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Why talk about resilience ?

The future Is not
what it used to be...

é A 0l Toronto
il I IJ-
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Montreal area (Spring 2017) Iasa“ebnhc 4



Why talk about resilience ?

A wise man proportions his belief to the evidence.

All knowledge degenerates into probability.

The only immediate utility of all sciences is to teach us
how to control and regulate future events and their

causes.

Causes and effects
We see many successions, never
causalities. i

Climate change and
observed flooding events

David Hume
(1711—1776)

An Enquiry Concerning
Human Understanding

e Ilhc 5




Why talk about resilience ?

The problem with

existing systems and
urban flooding

Debby (Aug. 9th 2024)

- ?
Rebuild all the sewer networks lasalleisnhe .



The case of Montrea
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Large part of the sewer
networks is combined

Basin divide near the
center of the island

Old system of collectors
draining to the
interceptors

Different causes of
flooding (rivers — local
sewer network —
combination
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Action Plan

Network of resilient Cities (https://resilientcitiesnetwork.org/)

Montréal’s Resilient
City Strategy

Montréal 3

Developed after events of 2017 lasallessnhe .



Action Plan - Montreal

Specific action plan for flood resilience
(announced at the Montreal Climate
Summit in 2024)

. Support owners in the process of adapting
their buildings;

Focus on prevention by adapting regulations;

. Seize every opportunity to continue building
resilient infrastructures.

Over 400 sponge sidewalks (curb extensions)
and 30 sponge parks planned

lasallesnhe .



Outline

* Resilience to flooding - A (very) short history

 CSA Standards and the problem(s) with existing
drainage systems

* Using new tools to look at old problems with a more
robust and efficient approach

« Case studies — Sponge parks as a partial answer

lasallesnhe .



Resilience — A short history

Resilience and Stability of
Ecological Systems
Holling - 1973

Resilience determines the
persistence of relationships
within a system and is a measure
of the ability of these systems to
absorb changes of state
variables, driving variables, and
parameters, and still persist.




Resilience — A short history

Reliabilit Risk Resilience ———
y
threats
R
Before 1980 1980 to end of 1990 Since 2000 -
Systems designed to Systems designed with I
operate without consideration of risks Systems designed with Uncharacterized
problems for a given and consequences for principles of resilience Lowggg{asbmty
design event events beyond the

design event

Resilienc

Approach: Considering
Approach: Conduits different types of events Approach: Climate
designed for a return and return periods, change and uncertainties
period of years quantifying risks and taken into account
managing consequences

Risk = (Probability of a climatic event) x (Probability of undercapacity for the
event) x (Consequence (f(Exposition, Vulnerability)) or Costs)

mnhe *»



Resilience — A short history

Review
Review of Urban Flood Resilience: Insights from Scientometric
and Systematic Analysis

Meiyan Gao "2, Zongmin Wang 2 and Haibo Yang

social W.Teratu'hty
N@d— ? |
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Figure 7. Increasing trend of literature about urban flood resilience.

floo@irisk
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CSA Standards

( CSA
SB GROUP"

Flood resilient design of new residential

communities CSA W204:19
National Standard of Canada

Prioritization of flood risk in existing

communities CSA W210:21
National Standard of Canada

lasallesnhc ..




The Problem(s) with Existing Systems

Category of rainfall events
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\_ The domains represent the reduction, pollution
relationship between rainfall and and erosion control
impact on a typical catchment. l

CSA W204

Increase in the potential impact / consequences of the rainfall
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CSA Standards

Importance of dual L[ . &
: : | & '
drainage analysis |
£ als i
| . |
_‘;5 Inlet control devi
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inlet
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Maximum surcharge

_/‘ level for major
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Foundation
drain

Storm sewer
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CSA W204



The Problem(s) with Existing Systems

Toward More Resilient Urban Three main components to

Stormwater Management i _
Systems —Bridging the Gap From create a resilient system :
Theory to Implementation

PRy . 1 : 1 .3 . 4 - -
gsar:;:?pﬁgg m&%aj;;ds iif:rt; ; Wenming Zhang ', Robert J. Muir®, Chris Johnston”, 1 _ C O n tl n u O u S f I OW ro u t e :
gt e g e G Yo 2. Appropriate freeboard to

Burnaby, BC, Ganads, * Kerr Wood Leidal Associates Lid., Galgary, AB, Canadla, ®Lasalle | NHC, Laval, QC, Canada

building entrance
elevations; and
3. Appropriate setbacks.

Related to low points
caracteristics

lasallesnhe




The Problem(s) with Existing Systems

* “No” Damage
* “No” Loss of Life

* “No” Business Interruptions Towa I"d MOI"e RESi I iel'lt U I’ban
“No” Trafficl cts i "
E ;)ptirc:lalferlfirzzzce ExcellentResilience with manageable Stormwater Management
" impacts = .
i — Sy T2 e, Systems—Bridging the Gap From
Q s 1 " - TTimmeeee, eraa.,
B0 Minor H Major = 1k g o 1
g Gbew: | Syt B 1 Theory to Implementation
=) m b
= E Y % = i Bert van Duin'*, David Z. Zhu', Wenming Zhang', Robert J. Muir®, Chris Johnston*,
g : E i E:' : Craig Kipkie® and Gilles Rivard®
E : $ a ';_: : .'_ ! Department of Civil and Environmental Engineering, University of Aiberta, Edmontan, AB, Canada, £ Water Resources, City
E : ° g _g : '*. Little Resilience with significant of Calgary, Calgary, Aﬁ.s Canada, -’ﬂw@ Co.r:su.l'tﬂg Limited, Toronto, ON, Canadas * Kerr Wood Leidal Associates Lid.,
|.5 1 T ol % G Burnaby, BC, Canada, * Kerr Wood Leidal Associates Ltd., Galgary, AB, Canadsa, * Lasalle | NHC, Laval, QC, Canada
i > a1 : impacts
i 1 2 8 o ¥
M) 1 I i = B |
o 1 1

Severity of Storm Event — f(duration, intensity)

Size of Shaded Area= Volume of
] Runoff to be stored/detained

The same Volume of Runoff
that needed to be stored is
released at the capacity of the
downstream system over a

long period of time Capacity of Sewer System or
Downstream System

Runoff

Flow
Rate

| —S lasallesnhe



The Problem(s) with Existing Systems

BaS|c taSk - Ga In a bette r knOWIedge Arc-Malstrem: A 1D hydrologi? screening method for stormwater
Of t h e actua | ﬂ oW pat h S d uri ng assessments based on geometric networks

. . Thomas Balstrem ® , David Crawford "
extreme events and low points in the Lopeme el i e, by of Gy, o ke 10 06150 Qg et
major system 2018
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The Problem(s) with Existing Systems

Basic task — Gain a better knowledge of the actual flow paths during
extreme events and low points in the major system

charlenagne

Terrebenne

salnte-
Thérdse

Low point accumulations
determined for the entire
territory

Balsbeiand

Brossard

s Iasal Ie b nhc 20




The Problem(s) with Existing Systems

Relevant

rameters to e Surface areas flooded
Pe . - * Duration of flooding
quantify resilience * Maximum water levels

at low points

* Horizontal and vertical
distances to buildings or
infrastructures

lasallesnhe ..
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The Problem(s) with Existing Systems

1. Quantify the root cause
Consider the appropriate scale (CSA Z800)

The relationship between river flooding and flood causes discussed in the Guideline

o (See Clause 4.5.)
/ Overland Infiltration Sewer backup Overland
sewer backup sewer backup infiltration sewer backup

infiltration infiltration
BLOCK
PARC?L

Storm system, backup from river

Hydraulic Hydraulic
grade line grade line
l J
I ! !
5”_ff3':e inundation from Elevated groundwater table and Surface inundation due to river water
river water backed up backup from storm system but does overtopping the banks.
through storm system not daylight to surface inundation Lateral hydrostatic forces experienced

on building from active flow of river water.




The Problem(s) with Existing Systems

2. Quantify the risk and IMPORTANCE OF MAIJOR SYSTEM
AND LOW AREAS

consequence of
flooding

And what could (should) we
do about it ?




New Tools and Adapted Approaches

* Necessity to use 2D modeling and
detailed analysis

* Important component of GIS data
(DEM, elevations and caracteristics
of buildings, locations of catch .
basins, location of depressed
driveways and potential entrances
of water through buildings, etc.)

Iasal Ie - I'Ihc 24



New Tools and Adapted Approaches

Ao

* Tools for planning
* Simplified hydrology
* Simplified
consideration of
underground pipe
systems

o "5*; \
B if-:‘;
9“" o 3

Scalgo Live
HEC-RAS 2D (Rain-on-Grid)
PCSWMM 2D(Rain-on-Grid)

Iasallebnhc 25
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New Tools and Adapted Approaches

lasallessnhe




New Tools and Adapted Approaches

* Tools for detailed design
* Detailed hydrology and hydraulics
* Detailed integration of major systems, catch basins and
pipe systems

Water depth around 300 mm to 600 Model gives around 600 mm depth at 7
mm during heavy rainfall the same spot

@ - o A 4 ."'\
; r] 3 £ et
4 . v by, y Vo e 2 B ]
i ae. * i~ ~ L
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Sponge Parks — General Concepts

Some inspiration from international
examples (Water square — Rotterdam)

AT

|\
N

= 1
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Sponge Parks — General Concepts

Toitvert — — —
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— Saillie drainante

Drain de toit a

débit controle
Stationnement —

resilient

Parc

Fosse d'arbre =— — —
drainante

¢

X

Montréal — Espaces résilients

publics : la boite a outils (Toolbox)
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Sponge Parks — General Concepts

Types of layout and design elements

Dépression végétalisée

Parc Pierre-Dansereau — Montréal

Espace impermé&able

Espace de biorétention

Montréal — Espaces résilients
publics : la boite a outils (Toolbox)

Parc PiérreDmsereau — Montréal Place des Fleurs-de-Macadam — Montréal Iasa I Ie b nhc 3 0

Parc Dickie-Moore — Montréal




Sponge Parks — General Concepts

Opportunities for multi-functional design

Variation de l'état sec et
submergé

Dénivelés

L

Ruelle verte — Montréal

Evocation de l'eau en surface

Montréal — Espaces résilients
publics : la boite a outils (Toolbox)

lasallesnhe .
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Case Studies - Sponge Parks

1. Parc Pierre-Dansereau

Plan de drainage pour pluie de récurrence 20 & 50 ans

e- Stephan

‘
Ma“
AV A \

Hauteur d'eau

20 ans 0 - 260 mm 460 mim

50 ans 100 - 350 mm 550 mm

Construction: 2021
Area: 6320 m?

Volume of water: 630 m?3
Budget: 3,1 MS

lasallesnhe .




Case Studies - Sponge Parks

1. Parc Pierre-Dansereau

Plaine inondable avec Transport de
drain longitudinal connacts I'eau vars las
4 l'égout pluvial jardins de pluie

MNoue de biorétention avec trop-plein Puisard connectant les jeux d'eau aux jardins Pleine gazonnée muliusage inondable avec Passerelies
de pluie drain 3 3




Case Studies - Sponge Parks

1. Parc Pierre-Dansereau

03.1 GESTION OPTIMALE DE L'EAU
STRATEGIE DE NIVELLEMENT

LEGENDE T
PROFILE ‘T EN ACIER
TS~ ACHEWINEMENT [ U'EAL VERS LES R 2 N o e,
JARMNE DE PLUIE | . | | | | I
- — - - e — —aL iy — — ..(
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T TONE FACCUMULATION [EAL DAKS e
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"S.
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Case Studies - Sponge Parks

1. Parc Pierre-Dansereau

Avenue DURDCHER

IUTREMONT
LODMEIELD

lasallesnhe ..




Dansereau

lerre-

1. Parc P

=

lasallesnhe .
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Case Studies — Sponge Parks

2. Parc Fleur-de-Macadam

o AR

\ L, 2 & o }4 - .
Vhitn ) NG A% & Vo' /‘% S A

etisupplyjstore

565 Q /
o #
f

Construction: 2021

Area: 2110 m?

Volume of water: 170 m3 (total infiltration)
Budget: 2,2 MS

lasallesnhe .




Case Studies - Sponge Parks

2. Parc Fleur-de-Macadam

Rétention de l'eau de Accumulation et Accumulation et transfert de I'eau de
ruissellement des rues transfert de l'eau vers le ruissellement de la place inondable vers
et de la place dans les ardin de pluie dans les les jardins de pluie

jardins de pluie osses d'arbre reliée aux

jardins de pluie

AsSalli€esnne s



Case Studies - Sponge Parks

2. Parc Fleur-de-Macadam

Types d'ouvrages
1 Rue a dévers unique
7 Fosse d'arbre élargie

3 Fosse d'arbre relige
aux jardins de pluie

4, Espace public inondable

5 Abaissement de bordure
et fosse de prétraitement

[ Sentier sur ponceau

7 Jardins de pluie

Gestion de l'eau

»  Rétention et transport des eaux
de la place publique vers les
jardins de pluie

»  Reétention et infiltration des eaux
provenant des rues adjacentes

;j Pluie de récurrence 100 ans
. Pluie de récurrence 10 a 25 ans

. Pluie de récurrence 5 4 10 ans

lasallesnhe
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Case Studies - Sponge Parks

3. Parc Dickie-Moore

. \(Tégays “Mon
. Managed|IT

lasallesnhe .




Case Studies — Sponge Parks

3. Parc Dickie-Moore

lasallesnhe .




Case Studies — Sponge Parks I ———

4. Parc des Eaux-Cachées (in ——

5

ROUSSEAU
LEFEBVRE » Eiomement

LEGENDE

=== Limitedesite

Parc des Eaux-Cachées

| =—— voies de circulations principales 7 Lo A\ i - / I II nh
B Ligne vert (nétro) 4 6 L < ] 42

A
Ligne orange (métro)
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4. Parc des Eaux-
Cachées

Looking for

ways to
maximize water
directed to the
park

b Profils rues

— Autre
= William
= De la Montagne
Ottawa
Saint-Thomas
= du Séminaire
Points profils rue
@ dela Montagne
@ du Séminaire
Saint-Thomas
Ottawa

g o Wiliam

rMNT_ExtractDWG_1m

Montteal |




Case Studies - Sponge Parks

4. Parc des Eaux-Cachées | VP |

3 |

s

BioR-Q2

-- ROUSSEAU
s Environnements
— Entrée de ruissellement de rues L E F E BV R E -

— Ecoulement entre les biorétentions k

—* Axededrainage

= Caniveau de prétraitement

performants
I siorétention qualite

- Biorétention intermédiaire

- Biorétention de la Plaine

lasallesnhce
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Case Studies — Sponge Parks

4. Parc des Eaux-Cachées

A R T
ROUSSFAU
LEFEBVRE  Exironmement:

asallesnhec .




Another element of the strategy: Protection and
Prevention

MEASURES FOR
RESIDENTIAL ADAPTATION

Fact sheets, 2024.03

’{’ \% ARCHITECTURE
% SANSFROI
prastd

i
" auésec

)
ARTACTIN

lasallesnhe




Conclusion and Outlook

e Risk and resilience are 2 different
concepts — Increase of resilience of
existing networks is necessary

* Evaluating resilience for older
areas provides a more robust and
optimal plan of interventions

e Better understanding of major system is an important input
for evaluating and increasing resilience — Sponge Parks are an

essential element for a global strategy lasalle&nhe
48




If you find yourself in

a hole, the first thing

to do is stop digging
Will Rogers

lasallesnhe .
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