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Building Capacity to Scale up
Green Infrastructure (Gl)
Implementation for a More
Resilient Toronto

Yusra Sani, Green Infrastructure Project Manager
Adriana Gomez, Green Infrastructure Project Manager
Niloufar Mohajerani, Senior Engineer

Engineering & Construction Services, City of Toronto
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Agenda

« City of Toronto Policy and Strategies related to Gl Implementation
 Demonstration Projects

 City of Toronto Gl Standards and Guidelines

* City of Toronto Green Streets Program

* Design and construction challenges

e Capacity Building for Staff and Industry

* Design and Construction Tools and Trainings

« Green Streets Key Performance Indicators

* Next Steps
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City of Toronto, Policy and Strategies
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SUSTAINING AND EXPANDING THE URBAN FOREST:
TORONTO'S STRATEGIC FOREST MANAGEMENT PLAN
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‘ Green Streets Program Governance

Transportation Services, Chair

City Planning

Engineering and Construction Services
Parks, Forestry and Recreation
Toronto Water

General Manager and
Executive Director level
Interdivisional coordination
and oversite.
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Transportation Services, Chair

City Planning

Environment & Energy

Economic Development & Culture
Facilities Management

Engineering and Construction Services
Parks, Forestry and Recreation
Technology Services

Toronto Water

Provides a coordinated approach to
implementation and ensure effective
communication across all divisions.

Work to fix systemic issues and
iteratively create a strategy for the
long term to build stronger
relationships and reduce the
number of issues occurring
throughout the development review
process
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Initiation Period (2017-2021)

Demonstration Projects - Byng and Thorncrest

 Urban and Rural Cross-sections

« Lessons learned

* Need Gl standards and guidelines

* Need standard contract language
for Gl

* Need for qualified Gl contractors

* Need for public engagement and
communication

* Provided training for staff,
consultants and contractors
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Transition Period (2021-2026)

Development of Standard Drawings and Guidelines

* Over 100 standard drawings
» 8 construction specifications
* Design Guideline

 Lifecycle Activities
(maintenance and
monitoring) Guideline

« Community Engagement
Guideline
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>
& ,!_/w—\
& o =
2 = W\é‘ﬁﬂ SWALE WIDTH AND S
4 [ SEPTH VARIES
w CLEANOUT A L
s gbmeurse % [ remreen
E ) OUTLET CONTROL +
& r—" FROPEH Y LINE MOETIONAY \5 SRR
RiP RAP EROSION T CULVERT TATEHBASTY
AS PER
. mmlacnm SEE ? / K{lr HEADER 550,081 ]
52 4 17/ - 200mm Ola,
25[1 A7Y[/ AN B |\ T fnm@é"w.w
o | A CULVERT AS PER = »
2| r = T850.172
e |G i e o i t ITae=E ZIJZ e hrars
=
5
I\\\\II'IIII/“R"’E‘”“"\II\\
o (| Fow SRR T PERFOFI:J\ATED SRR Fattiton
e 5 AS PER T-850,101 200mm DIA, PVC
Tz = A UNDERDRAIN OUTLET PIBE TO
B SEVER
PRIVATE PLAN
PROFERTY i FURNISHINGIPLANTING ZONE | [VEHICLE LANES
T-
- VEGETATED SURFACE
Bz RIP-RAP REFER 7O —, 5
taZ #1345 MIN. 750mm FROM
g- CPDNE10.010 BACK OF CURE TO
& REFER TO PLANTING TREE CENTRELINE
- AS PEi
Te850,038 SERIES MW Jhﬂrlm FIiUM
WIDTH VARIES SULE o
 cuRBcuT IVLET
— CULVERT HEADER AS PER T-850,10°
AS PER 075D
804,030
— OUTLET CONTRL;
(OPTIONAE)
AN
----- CURE INLET
ROADWAY
SUBDRAIN AS
PER T-216.02-8
GEOTEXTILE PLACED UNDER RIPRAP
rRAef EDGE BIGRETENTION FILTER MEDIA AS PER TS 5,10
mm DEPTH Z0cTGmm CLEAN WASHED HL 6 CHOKER LAYER,
.,lm\'\'le. MEDIUM MIN, DEFTH 1
R T5 5.10.05.01 g ’SDE
»—|\ HWATER LEVEL 14, PERFORATED
& UNBERBRAN'E RECUWED
~~— MIN, 450mm DEPTH DRAINAGE LAYER (SEE NOTE 5)
SECTION A-A e !
NOTES:;
1, SIOSWALE WIDTH AND DEPTH VARIES BASED N DESIRED STORAGE CABACITY, MAYIMUM PONDING DEPTH FROM SWALE SURFACE TO
'OP OF DRIVEWAY CULVERTS TO BE 300mm, MINIMUM LENGTH BETWEEN DRIVEWAYS IS 5m,
2, F SWALE SURFACE 3H:1V MAXIMUM, 4H:1Y PREFERRED,
3 SLOPE DESIGNED TO ALLOW A MAXIVUMELOGITY OF 1.5mis BEYOND WHICH SPECIFIC EROSION GONTROL MEASURES
(CHECK DAMS AS PER T-850,031, T-550,032, T-850.033 AND OPSD 218.2 OPE RANGE FROI
4, Cl S TO BE CONNECTED TO PERFORATED UNDERDRAIN WITH 30 OR 45 DEGREE ELBOW ORU’I\ ED TOWARDS THE MONITORING
‘HELL fo Eanrs TO 8E PROVIDED AT MAX, 30m SPACING, UNDERDRAIN 10 SE MIN, 201 2 R CRUNALENT SMOOTH
INTERIOR WALLES PERFGRATED PIbE, PERFORATIONS 1O BE ONT1IE BOTTOM SIDE OF THHE FIPE, TR SRS e e sie
O T LINDEADRAIN PIFE 100 BE TAPED GRF WITH WEMERANE STRIPS,
5 GRAVEL USED FOR DRANAGE LAYER TO BE 20 T0 80mm, UNIFORMLY-GRADED, CLEAN (MAXIMUM WASH LOSS OF 0:5%), CRUSHED
ARSTONE THAT HAS A FOROSITY OF 0,4
Alldimensions ara In milimetres unloss otherwdsa shown,
ENGINEERING & CONSTRUCTION SERVICES STANDARD DRAWING REVO ‘ JUNE 2021
(i ToronTO BIOSWALE IN SOFTSCAPE 7960411
LAYOUT AND SECTION
SCALE NTS| SHEET1

Engineering & Construction TS 857
m Tn“num Services Division
Standard Specifications for
Roamorks September 2021
Construction Specification for
Inlets in Green Infrastructure
Table of Contents

TS 857.01 SCOPE 3
TS 857.02 REFERENCES 3
TS 857.03 DEFINITIONS 3
TS 857.04 DESIGN AND SUBMISSION REQUIREMENTS...........cccoorumunmnnnnananns 4
TS 857.04.01 General 4
TS 857.04.02 Materials 4
TS 857.05 MATERIALS 4
TS 857.05.01 Concrete for Curb Cuts. 4
TS 857.05.02 Reinforcement 4
TS 857.05.03 Concrete Sediment Pad 5
TS 857.05.04 Leveling Course 5
TS 857.05.05 Gabion Wall 6
TS 857.05.06 Open-Graded Stone 6
TS 857.05.07 Expansion Joints 6
TS 857.05.08 Granular Base and Backfill 6
TS 857.05.09 Catch Basin 6
TS 857.05.10 Pipe 6
TS 857.05.11 Modular Trench Drain System 6
TS 857.05.12 Concrete Trench Drain Cover 6
TS 857.05.13 Side Inlet 7
TS 857.06 EQUIPMENT Y 4
TS 857.07 CONBTRUGTION ooimsriccscosmprorsororsessemmrsscosasiaormscsentores 7
TS 857.07.01 Excavation 7
TS 857.07.02 Curb Cut Inlet and Outlet 7
TS 857.07.03 Sediment Pad 7
TS 857.07.04 Catch Basin Inlet to Green Infrastructure 7
TS 857.07.05 Modular Trench Drain System 7

Oancrata Tranch Neain 2

TC QL7 N7 08
— —




The E '
volution of Green Street
S

TWayTA0 B

Highway

_Highwiay 4011

aac R

Rathu’

L)

et

S E

7:::52 R

B

8
poatt

\on [N

eston R

Pleds R

SupiexAve

‘..,O,m v

v Ve Rd

fa)

S0 J

? L..vu.a, Dt
,M.
)
<
:
o
S
at R
59" %
y 2
2
= %
= &
% <
°

:,::f..,__z Dr
E = Highw 2y 01
%
Z 4»@ *w
5 3
)
and L4 \b
| ennedy X
vrw:n-.....:«v..—.. ¥
23
%,
aiavaen P e %
et e & 5
N .ntﬂ.-.u pars pue M._ Z =
s > :
2 i7vayelis S : 1
§ 2 aan St % :
g za%o_:ﬂ.u .
3 =
3 : . 5
b - ! :
=DVP o S ; e
=z 5 s e RS %
: \ = G R8RS 5
= Aw oY aa.t‘L 3
ot A : 3
.,..Jn.la . B s yones p
£ 3 g P ap f‘
= >
S h 7
= L B 25 W
= S R
- dAQG = o
Qayview Ave : =
z
=
T
:Anut..//u—wuda:‘ na ,\f:.ﬂfm..a
vonge St :
; oupiex AYe ey
-t eyt
wcvo.ﬁuﬁa
B atut St
Oﬁﬁ e pnen RA™ e e =
S -
-
putiedn St o< ' ﬂ\ﬁ -
&= puffedn = .
8 =3
& Ve 3 3>
% o £
Z
\ - awaee
1 = 55
: = -
A : s
z % : :
B IS 3 : \
o oF . 3 ,
13 W/ ﬂ\\. A/UM.IA £
\ § ) =
: L 2 SoY
Jane St E .
= = =
.wzc,,v Z; o 5
; o w..\vf - ﬂw, DW
T Highway A0 . { :
Z =S
R s o &
e R
=
: 3
o X .
= psn g\ (S 5 =5
= e ave
o
W\ mfo‘:n.;.i.m,.qka
o R 5
e {
..», = g (a7
e @ e R | e
ot 3 ,2.@74..2, 3 3
213
S & v ™ ol o
g S 210 g 5
& =
L perin® Dr W I =
: S | 24,
Hignway 4272 - -
<
47&
c 7
%
S
Qv.w.
|

P

oo

2021-2025

2026-2031



‘ Gl benefits and Co-benefits

&S H L e

Managing stormwater runoff to Provide opportunities to Mitigating urban Enhancing the extent and
enhance water quality, to reduce enhance biodiversity heat island effect longevity of the urban
erosion in receiving water bodies, forest
and to enhance urban resilience.
Y ! L
Enhancing air quality Promoting infiltration Conserving / generating energy Beauty
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Benefits are Achieved When
Implementation is at All Scales

* Resilient strategy and adaptation
initiative requires Gl at large scale

e Green and grey infrastructure should [EEEEEE=
operate in coordination.

 Strategic large-scale implementation
of Gl will help achieve the City-wide
green initiatives

0l ToRoNTO "



Build Capacity — The Process

Initiation Transition Maturation Ongoing
Period ™) Period ™) Period =) Implementation
2017-2021 2021-2026 2027-2031 2032 & Future
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| Gl Design Considerations

* Planning « Detailed design

* Gl type selection based on street typology « Calculate the dimensions, depths, etc
(laneway, residential, neighbourhood)

* |nlet and outlet sizi
» |dentify candidate locations for Gl sites utiet sizing

—— : « Sewer connections
* Preliminary design

« Growing medium and plant selections

e Data collection

« Survey

« Gl siting (low points, upstream of catchbasins) :‘

» Geotechnical investigation :

» Subsurface utility investigation (SUE-B and
SUE-A)

0l ToRonTO




Typical Gl Construction Procedure

. ‘ . REs ‘{ﬂ " R
Gl construction steps: By - N ki

» Site preparation
« Excavation and grading

 \Washed stone and
underdrain installation

 Backfilling and growing
medium installation

 Final grading
* Planting (vegetated Gl)

0l ToRonTO



| Construction Pitfalls

 Erosion and sediment controls
« Construction sequencing

* Proper grading and adherence to
design drawings

Material specifications and storage -
on-site -

* Unknown utilities
* Equipment types and usage
* Vegetation and plantings

[ ToRONTO




Building Capacity Workplan:

Training & Tools

Design

Construction

Training

Tools

Training

Tools

SWM calculations
Grading

Geotechnical planning
and investigation

Gl sizing and geometry
determination

Inlet and outlet details
High-level suitable
planting and growing
medium type

0l ToronTo

Design training

modules housekeeping
(stored in ELI)

Design checklist
Sample cross sections
Lessons learned reports
Public notifications
mechanisms

Develop KPIs for the
program and built Gls
Mapping and
monitoring

MCR and DIPs update
Intake process checklist
Pre-qualified
consultants

Cost estimating tools

Inspection during and
after construction (capital
and development)
Material specification and
verification

Construction phasing
Erosion and sediment
control

Field visits

Train Gl contractors on a
regular basis

Construction inspection
checklist

Tender standard
specifications development
Tender standards price list
items

Engineering cost estimates
Public educational
templates

Develop KPIs for the overall
program performance and
individual Gl facilities
Post-construction
monitoring data gathering
and analysis for lessons
learnt leading to
improvement
Pre-qualified contractors

15




Capacity Building for City and
Industry - Design Training

i /S
» Step-by-step Gl Design 4 4
Workshops v

B

« Annual Gl Refreshers to
Staff

* Recorded training sessions
on City’'s learning platform
for new staff and refresher
for existing staff

0 ToronTo "



Capacity Building for City and Industry -
Construction Training

 Annual Gl construction
iInspection training to staftf
and consultants

» Recorded training sessions
on City’s Learning Platform

0l ToRonTO



Bioswale Plant Palette

(N) Native hardy species
(C) Cultivar / Hybrid of a native hardy species
() Non-native naturalised hardy species

(S) Shrubsand taller growing species - avoid planting in areas

| Gl Design Tools

Design Training Modules
Design Checklist

Design and Construction Cost-
estimating tools

Documentation of lessons learned

Public notification mechanisms

Development of KPIs and metrics

Pre-qualified consultants
Mapping and monitoring

[ ToRONTO

Option 1: Purples, Pinks, Whites

Zone 1: Perimeter Planting (Sample Planting Palette)

L ARG ERSTANR Y = i

Additional Species:

1. Ceanothus americanus
New Jersey tea (N)(S)

2. Myrica gale Sweet Gale
(N)(S)

3. Rhus aromatica
Fragrant Sumac (N)(S)

ite Turtiehead (N)(S) ye NI(S) inic iiver's Root (N)(S]

Zone 3: Low Point Planting (Sample Planting)

= Additional Species:
1. Acorus calamus
‘variegatus' Sweet Flag
y (0)
2. Mimulus ringens
Monkey Flower (N)

where views may be obstructed (eg. sightiines between
pedestrians and vehicles at intersections)

Planting to the sides of the bioswale are
tolerant of wetter conditions and help
stablise the slopes.

Plants are selected for visual interest in
colour and form, as well as biodiversity
and wildlife benefit with species that
attract pollinators (bees and butterflies).

Plant material for this area must be the
most tolerant to tempeoral flooding and
wet conditions.

Plants selections are naturally found in
oor adacent to wetlands and are native
species to Ontario.

18




| Sizing Tool

Etep 2. Describe Gl Feature

Select design 5|:Eﬂar'|o:| 1-full infiltration (no underdrain)
CoT standard dwg (if appl'u:able]:| [Enter] |
Is there an underdra'm?| NO |
Full infiltration desi
Is there infitration?| YES | ullinfiltration design (no y
Where is the underdrain Iu:ucated?| NFA |
Gl Cross Section Schematic (NTS) Inputs
. hardscape or softscape edges?| 1 - Hardscape
; Wit
without underdrain underdrain -!r overflow el.: 100.10 masl
1 i Ponding depth _I_ max. depth of ponding: 0.10 m
mulch layer
Finished grade el. 100.00 masl
g =
; 3; filter media layer depth {dy): 0.425 m
& -
g2
Z2= 0.10 m
T
5 v
infiltration storage layer depth {d.): 075 m
| Bottom of facility el. 98.63 masl  imbnnniiiinibobnihpiniinnbphnnnas o
£ = 1 -,g = measured infiltration rate of native soil (f): 38 mm/hr
[ = g=
a"s | &a°b GWTel| 9763  |masI W approx. depth ta GWT or bedrock: 1.00 m
Footprint (FP): m°

0l ToRoNTO i



Construction Tools

» Gl Tender Specifications

« Construction cost-
estimating tools

e Construction Administration
and Inspection Guide

* Gl Construction Inspection
Checklist

Established list of qualified
subcontractors

0l ToRonTO



Green Streets Program Key Performance
Indicators (KPIs)

 Essential to measure the success of

Green Streets program \
Implementation and other green ‘ ra
initiatives.

* Indicators can be determined from
planning to implementation on three
different scales.

0l ToRoNTO "
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Examples of KPI Metrics

SCALE

CAPACITY BUILDING

TOOLS

Watershed No. of trainings * No. of standards/specs
No. workshops updated per year
No. of conferences « How many design
attended guides created were
updated
Neighbourhood No. of trainings * No. of strategies
No. of neighbourhood implemented to reduce
scale costing tools created CO2 emissions
Site-specific No. of trainings * No. of Gl facilities

Number of site-specific
scale costing tools created

designed to meet the
targets outlined in the
guides

22



Next Steps

Document design and project
delivery lessons learned

Additional training and tools

Pilot new Initiatives

Continue to update the City and
overall industry knowledge-base

0l ToRonTO



‘ Questions?

Niloufar Mohajerani, P.Eng., Senior Engineer
Niloufar.mohajerani@toronto.ca

Adriana Gomez, P.Eng., Gl Project Manager
Adriana.Gomez@toronto.ca

Yusra Sani, B.Eng., Gl Project Manager
Yusra.Sani2@toronto.ca

Stormwater Management Infrastructure
Design & Construction — Linear Underground Infrastructure
Engineering & Construction Services

City of Toronto

0l ToRoNTO 24
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