemap.com, n.d.)
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Figure 32: Sewer Systa Context of Scarlett Woods Golf Couf¥€G Consulting Ltd., 2014, p. 6)

Stormwater runoff from Jane Street and Eglinton Avenue West, between Scarlett Road and Gilmour

Place, enters a Storm Sewer that is conveyed to an outfall located within the Scarlett Woods Golf Course
EXISTING SITE DESCRIPTION

Scarlett Woods Golf Course is a City of Toronto owned and opet&thdlegolf coursesituated within
theHumber River floodplainThe course opened in 1974 following its approval by Council in 1972 as a
feature of the South Humber regional park systean proronto, n.d.). The current design of the site

consists of a parking lot and clubhouseyeralgrasses that make up the fairway, rough, and greens; sand
traps; rows of trees separating the fairways; two ponds at the southern end of the site; t@adofioifess

along the northwest and eastern boundaries of the site. Rebiaeaccess to the site fisom Eglinton

Avenue West, and an additional pedestrian access point is located at the intersection of Eglinton Avenue

West and Jane Street.
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Figure33: Existing Conditions of Scarlett Woods Golf Course

REVITALIZATION OPPORTUNITY

Scarlett Woodsa substantiaparcelof public land situated within the Humber River floodpldias
unrealized potential for stormwateranagemendndflood protection Further,the golf coursés
operating under a net lodge to decliningublic interest and participation golf (Toronto, 201,
making the siteraexcellent candidate for renewato a publicareathat isaccessible to the general
publicfree of charge

DESIGN APPROACH AND VISION

1 Integrate green stormwater infrastructur e park to achieve stormwater managenagl
flood mitigation benefits.
1 Apply relevantRoom for the Riveapproaches into the desjgmhich includes:
o Diversion measures, such as creating a new overland river channel route within the

floodplain.
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o Conveyance measures, such as lowering the floodplain by excavating a portion of the
floodplain in order to increase space for the river tev fituring high water events.
o Detention measures, such as designing wetland areas for temporary water storage and to
control peak flow rates during high watrents andestoring riparian zones for
absorption and bank stabilization.
1 Design the site tinclude both permanent and temporary water storage, this includes enabling the
entire site to be able to take on flood water.
1 Dual functional design that achieves stormwater management and recreation objectives, while
creating an attractive public spadoe community use
1 Establish clear entrances for park access and to park activity spaces using structural and
vegetative buffers to reduce safety hazards for park users.
1 Improve public access to the site by creating a new pedestrian accesb@wieerthe park and
the community at Cynthia Road and the western bank of the Humber River.

1 Integrate the existingtormwateioutfall into the design
CONCEPT DESIGN

Scarlett Woods Golf Course will be convertetb the Scarlett Woods Wetland Patkmposed oboth

green stormwater management infrastructure and recreation amenities. The design incorporates flood
mi tigati on appr oalohKauth Naduealizatibnand Pdrtd andsr-toad ®otection
Project(Waterfront Toronto, n.d. & 201&)nd the Duth Room for the Rivgorogramme

(Rijkswaterstaat, 2010; Rotterdam, 2010)
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Figure34: Concept Design of Scarlett Woods Island Park

A new river channel will be constructed in order to provide a bypass route forfleaieg down the
Humber River during both normal ah@yh-waterconditions. By providing more space for the Humber
River to flow, the newl,200 metreiver channel providea significant amount of permanent and
temporary storage space for water during high flow events. Further, the channe #ratieation of
122,000metressquared of multifunctional wetlarahd marsh habitdhat provides additional storage
capacity dung high flows and improves water quality.

Island Park, situated between the Humber River and the new river channel, creatgaiblicw
accessibl®pen space for exploration, outdoor education, and flood protection. The centre of Island Park
consistf space for both passive and active recreation space through the incorporation of pedestrian and
cycling multiusetrails, shaded picnic areas, and viewpoints of the river and wetland ecosystems. The
pathways are designed to minimize impacts to natuealsaaind are wide enough to accommodate a
maintenance vehicle. The perimeter of Island Park consists of green stormwater and flood protection
infrastructure for flood mitigation. This includes the creation of wetland and ripeoisesfor water
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absorption and filtration; bardtabilization facilitated bgxposed stone armouring and bioengineered
banks to prevent erosion; aadregetate@loodplainthrough theplantingof afloodplain forests to
provide natural and structural capacity to mitigaterine flooding(Hough, 1995p. 34).

Vegetatedlood protectiorberms have been used along the northern and southern perimeter of the site to
raise the grade of the lantihe bermsncrease the structural capaditytemporarily hold large quantities

of riverine flood watersvithin the site protecing the surrounding community from riverine flooding. The
inclusion ofthe berms is critical since the entire site is within the Humber River floodplain and is
designed to function as a green spillway duhigh water eventsThe southerrberm provides flood

protection for the residential area south of the site. A pedestrian access point between the park and the
community at Cynthia Road has been added via a stamtasg theflood protection bermThe kemm at

the northern extend of the sjteevents riverine flood water flowing from the park onto Eglinton Avenue
West while alsoprevening untreated runoff from Eglinton Avenue West from entering the park. The
berm, in combination with thadjacenbioretentiorswale, will collect, filter and infiltrate the runoff from

Eglinton Avenue West

Design Description

Element

New River The rew 1,200 metre river channel will act as a diversion channel to provide mot
Channel room for theHumber Riveduring both normal andigh-waterconditions. The banks
of the new channel will be bioengineered with stone armouring and wetlands the

enable the chanh® withstand fast moving floodwaters

Flood The kerms provide flood protection for tlaeeas adjacent to the skig raising the

Protection grade of land along the edges of the park. The berms increase the structural cajf

Berns the site to temporarily hold large quantities of riverine flood waters during high w
events.

Island Park | Island Park is created by thew riverchannel. The grade of the land will be elevat
and reinforced with exposed stone armour on the southern portion of the island,
with a bioengineered wetland bank on the northern portion. Island Park will offer

recreational amenities, viewpoints of tiiver and wetland ecosystem, and wildlife

habitat.
Emergent The emergent wetland zone is B&urategortion of theriverbankwhere rparian
Marsh vegetatiorthatthrive in shallow watemand/or water edgeonditions growsuch as
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grasses and woodhrubs This zone is important fdtood-flow storage slowing
watervelocity rates and bank stabilization

Stone Armour

Meadow The meadow wetlanid theuppermost portion of a riverbankomprised of flood

Marsh tolerant grasse#hatinfiltrated runoff and riverine floodwater during highater
conditions, buts dry in typical conditions

Exposed Exposed stone armour will protect the river channel and bank from eeosifast

flowing waters during higlwater events. Wetland habitat has been incorporated il

and Wetland | this design, between the river channel and the stone armour to provide additions
Habitat storagecapacity for water, improve water quality, and create habitat.

Floodplain A floodplain foreswill be planted to lw andinfiltrate rainwater This will lower
Forest water levelffluctuationsin theHumber Riverandreduce the risk afiverine floodng

anderosion(Forman 2014, p. 171; Hough, 1995, p34). An additional benefit is that
densely wooded areas around the perimetamagtlands will deter geese from
colonizing(Ontario, 2003).

Bioretention

The swale will collect, filter and infilate the runoff from Eglinton Avenue West. Tk

Swale swale is 4 t®-metes-wide and is composed of wetland vegetation, shallow check
dams, and an unddrainpipethat drains intane of thewvetlands for further filtration
before being conveyed into the new river channel

Permeable A permeable pavemeparking lot with adjacenbioretentionrain gardenswill

Pavement provide bicycleand vehicle parking for park users. Terking lot will be designed tc

Parking Lot | meettheCi t y of dCGreen o Suidface Parking Lot&uidelinegToronto,

2013)

Maintenance

Access Road

The main paths and the pedestrian bridge that connect to Island Park will be wic
enough to accommoda@ity of Toronto and TRCAnaintenance vehicte

Green
Spillway

The entire site will function as a spillway, an area that provides additional space
flood water capacity, during flooding events. During regular conditions, the spillw
will perform its primary function as a naturalized open spacsttomwater

management anecreation use.

Tablell: Green Stormwateinfrastructure Elements within the Concept Design of Scarlett Woods Wetland Park

PERFORMANCE

1 Theproject includes (1) a new naturalized river channel, which is approximatelyrhg&@&sn

length and 3@netreswide, provides more room for the Humber River to flow during normal and

high water conditions; (2) approximately 30,000 squaetresof dediated wetland ecosystem
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and 92,000 squareetresof emergent and meadow marsh ecosyspeoviding permanent and
temporary storage capacity for riverine water and slows water flow during flood events; and (3)
approximately 70,00fhetressquared of floodplaiforest habitat that slows and captures water
during flood events.

The entire260,000metressquaredsite functions as a spillway during riverine flooding events.

The swale along Eglinton Avenue West will prevent polluted stormwater runoff from ertteging
sewersystemwhile the attached vegetated berm protects riverine flood water from spilling out of

the parkland and onto the road.
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6.3.3.2: Black Creek Naturalizatiand Flood Protection Corridor

SITE CONTEXT

Area: Approximately 284,00@8quare metres (28.4 hectares)
Topography: Black Creek flows southwest towards the Humber River.
Within the Regulatory Floodplain: Yes

Figure 35: Context Map of the Black Creek Channel

The Black Creek Naturalizaticand Flood Protectio@orridorproject include the revitalization of Black
Creek between Scarlett Road and Hilldale Road, inclusive of Smythe Park, Black Creek Park West, and
Black Creek Park East.

Figure 36: Floodplain Context bBlack Creek (TRCA, n-@)

64



e & o o

Quitfalls

Sanitary Pumping Station
Storm Pumping Station

Combined Manhole
Dual Manhole
Sanitary Manhole
Storm Manhole

——» Combined Sewers
— Sanitary Sewers
—>» Storm Sewers

== Combined Trunk Sewer
@=p® Sanitary Trunk Sewer

Basement Flooding Complaints
® 2013-July8

2012-July-15
2010-June-26

2008-July-08
2005-August-19
2000-May-12

@ 4 @ p 1

Figure 38: Sewer System Context of Black Creek (XCG Consulting Ltd., 2014, p. 6)
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EXISTING SITE DESCRIPTION

TheBlack Creek Naturalization and Flood Protection Corridor project consists of three green space areas,
including Smythe Park, Black Creek Park West, and Black Creek ParkBEas$t.Creek flows through

an engineered concrete channelstarcted throughout the 1950s and 60s following Hurricane Htazel
1954(Reeves, 2018). Instead of functioning as a natural creek system, Black Creek is a grey
infrastructure element designed to convey stormwater away from theipuitbanized area asigkly as

possible Several outfalls and combined sewer overflow structures discharge untreated stormwater and
wastewater into the Black Creek channel, which flows at high volumes and velocity during rainfall
eventslt is common for Black Creek to flow over the concrete banks, causing flooding groilveds of

Rockcliffe Middle School and theurrounding parklandndresidentials streetsithin the floodplain.

Thecurrent design oBlack Creek Site East and West simts of mature trees and open lawn areas that
follow the Black Creek concrete chanr@inythe Park consist of mature trees, open lawn areas, a vehicle

access road from Scarlett Road, three parking lots, and several recreation grimemhitiisg three

baseball diamonds, an outdoor pool and splash padnaitdisetrails.

Existi Conditi D Site Boundary I Black Creek Channel @ Qutfalls
XIstin onditions ;
g D Parking Lot I Road O Combined Sewer Control
Black Creek : Structure and Outfall
D Outdoor Pool i Walkway D Baseball Diamond

Figure 39: Existing Conditions of Black Creek
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Figure 40: Black Creek Flows within a Concrete Channel Through Smythe Park, Blaek Park West and Black Creek Park
East (Photo Credit: Alana Wittman, July 2020)

Figure 41: Combined Sewer Control Structure and Outfall in Black Creek Park West (Photo Credit: Alana \\tfitlge2020
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Figure 42: The Jane Street Culvert within Black Creek Park West (Photo Credit: Alana Wittman, July 2020)
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Figure 44: City of Toronto Flood Risk Warning Sign in Black Creek Park :alst (Phot Credit: Alana i‘ttman,".‘JuIy 220)



REVITALIZATION OPPORTUNITY

The subject area is a substantial parcel of public $&ndted within the Black Credloodplain that has
unrealized potential for stormwater management and flood proteBtaoming and design interventions
can transform Black Creek from a constrained concrete channelnataralized watercourseith
wetlandsand a vegetated floodpiathat reduce, capture, filter and infiltrate rainwater and runoff.

DESIGN APPROACH AND VISION

1 Integrate green stormwater infrastructure inditeto achieve stormwater managemant flood
mitigation benefitswhile creating an attractive pubbpace for community use

1 Increase water storage capacity and groundwater recharge through a naturalized watercourse,
wetland habitat, vegetated soils, amobdlandareas (Hough, 1995, p. 77).

1 Design the site to include both permanent and temporary watags, this includes enabling the
entire site to take on flood watéuring highflow events

1 Lower the floodplain by designing the Black Creek to be deeper and wider than its current built
form, allowing larger volumes of water to flow through the watgnauring higkflow events
(Rijkswaterstaat, 2010; Rotterdam, 2010).

1 Use vegetation to stabilize the naturalized creek bank, control peak flow rates, and restore
riparian zones within the floodplain.

1 Establish clear entrances for park access apdroactivity spaces using structural and
vegetative buffers to reduce safety hazards for park users.

71 Integrate the existing stormwater outfall and combined sewer overflows into the design.

T I'ncorporate design r ec d20MBladk@reek (Roclliffé Aremm t he TR
Riverine Flood Management Class Environmental Assessimeloiding the flood protection
berms east of Scarlett Road and north of Rockcliffe Middle School.

CONCEPT DESIGN

The Black Creek Naturalization and Flood Protection Corfidoject transforms Black Creek from a
constrained concrete lined channel into a natural and meandering watercourse, substantially reducing the
risk of riverine flooding in the Rockclifi&mythe neighbourhoo&Green stormwater infrastructure will

be incorporated int8mythe Park, Black Creek Park West, and Black Creek Pathkd=ashieve

stormwater management objectives, while creating an attractive public space for community use. The

design incorporates floadi t i gat i on appr o albohkauth Naguealizatibnaand Pditor ont 0 6
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Lands Flood Protection Proje€Waterfront Toronto, n.d. & 201&nd the DutclRoom for the River
programmgRijkswaterstaat, 2010; City of Rotterdam, 2010)

Figure 45: Concept Design aheBlack CreekNaturalization and Flood Protection Corridor Project

A newnaturalizedcreek channekill be constructed, replacing the existing concrete channel. The new
2,000metre Black Creek channel will include a rocky creek éedbioengineered bankproviding

more space for Black Creek to flow during typical and higtter conditions. The wide and meandering
creek provides a significant amount of permanent and tempsti@age space for water, reduces peak
flow and velocity rates and enabled the creatioappfroximately 104,00Mhetres squared of

multifunctional wetlands and marsh habitat. The width and meander of the creek within each park was
determined by the availlbspace within eacite For example, the creek channel is much wider in

Black Creek Park West than in Black Creek Park East due to the limited area and configuration of the

site.

Two vegetated berms have been incorporated into the revitalizationtgoopovide 106year flood
protection(XCG Consulting Ltd., 2014, p. 11A berm will be constructed on the northern extent on
Smythe Park from Scarlett Road to Jane Street to protect the adjacent residential area from flooding
during highflow events (TRCA, 2014, p. E2-3). The second berm will be constructed along the
southeastern extent on Black Creek Park West, protecting Rockcliffe Middle School for riverine flood
water events (TRCA, 2014, p-ZE3). The berms would permanently remove Rockcliffe Med8ithool

and the homes along Black Creek Drive from the floodplain (TRCA, 20144p. E
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