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Extreme Rainfall #1 Climate Related Threat for Water
Systems

Riverine Flooding Urban Overland Flooding Sanitary Sewer Backup
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Other Municipal and Community Impacts

Evacuation Plans do not
consider flooding

X

Critical Infrastructure
failure poses potential
threat to public

GTA

News /GTA

Mississauga resident living in tent since flood

Ken Hills, 60, is one of hundreds living near Cooksville Creek displaced since last week's
storm.

El 9 Tweet (32 G| 0 B readit thist

Community and
municipal service needs



Other Municipal and Community Impacts

Percentage of reported waterborne diseases in Canada
(Schuster et al.,, 2005; Health Canada, 2008)

Campylobacter
16.0%

Salmonella

e,

10.7%
‘I Shigella
6.0%
Giardia
34.0%

Economic Impacts Drinking Water Threats Public Health Risks



Urbanized Area with Stormwater
Management Controls (%)

Source:

Percentage of Urbanized Area in Peel with Stormwater Controls
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Region of Peel, Generalized Land Use Layer, 1984 — 2016



What Level of Risk are we willing to
accept?

What Level of Service can we feasibly
achieve in older areas?

What will Climate Change bring?



Assessing Exposure to Liability

Are we making clear,
justifiable and well-
documented “policy”
decisions around
stormwater?

Are we doing less than what
other municipalities are doiRg?

Are we prepared for
reasonably foreseeak
risks?



[ Federal and Provincial Requirements

Growth Plan for GGH/ PPS (2019)

e Stormwater master planning informed by the relevant
watershed/subwatershed plans

Ontario Reg 588/17 3(1) 5
e Asset management address Climate Change vulnerabilities

Federal Infrastructure Funding

e Requires climate change risk assessment, ROI for best management
practices including economic, social and critical infrastructure impacts



Integrating Watershed Levels of Service into Asset Plans

Community
Level of Service

Watershed
Level of Service

Technical Level
of Service

Operation and
Maintenance
Level of Service

Asset
Management
Level of Service

KPI

"I do not want to
experience
flooding”

Example only

Maintain existing
Average
Annualized Flood
Damages under
2050 Climate

Add 10 SWM ponds
and require LID for

infill/
redevelopment

SWM Ponds are
annually inspected
for sediment build

up or repairs
needed

Major work done
such as sediment
removal or
inlet/outlet repair/
replacement

- % of SWM ponds
inspected

- # of properties
experiencing
flooding due to
system issue



What are taxpayers willing to
pay?

What areas do we prioritize?

What options have the greatest
return on investment?



Risk and Return on Investment Tool
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[ PARTNERS: Risk and Return on Investment Tool ]
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Conceptual Model

Impacts determined based on event based riverine flooding, urban overland flooding,
groundwater flooding, sanitary sewer backup and erosion

Property Damage -

— Direct Damage = Public vs. Private

Public Health - injury

(7]
)
@
o and death

- | Residential g

—  Buildings = Displacement © Public Health - disease

- Q outbreak and illnesses
Business 8 |

Interruption

— Indirect Damages =

— Vehicle Damage

Economic Impacts
I

| Additional Waste
disposal Stream degradation
Infrastructure
R;:ﬁ\\:vv:yss/ = Direct Damage = maintenance, repair, Critical infrastructure
y or replacement exposure

Infrastructure
== Direct Damage == maintenance, repair
or replacement

|| Critical Infrastructure/
Utilities

Environmental Impacts




[ Assessment Can be done at different Scales ]

Watershed-wide Community-wide
Erosion assessment Urban flood risk

LEGEND

[ Subwatershed

— Creek
Renfrew_Boundary

" Parks_Renfrew

0 100vyr Floodplain
Roads

Other Assessments:

Riverine Flooding
Sanitary Sewer
backup
Groundwater
flooding

Health impacts
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[ Input Data Requirements ]

GIS Data Inputs

»Digital Elevation Model
»Region of Interest or Boundary
»Land use

»Watercourse

»Floodplain

»Buildings

»Infrastructure layers

Model Inputs
»Hec-ras outputs
»SWM model junctions/ catchments

»Sanitary model junctions/
catchments

»Hydrology catchments

NOTE: Users can use defaults, or their own data. Users can run riverine, sanitary, and/or urban flooding and/or
erosion and SWM pond maintenance modules independently
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Built In Source Data

National Water and Wastewater Benchmarking - Infrastructure Cost

IBI Group - Building Depth-Damage Cost Curves, Spatial Index, Life Cycle Cost of
Management Options

Sustainable Technologies Evaluation Program (STEP) - Stormwater Management
Ponds, and Low Impact Development Life Cycle Costing

Life Cycle Costing for Natural Assets

US Federal Emergency Management Agency/ Intact Standard - Damage
Relationships

Statistics Canada - Demographics
Province of Ontario - Provincial Digital Elevation Model, Surficial Geology

Social Vulnerability Index Mapping
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Economic Impact (Flood Damages, 100-year storm)

Case Study 1

Flood Type

Riverine
flooding

Urban
flooding
&

& < e

LEGEND

I Flooded Buildings (Riverine)

[ Flooded Buildings (Urban Overland)
Historic Flood Complaints
Transportation

++ Railway

Flooded

Buildings

(100- yr)

Total
Damages

Case Study 2

Flood Type Flooded
Buildings
(100- yr)

Groundwater 20

flooding

Urban 7

flooding

LEGEND

Alluvial Aquifer

PCSWMM Model Scope

Total

Damages

($)

=damage-groundwater-buildings-100_YEAR.

=damage-urbanoverland-buildings-1
damage-urbanoverland-roads-100_Y
damage-riverine-roads-100_YEAR

Railway
Roads )
100yr Floodplain

00 YEAR
EAR
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Total Direct Damages ($)

Event- based Damage Quantification
(Public and Private)

Case Study 1

$450,000,000
$400,000,000
$350,000,000
$300,000,000

$250,000,000
$200,000,000
$150,000,000
$100,000,000
$50,000,000 I
$- -

100 yr 50 yr 25yr 10 yr S5yr 2 yr
Storm Profiles

® Flooded Buildings - Riverine

B Flooded Buildings - Urban Overland Flooding and Storm Sewer
Backup

® Flooded Roads (Riverine & Urban)

B Flooded Railways (Riverine and Urban)

Case Study 2

$1,400,000

$1,200,000
$1,000,000
$800,000
$600,000
$400,000
$200,000
$-

100 yr 50 yr 10 yr
Storm Profiles

Total Direct Damages ($)

m Groundwater Flooding
m Urban Overland Flooding and Storm Sewer Backup
® Roads
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Erosion Damage to Critical Infrastructure

LEGEND

10yr Floodplain
—— damage-erosion-SANITARYSEWER-10YR_FUT
— damage-erosion-STORMSEWER-10YR_FUT
~— damage-erosion-UGAS-10YR_FUT
—— damage-erosion-UTELECOM-10YR_FUT
damaae-erosion-WMAIN-10YR FUT

Total Damage/ Replacement ($)

Erosion Damage to Buried Utilities (Baseline)

$400,000
$350,000
$300,000
$250,000
$200,000
$150,000
$100,000
$50,000
. L I-_ L_
350 yr 100 yr 50 yr 25 yr 10 yr

Storm Profiles

M Sanitary sewer utility damage M Storm sewer utility damage W Watermains utility damage

M Gas utility damage Telecom utility damage
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Striking the Right Balance




Groundwater Considerations for Low Impact
Development

LEGEND

v || Urban Overland Flood Risk Areas
v [ Drainage_Flooding_Issues 2018 \
V| i Groundwater within 1m

0

1



Tool allows Municipalities to Compare Solutions

Average Annual Damages under Baseline compared with

140 Management Scenarios
129 153 124

120

108 104 103

100
80
60
40
20

Existing 2050 2080
Climate Scenario

Average Annual Damage (Millions, $)

m Baseline ® SWMPs (without bypass) = Green Development Standards

Sample output: comparing various solutions for their return on investment (in
terms of damage reduction/avoidance) 24
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Natural Assets Life Cycle Costing Database

=

4b.

Wg term)

Manage Asset Life | Col

Wg W “Cycle” for

P

1. Plan,
Inventory

& Assess

or Create

Natural
Features

3. Inspect

Monitor &

Maintain
A\ (short term)
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Return on Investment (Net Present Value, NPV)

Case Study 1

$120
$96

$
&
'_\
o
)

$88
$80 $71

$60

$40
18
$20 ¥

$0 —
Exi 2050 2080
-$20 $(6)

-$40

Net Present Value , NPV (Millions, $)

-$60 $(45) _ _
Climate Scenarios

m Green Development Standards
B SWMPs (without bypass)

Net Present Value , NPV (Thousands, $)

Case Study 2

$12,000

$10,000

$8,000

$6,000

$4,000

$2,000

$0

$10,105 $10,397

$8,815

Current 2050 2080
Climate Scenarios

m LID Retrofit - 25mm
® Millpond Rehabilitation

These are sample outputs only
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Return on Investment (Internal Rate of Return)

Case Study 1

Internal Rate of Return, IRR (%)

5.00%

4.00%

3.00%

2.00%

1.00%

0.00%

-1.00%

-2.00%

2.5%

2050

-1.6%
Climate Scenarios

m SWMPs (without bypass)

4.4%

2080

Case Study 2

Internal Rate of Return (IRR), %

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

48.6%

Current

71.4%

2050

Climate Scenarios

B LID Retrofit - 25mm

79.0%

2080



How are municipalities using the Tool results?
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Priority Assets for Infrastructure Upgrades

LEGEND
damage-DA-dominant-buildings-roads-rails-erosion-ci-bridges-350YR_FUT
[]0- 824691

[] 824691 - 2323794

[ 2323794 - 4105988

[] 4105988 - 6746047

[ 6746047 - 9575545

(I 9575545 - 12298944

[ 12298944 - 16026188

[ 16026188 - 26189300

[ 26189300 - 56923383

[ 56923383 - 93646704

Riverine

LEGEND

damage-riverine-reattributed-100YR_FUT
[ $0 - 500,000

[ $500,000 - 1,000,000

[ $1,000,000 - 1,500,000

I $1,500,000 - 2,000,000

Il $2,000,000 - 2,013,210

LEGEND

damage-uom-reaggregation-350YR_FUT
[Jo-74
[174-634
[]634-3522

[ 3522 - 11070

[ 11070 - 24407

[ 24407 - 45208
[ 45208 - 72587

[ 72587 - 111819
[ 111819 - 186863
I 186863 - 381819
[ 381819 - 15748758
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Prioritizing Action to Address Social Vulnerability and Pollutant

Hot Spots
Health High Maintenance BMPs
‘:. "
e
«‘:
X
Legend
‘Hot Spots’ for health impacts Roads
(injury, illness) Yrs to Next Maintenance
m 7.2-14.2
™ 14.2 - 20.3
£1>20.0

These are sample outputs only



Risk and Return on Investment Tool’s Erosion Mapping can help identify win-
win opportunities for municipal infrastructure, aquatic and natural heritage

system restoration

LEGEND

Coldwater community
® Brook Trout
Erosion Index
— 0 - 1.5
1.5-3.7
—3.7-85

o N

Source: Chris Halliday, Orangeville Banner. Orangeville
reroutes trail near area suspected of aggravating flood waters



https://www.orangeville.com/news-story/7548461-orangeville-reroutes-trail-near-area-suspected-of-aggravating-flood-waters/

Risk and Return on Investment Tool can help identify and make
the case for win-win opportunities for park land acquisition,
flood mitigation and our Natural Heritage System

LEGEND

Natural Heritage Restoration Priorities
[ Priority 1

[ Priority 2

[ Priority 3

[ Priority 4

Priority Neighbourhoods (Total Flood and Erosion Damages)
[ 0-4521693

[ 4521693 - 16026188

I 16026188 - 56923383

Il 56923383 - 93646704



Risk and Return on Investment Tool identifies
communities that maybe vulnerable to health and safety
risks associated with flooding

GTA 0

News /GTA &
’
Mississauga resident living in tent since flood 5
-
Ken Hills, 60, is one of hundreds living near Cooksville Creek displaced since last week's {'
storm. A
%
.,
El wTweet 22 G+ | 0| B reddit this! \s‘

-~
Coee

Legend




LID Scenario 1 —
Urban Flooding
s

LEGEND

Road
LID Scenario 1
[ greenfield
infill
I Retrofit
Areas with High Urban Overland Damage
777 111819 - 186863
[77] 186863 - 381819
[ 381819 - 15748758

Description

New
Development
Lands

Existing Development Lands

Greenfield/Infill
lands

Retrofit of existing
IC

Retrofit of existing
residential roads
ROWs

Objective —
test targeted
LID strategy
to reduce
urban
overland

flooding

15mm over all
lands per current
practices

15mm over the ICI
lands within the
targeted high-risk
catchments (i.e., per
CVC slides, 25% of
the 33%)

15mm within ROW
in residential HRAs




LID Scenario 2 — Water

Quality

LEGEND

Road
LID Scenario 1
77 greenfield
infill
I Retrofit
Areas with High Urban Overland Damage
771 111819 - 186863
[ 186863 - 381819
[ 381819 - 15748758

New Development
Lands

Existing Development Lands

Description

Greenfield/Infill
lands

Retrofit of
existing
ind/comm

Retrofit of existing
roads ROWs

Objective —
test targeted
LID strategy
to reduce
TSS and
improve water

quality

15mm over all lands
per current
practices

15mm over the
ICI lands within
the targeted high
loading
catchments (i.e.,
per CVC slides,

10% of the 31%)

15mm within ROW
draining ICI lands

p




Other Functions

Other assessments currently in RROIT (2020)

e Sanitary sewer backup

e Groundwater flooding (river-connected alluvial flooding, high groundwater table areas)
e Indirect Damages (Residential Displacement, Business Interruption)

Future RROIT Development (2021+)

e Social Vulnerability Index Mapping

e Greenhouse Gas Emissions calculator to support Infrastructure Canada’s Climate Lens
funding requirements

e Water quality (TSS/TP annual loading and reduction with BMPs)



[ Closing Remarks

e In 2021-2022 pending funding would like to add water quality and
GHG emissions into the tool

e CVC and partners are working on releasing the Tool more broadly
including training on the Tool

e If you are interested in the Tool or participating in the Watershed
Level of Service Project, please contact Christine Zimmer
christine.zimmer@cvc.ca and Amna Tarig amna.tarig@cvc.ca



mailto:christine.zimmer@cvc.ca
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