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Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

Why L.1.D.?
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— Effectiveness in achieving SWM objectives
related to infiltration, water quality \ )
improvement and water balance :

— Efficiency in terms of performance and, in
most cases, cost

— Flexibility to adapt to a range of applications
and site specific complexities




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

L.I.D. Design Essentials

— Comprehensive site inventory data
» Soil composition
» Depth to water table
» Sensitivity of downstream watershed

— Integrated design approach:
» Collaborative offers amongst:

= Engineer
= Architect
=  Planner

» Landscape architect
= Ecologist
= (Geoscientist




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

L.I.D. Design Essentials

— Multi-objective based process
» Stormwater management
» Sustainability
» Utility / function
» Aesthetics

— Commitment to innovation

» Every solution is specifically tailored to suit site
conditions

» Unique techniques required to optimize efficacy



Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

L.I.D. Construction Essentials

— Contractor education
— Comprehensive construction supervision

— Contractor education

— Concise implementation / staging strategy

— Contractor education ...

— Attentiveness to contractor ideas / advice
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Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

PROJECT SAMPLES
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_Restore an existing  degraded

Schollen & Company Inc.
RV Anderson Associates
City of Toronto

Toronto Botanical Garden




Edwards Gardens / TBG Sustainable Parking Lot, Toronto
ConceptPlan
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Edwards Gardens / TBG Sustainable Parking Lot, Toronto
Stormwater Management Plan
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Edwards Gardens / TBG Sustainable Parking Lot, Toronto
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Edwards Gardens / TBG Sustainable Parking Lot, Toronto

LAYOUT BASE POINT
N 4 843 577.28
E 316 291.12

ROLLED CURB

(See detail ¥LD-1)

{See Detail 2/LD-2)

(Ciy of Toronta Standard Detal)
PERMEABLE PAVERS

e
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("1 FEATURE SIGN WALL - AT ENTRY POINT
\LDZ/LOCATION PLAN

Cilsanly prune only dead, camaged,
diseasad or weak branches. Preserve
natural character of the piant matenal

Griginal grade of plant in pot o be the same as:
finished grade

{2\ FEATURE SIGN WALL - AT ENTRY POINT
\D2/SECTION & ELEVATION "

LETTERS TO BE RECESSED 25MM IN CONCRETE FACE.
FONT TO BE CONFIRMED

NATIVE GROUND COVER AND SHRUB PLANTING.
REFER PLANTING PLANS.
0 TIO LAYOUT PLAN

Form saucer around bese of shrub.

Saucer to be sosked immediately aher installaton
Sel shiub higher than acjacent grade 1o aliow for
satbement

1. Mulch perennial beds and beds In sodded

areas or raised beds cnly
2. Muich per specifications 75 mm deph.

Carafulty remove op 113 of container. If container i
completely. Cut various sils in

ON-CAGANC, Fmove.
organic container to fecilitate root penctretion. Remove
bottom

Planting pit for bare ret plantings similar with roots lakd
In natural position In hale prior to Mling

Firmly compact any badk filed soll 1o sliminale air
pockets and prevent scil setilement

Sub-Grade

NOTE:

1. For parennisl bads, plantings in ralsed beds,
and whers spacing of materisl is 0.9m or less,
install continuous depth of 450mm planting
soilin bed,

2. Beds located in sodded aneas or raised beds

® Cul Isoaon and ro back agprox. 1.2 8
i a0 wi'e on rocizat.

« Allwine and burisp must be

® Prune 1o remove damaged branches.
Do ot reraove ieador

* Backslin 150 e 605 50l AP 10 prevent
e pociens.

. trunk and inspect
tor darmage.

® Stakes ol o be nsiased on

s requied. 5o i consist of: 50.60% sand
2040

* Caretully remave sny ioose 30l sround i
‘Top of rombal should not be disturbed o coversd
vem sl

& Soak backfiled ares 1o ansure &l conkact
soutbll and backsi

+10m

Plasiic yre projecior

b Toronto

® Time shat bear same reistion 1o grade
5 8 O 10 I ProviDusly Quting grad
Plant tre 50 - 100 mm atown deseod
Gead o ahow for oM eedRng.

= Form 2 sof saucer 125 mm in depth arsd
8wk et 5000 ater watar has boen
‘<over wan aperox. 100 mm of
‘woodcivg mulch tapered fo ground levet
st the k.

= Loosen surfaon soll
of planting ol

Fiace rotbal on
undfishstend 308

Planting Detail for Balled and Burlapped Trees in Turf

Parks and Recreation Division

Urban Forestry Services

June 2002 Detail PD -101

/” 4\ BALLED AND BURLAPPED TREE PLANTING IN TURF
. e

‘approved by Urban Forestry.

awood frame made af ' 4%

1) Troe protection barriers must be a plywood or plastic web hearding or squivalent

(2) Tree protection barriers for trees situated on the City road allowance where visibility must
be maintained can be 1.2m (41.) high and consist of orange Plastic web Snow fencing on

(5) Whers pome axcavata or T It 1 b teporarily losated raas & tee prosection barier,
plywood must be used to ensure ne matenial enters the Tree Protection Zone.

(&) Al supponts and bracing shoukd be outside the Tree Protection Zone. All such supports
‘should minimize damaging roots outside the Tree Protection Barrier.

®

activity, , Surtace truatment
s permitied within the Tree Protection Zone.

any kind

B Sediment control fencing
approved Tree

Protection Plan. The sedime

indicated in an
fancing must be instalied to

Ontario Provicial Standards (OPS0-219.110) and 1o the satistaction of Urban Forestry.

bl ToronTo

Parks, Forestry and Recreation

Urban Forestry

Sept 2008 Detail TP-1

.ms:mumoumm

EOUALENT A5 APPRIVED
BV LARA FCRESTY




Edwards Gardens / TBG Sustainable Parking Lot, Toronto

Construction Process

installation

12



Edwards Gardens / TBG Sustainable Parking Lot, Toronto

Completed Installation

\ "“ X % 2

Permeable pavement at entrance Permeable pavement and
roundabout

biofilter

13



Edwards Gardens / TBG Sustainable Parking Lot, Toronto

Completed Installation

Sl ) O

Permeable pavement parking pads and Extensive plantings to complement TB
walkways

14



Edwards Gardens / TBG Sustainable Parking Lot, Toronto

Challenges / Lessons Learned:

— Budget
» Basic resurfacing $800,000
» Sustainable parking lot $1.8 million

— Timing — relative to TBG programs
— Need to maintain parking capacity

— Retrofit project issues

15



Honda Canada Campus,
Markham

Objectives:

- Minimize reliance on end-of-pipe SWM

— Optimize efficiency

— Utilize the landscape as a functional system
— Address practical considerations

— Reflect Honda's corporate mission

— Achieve LEED® Certification
ZAS [ HOK Architects

Sabourin Kimble & Associates
Schollen & Company Inc.



Honda Canada Campus, Markham

Site Plan
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27,127m2?

Site Area = approx.27 ha
Building Area =



Honda Canada Campus, Markham

Stormwater Management Plan
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2. Bio-filters—
Stormwater
runoff

3. Porous
pavement

4. Vegetated
swales

| 5. Overflow

: storage area




Honda Canada Campus, Markham
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Honda Canada Campus, Markham
Biofilter Plan

CONCRETE SIDEWALK LAWN AREA BELOW EXTENT OF SWALE PERFORATED EXFILTRATION PARKIN G AREA
PIPE/ STORM SEWER

CONCRETE CURB (TYP.) DOUBLE ROW OF H FLUSH CURB AND APRON DOUBLE ROW OF
JAPANESE CHERRY TREES H JAPANESE CHERRY TREES

ROAD




Honda Canada Campus, Markham
Biofilter Section

50 - 100mm @ RIVERSTONE
100 DEEP

LAWN AREA
BEYOND SIDE CURB - SLOPED

FROM ROADSIDE
CURB TO MEET FLUSH
WITH CONCRETE APRON (TYP.)

CONCRETE APRON
DETAIL 2B/LD-5

ASPHALT PAVING
AT PARKING LOT

—— GRANULAR BASE
COMPACTED TO 98% S.P.P. (TYP

CONCRETE CURB,
TO ENGINEER'S DETAIL

BIOFILTER GALLERY
50mm CLEAR STONE

FILTER CLOTH AS SPECIFIED

DEPTH VARIES REFER TO
CIVIL ENGINEER'S PLANS

i -
PERFORATED STORM SEWER/
EXFILTRATION PIPE




Honda Canada Campus, Markham
Selected Site Photos

Rainwater Harvestinngk |

*

Permeable Pavementin Park‘iﬂng Lot Permeable Pavementin Forecourt Roundafzout



Honda Canada Campus, Markham
Selected Site Photos

BIOFILTER
INLET

Paving and plantsin Landscaped Outdoor
courtyard Eating Areas

Biofilter 23



Honda Canada Campus, Markham

Challenges / Lessons Learned:

— Contractor education is key

— Integration of utilities and infrastructure is critical
— Maintenance / management program Is essential

— System must be protected during construction




Bill Crothers Secondary School,
Markham

Objectives:

!

— Achieve pre to past dewehap@eént yl_@kfa_ter balance
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Bill Crothers Secondary School, Markham

ConceptPlan

Site Area = approx.12.25

4
STORMWATER MANAGENMENT PONDS //
QUALITY AND QAUNTITIY CONTROL

BIOFILTERS ]
QUALITY AND QUANTITY;
TREATMENT FOR PARI
LOT AREAS

7

WETLAND

GROUNDWATER RECHARGE
ATTENUATION

HABITAT ENHANCEMENT

VEGITATED SWA y
CONVEYANCE AND TREATMENT
FOR ENTRY ROAD

BIOFILTERS |
QUALITY AND QUANTITY TREATMENT
FOR ROADS/AND FORECOURT
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Bill Crothers Secondary School, Markham
Stormwater Management Strategy
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Bill Crothers Secondary School, Markham

Stormwater Management Plan

STORMWATER WETLAND

WETLAND GROUNDWATER
RECHARGE ATTENUATION
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STORAGE
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SYSTEM
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Bill Crothers Secondary School, Markham
Selected Site Photos

a5 e ; e W ke "‘. o '
Parking Lot with Biofilter Artificial Turf Sports Field and Running Track

with Rainwater Harvesting System Beneat’



Bill Crothers Secondary School, Markham

Challenges / Lessons Learned:
— Contractor education is key

— Protection of installations during
construction Is essential

— Maintenance — inadeguate maintenance
can impact function

— Municipal standards stifle innovation

30



Dundas Street Commercial Site,
Mississauga
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Dundas Street Commercial Site, Mississauga

ConceptPlan

LIMIT OF GPEN SPACE

STREAM CORRIDOR:
MEANDER BELT WIOTH 30m

LINE OF EXISTING
\VEGETATION TO REMAIN

EXISTING FLOODLINE:

PROPOSED FLOODLINE

PROPERTY LINE

PR3N

o
Tlew s ﬁgg ;},.53
3 9

TRANSIT STOP:
FEATURE WALL:

FEATURE WALL.
BICYCLE RACKS:

CONCRETE BAND:

o
E6dc0s srau pabefie

LR TR ST | [T LRI
G R

Legend )
Permeable Paving |
Infiltration Gallery
Biofilter

=== Property Line

5320000 8
M50 3000
*iﬂ e oo

(A)- Native Vegetation Restoration Area

(B - White Roof - High Reflectivity Roofing

C Invasive Species Removal/Management
(D) - Multi-modal Transportation

*D1- Access to Public Transit
* D2- Bicycle Parking

LE) - High Efficiency Building System and Operation
+ Highly Efficient Rooftop Heating, Ventilation and Air Conditioning (HVAC)
* Energy Efficient Refrigeration

« Temperatura Control

+ Lighting

* Renewable Energy

+ Reducing Packaging

- Diverting Waste

+ Consumer Waste-Multi-stream Waste Management

+ Plastic Bag Use Reduction

« Consumer Product Options
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Dundas Street Commercial Site, Mississauga

Stormwater Management Plan
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Dundas Street Commercial Site, Mississauga
The Avenue - Integrated SWM/ Streetscape Design

BIOFILTER SYSTEM

34



Dundas Street Commercial Site, Mississauga
Storm Fountain Feature — Concept

(1) BIOFILTER (7) FEATURE WALL

(2) INTERPRETIVE PAVILION (8) GRATE / WET WELL / PUMP FOR FOUNTAIN
(3) PERMEABLE PAVING (9) PHOTOVOLTAIC ROOF PANELS

(4) RAINWATER FOUNTAIN INTERPRETIVE SIGNAGE

(5) SOLAR ARCADE - PHOTOVOLTAIC PANELS (1) PEDESTRIAN CONNECTION

LIGHT COLUMNS 12 DECORATIVE PAVEMENT




Dundas Street Commercial Site, Mississauga
Selected Site Photos

Permeable pavement and biofilter Storage tank installation



Dundas Street Commercial Site, Mississauga
Sections

PEDESTRIAN CONNECTION IDENTIFICATION SIGNAGE THE AVRNUE SOLAR POWERED PHOTOVOLTAIC ARRAY
LIGHT COLUMNS

BICYCLE RACKS INTEGRATED SIDEWALK:

INTO PLAZA SPACE BEYOND WALL

ELEVATION C-C’ - DUNDAS STREET EAST FRONTAGE LANDSCAPE TREATMENT
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KEY PLAN

30m SETBACK
FROM WATERCOURSE

ASPHALT DRIVEWAY

PROPOSED FLOODLINE

i LINE OF
¥ - _ ! LINE OF PROPOSED GRADE

“—LINE OF = N NS i — i | EXISTING GRADE

EXISTING GRAD o H ‘

| [~——LIMIT OF STREAM CORRIDOR

| (PARISH GEGMORPHIC)

|+ MEANDER BELT

I

(PARISH GEOMORPHIC)

SECTION B-B' 110

NATURALIZED ARE/

30m SETBACK-
FROM WATERCOURSE

IMIT OF STREAM CORRIDOR
(PARISH GEOMORPHIC)

EANDER BELT
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Dundas Street Commercial Site, Mississauga

Challenges / Lessons Learned:

— Reclamation of Brownfields site

> Soil contamination

> Dumped debris

— Extent of impervious cover — parking and building area

— Practical commercial requirements:

> Circulation rer e | ———

» Servicing / loading

g

» Visibility of retail tenants

38
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Elm Drive L.1.D. Retrofit Project, Mississauga
Site Location

P,




Elm Drive L.1.D. Retrofit Project, Mississauga
Proposed Design

300mm overflow
C.1.P. concrete

curb-edge restraint

Inlet Overflow
Pipe outletto CB

Bioretention garden

100mm PVC subdrain

41



Elm Drive L.1.D. Retrofit Project, Mississauga
Cross-section

450mm Filter media / Planting mix |
___ 85%-88% sand (2.0-0.5 mm) ]
8%-12% fines (less than 0.05mm) |

3%-5% organic matter

SECTION A-A SCALE: 1:20



Elm Drive L.1.D. Retrofit Project, Mississauga
Before Construction




ISSISSauga

Elm Drive L.1.D. Retrofit Project, M

Perspective

44



ISSISSauga

Elm Drive L.1.D. Retrofit Project, M
Selected Site Photos - During Construct
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Elm Drive L.1.D. Retrofit Project, Mississauga

Challenges / Lessons Learned:
— Attention to detail during construction is essential
— Plant growth is contingent on frequency of inundation

— Litter removal / maintenance is a concern

46
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Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Plan

EXISTING FENCETO BE /~ RELOCATED CONCRETE SIDEWALK EXISTING
RELOCATED TO LIMIT OF R.OW .f’ ; lgg M WIDE BIOFILTER BENEATH FENCETO BE
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Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Plan View

Lawn
600 wide

Zone 2 Plants
1.1m wide total (.55 ea side)

Perennial plantings for different
colours and flowering season

Zone 3 Plants @
1.1 m wide total

Low ornamental grasses
along street edge (.3m wide)

Taller ornamental
grasses at ends of swale
(.6m wide)

Note:

Length of bioswale varies per plan.

For plug layout, alternate the several species
in each zone in plug groupings of 7-10 pcs.




Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Cross-Section

RESURFACED ROAD ~— BARRIER CURB WITH APRON INLET
/' /—S0D
5 SNOW STORAGE
PVC CATCHBASIN INLET j . / /' /" /' —~EXISTING GRADE
UPSTREAM OF DRIVEWAYS S —WILDFLOWERS

450-600 MM SANDY LOAM

FILTER FABRIC

PERFORLATED PIPE
NON-PERFORLATED SEGMENT
UNDER DRIVEWAYS

25M 25M 10M  03M 74M 03M 10M 25M 25M
7 e v 7= e 7 7 i

20 M ROAD RIGHT-OF-WAY




Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Perspective

Before

Bioretention Swale Section
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Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Selected Site Photos - During Construction
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Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Selected Site Photos

After Construction



Lakeview Community Sustainable SWM Streetscape Project,
Mississauga

Challenges / Lessons Learned:

— Precision is required in establishing grades to ensure functional
performance

— Care needs to be taken when installing permeable pavement
— Plant material growth rates are contingent on precipitation rates

— Maintenance is key to achieving the desired aesthetic

_- : Photo source: CVC website
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York University Life Sciences Building, Toronto
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York University Life Sciences Building, Toronto
Selected Site Photos - Before Construction




York University Life Sciences Building, Toronto
Selected Site Photos - Before Construction
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York University Life Sciences Building, Toronto
Selected Site Photos - After onstruction
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York University Life Sciences Building, Toronto
Selected Site Photos - After Construction

R N S e
lllllllllln‘l“\

EATRRRERRRE

S




York University Life Sciences Building, Toronto
Selected Site Photos - After Construction

Permeable pavements over rainwater
harvesting tank

Permeable pavements over plaza over '
infiltration medium L.I.D. integration with deS|gn |nsp|rat|on
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York University Life Sciences Building, Toronto

Sele_cted Site Photos - After Construction

. —~——
(AR T
u m;

The landscape in south of building incorporates

a deck, seating areas and customized planters

m&;q ; .-,‘E ;'_ﬁ & —— £ 4 - e
Pedestrian walkway forms the spine of the
circulation system in the campus

The deck in an extension of an interior
lounge space
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York University Life Sciences Building, Toronto
Selected Site Phtos — After Construction

Stairway leading to green roof over top of the Solar sculpture on the north face of the
service area for the Physics Building building by artist (Sarah Hall) 63



York University Life Sciences Building, Toronto

Challenges / Lessons Learned:
— Utility and sub-surface conflicts

— Retrofit / infill projects present unique
challenges

— Coordination amongst all disciplines is
essential to success
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Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

Potential Low Impact Development (L.I.D.) Options Checklist

POTENTIAL L.I.D./SUSTAINABLE SWM TECHNIQUES & OWNERSHIP, OPERATION AND MAINTENANCE SCENARIOS

Functional Performance
Land Use Potential L.1.D. Technique Stormwater Stormwater Water Balance
Management - Management - - Enhanced
Quantity Control Quality Control Infiltration

Rainwater harvesting / cisterns v
Biofilters in parking areas v v v
Parking lot storage v

Employment Permeable pavement v v v
Roof top storage v
Increased topsoil depth v v v
Enhanced tree canopy cover v
Integration of biofilters v v v
Integration of surface storage v

Parks/Open Space Enhanced tree canopy cover v
Sub-surface storage v v v
Infiltration galleries v v v
Enhanced boulevards/greenways to
incorporate biofilters, swales or retention v v v
storage

Rights of Way Permeable pavement v v v
Enhanced tree canopy cover v
Porous catchbasins v v v
Porous pipe storm sewers v v v




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

Potential Low Impact Development (L.I.D.) Options Checklist

POTENTIAL L.I.D./SUSTAINABLE SWM TECHNIQUES & OWNERSHIP, OPERATION AND MAINTENANCE SCENARIOS

Functional Performance

Potential L.1.D. Technique Water Balance Water Balance
- Enhanced - Baseflow
Evapotranspiration Augmentation

Rainwater harvesting / cisterns
Biofilters in parking areas

<

Parking lot storage
Employment Permeable pavement

Roof top storage

Increased topsoil depth
Enhanced tree canopy cover
Integration of biofilters
Integration of surface storage
Parks/Open Space Enhanced tree canopy cover
Sub-surface storage
Infiltration galleries

N EIENENENEREN

ANANANANANAN

Enhanced boulevards/greenways to
incorporate biofilters, swales or retention
storage

Rights of Way Permeable pavement
Enhanced tree canopy cover
Porous catchbasins

AR EN RN NN

Porous pipe storm sewers




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

Potential Low Impact Development (L.I.D.) Options Checklist

POTENTIAL L.I1.D./SUSTAINABLE SWM TECHNIQUES & OWNERSHIP, OPERATION AND MAINTENANCE SCENARIOS
Ownership/Operation Key

mmo Ow»

Private ownership provision for 15% failure rate to account for modification by homeowner over time.

Private ownership integrated with sump pump system to ensure function.

Private ownership - enactment by-law that requires securement of a permit for replacement and requires permeable
pavement to be used.

Private ownership of system/municipality ownership of control mechanism within public right-of-way

Private ownership of trees. Enactment of a tree removal by-law to regulate the removal and require replacement
Public ownership and operation by municipality. Operation plan provided by developer as a condition of approval.

Maintenance Requirements Key

1.
2.

-l o

o

No maintenance required

Pre-treatment to minimize sediment accumulation, periodic (infrequent 5-10 years) sediment/debris removal and maintenance of
sump pump.

Annual sweeping and periodic (infrequent 5-10 years) topping up of granular jointing material

Litter removal and routine weeding/plant maintenance

Annual inspection of observation ports and inlets. Seasonal removal of litter from inlets, weeding and plant maintenance
cleaning out of inlet aprons (infrequent 5-10 years).

Clean out of catchbasin sumps

Annual inspection and cleaning of roof drain scuppers

Routine removal of litter debris. Infrequent (10 years+) removal of accumulated sediment.




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

Potential Low Impact Development (L.I.D.) Options Checklist

Land Use

Potential L.1.D. Technique

Ownership/
Operation
Scenario

Maintenance
Requirements

Potential for
Application

Employment

Rainwater harvesting / cisterns

Biofilters in parking areas

Parking lot storage

Permeable pavement

Roof top storage

Increased topsoil depth

Enhanced tree canopy cover

Parks/Open Space

Integration of biofilters

Integration of surface storage

Enhanced tree canopy cover

Sub-surface storage

Infiltration galleries

MM mO|>»>0O|0|0|0]|2

|2 (||| 2(N|W(O|W|N

Rights of Way

Enhanced boulevards/greenways to
incorporate biofilters, swales or retention
storage

n

&

Permeable pavement

Enhanced tree canopy cover

Porous catchbasins

Porous pipe storm sewers

m|m|im|m

D™ |Ww




Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

SUMMARY

Key issues with implications on the
application of L.I.D.:

— Site conditions

— Integration with municipal standards

— Contractor education
— Maintenance and operation

— Need for monitoring
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Low Impact Development (L.1.D.) - Case Studies and Lessons Learned

SUMMARY

L.I.D. Design Essentials:

— Integrated design process

— Multi-disciplinary team

— lterative / inclusive methodology
— Creativity / innovation

— Perseverance
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