City of Windsor

West Windsor Flood Risk Study

Climate Change Risk Assessment

January 2023 - 21-2409

You are encouraged to include a relevant photo here, but it is not required.
are provided for inserting a photo.

To Change the cover image:

1. insert > header > edit header
2. insert > picture > select the image you want
3. set the text wrapping to “behind text”
4. adjust it to fit in this space



January 24, 2023

City of Windsor

Engineering Department

350 City Hall Square, Suite 310
Windsor, Ontario

NOA 6S1

Attention:  Aojeen Issac, M.Eng., P.Eng.
Engineer Il

West Windsor Flood Risk Study

We are pleased to present this complete final report for the West
Windsor Flood Risk Study for your review and comment.

Sincerely,

DILLON CONSULTING LIMITED

Nick Emery, P.Eng.
Project Manager, Associate

NE:tfn

Our file: 21-2409



—

Table of Contents

Acronyms and Abbreviations

Executive Summary

Table of Contents i

1.0 Introduction 1
1.1 Project SCope and ODJECLIVES........eeuvvieieiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeereererereraeaeae... 1
1.2 PIEVC AppProach and ProCESS .......eevvviiiieieeiiiiieieeeeeeeeeeeeeeeeeeeseeseeesesesseesesssssenee.. 2
1.2.1 Step 1 — Project Definition ... 3
1.2.2 Step 2 — Data Gathering and SUffiCIENCY....cooeiiieecciiieee e, 3
1.2.3  Step 3 — RisSKk ASSESSMENT ....uiiiiiiiiiee ittt e e 4
1.24 Step 4 — Engineering ANAlYSis .....coooeeciiiiiiieee e 4
1.2.5 Step 5 — Conclusions and Recommendations.........cccceeeeeeieecciciiiieeee e eeecns 5
1.2.6 PIEVC OULPULS ..ttt s e e et e s s s e e e e e eeaaann e e e e aanes 5
1.3 Assumptions and LimitatioNS .......ceeeeveeiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeereeeanee. 5
2.0 Project Definition (PIEVC Step 1) 7
2.1 Infrastructure Included in ASSESSMENT ........eeiiiiiiiiiieiee e 7
2.2 CliMate Parameters. ... 8
2.3 TIME HOFIZON i 8
2.4 Study Area Geography .....oooeiiiiiiii, 9
2.5 Jurisdictional Considerations ..........cccocveeiiiiiiiiiiiiiiic 10
3.0 Data Gathering and Sufficiency (PIEVC Step 2) 11
3.1 Background DOCUMENTS ......cevvviiiiiiiiiiiiieeiieeeeeeeeeeeeeeeeeeeeeeeseeesseeseeeeesseraraeaaaeee 11
3.2 Climate Analysis Methodology .......cccooeiiiiiiiiiiiiiccc e 12
3.21 HISTOrICal Data......eeiiiiiiiiiiccee e 12
3.2.2 Climate Change Projections ........ccccuuiiiiiiiiee e e e 12
3.2.3 Climate Projections for Complex Hazards.........cccovvveeeeeeeeieecciiireeeeeeeeeeeeennns 14

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



Table of Contents

3.3 Detroit River Water Levels ... 14
331 Previous STUdIES .....coouiiiiiieeeeeeee e 14
332 Historical Water Level Data.........cceeiiiieiniiiiiiieeecee e 15
3.33 Extreme Value ANalysSis ....cooeeeiiiiieiee et 16
334 Existing Condition 1:100 Year Detroit River Water Level ........cccoveuvvveeeeennn. 17
3.35 Climate Change 1:100 Year Detroit River Water Level........ccccoceeeeeeiiiicnnnns 18
34 Climate Parameters/Hazards ... ..o 19
3.4.1 Precipitation/Drainage/Flooding EVENTS........ccceceeivieeiiieeeciee e 19
34.2 Secondary and Long-Term IMpPacts.......ccccueeeeeeeeiecciiiiiieeee e e e 20
3.5 Existing Drainage Infrastructure Assessment SUMMaAry......ccccccceveeeeeeeeeeneeen. 24
3.51 EVAlu@tion Criteria......uieiieiiiieeiciiee et e 25
3.5.2 Existing Condition Modelling RESUILS.......cccovcuiiiiiiiiiiiiie e 26
353 Climate Change Drainage Infrastructure Assessment .........ccccccveeeeeeeeeeccnnnns 27
3.6 FIOOd MEChaNISMS ... s 27
3.6.1 COAStAl FIOOTING ...vvieiiiiiiiieieiiee et rr e e s aaae s 28
3.6.2 Inflows to the Wastewater System ........cccccivvvieeeei e, 28
363 2 =0 aT=T ) o o To T Yo [T o V=S 29
364 Local SUrface FIOOAING ....cccoeeeiiiieeeee e 29
4.0 Risk Assessment (PIEVC Step 3) 31
4.1 Probability Rating SCale......cuviiiiiiiiiiiiiiiieiiiiieieeeeeeeereeeeeeeeeeeeeeereeeeeeserserarerareeaes 31
4.2 Severity Rating SCale .......coiviiiiiiiiiiiiii 33
4.2.1 Storm Drainage INfrastruCture........cccuvvveeeee e 33
4.2.2 Lou Romano Treatment and Wastewater Drainage Infrastructure ............. 33
4.2.3  Shoreline INfrastruUCture .........cooouiiiiiiiiieiieeeeee e 34
4.2.4 Surface Transportation ROULES .......cccvvvveeieeeeeeeciireeeeee e 35
4.3 Risk AssesSmMeNnt WOrkShOPS .......vvvviviiiiiiiiiiiiieieireereeeeeeeeeeeeeeeseeseeeeesseseseseeeeen. 36
\ 4.4 I S Yolo T ¢ o TP PPPPPPPPPPRt 37
City of Windsor
West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



—

Table of Contents

4.5 Risk Assessment RESUIES........c.ueiiiiiiiiiiiccee e 37
4.5.1 ZONE L.ciiiiiiiiiiiiiee e 38
45.2 7o 3 = PR 39
45.3 7o = PR 41
4.5.4 GeNEral STUAY ArCa ..ot e e e e e s e e e e e e aanee 42
5.0 Engineering Assessment (PIEVC Step 4) 44
5.1 Flood Protection Measure ODJECLIVES ........uvvvvreverreveeieeeeeeeeeereeeeeeeeeeeeeeeeeeeeen, 44
5.2 Target LEVE! Of SEIVICE ...uuvvviiiiiiiiiiiiieieeieieeeeeeterererereeeeereeeeeeserssrssssrrararerrrae——... 44
5.3 Solutions Identification and Development ..........cccccoeiiiiiii, 45
531 CoaStal FIOOAING ...t 45
5.3.2 Inflows to Wastewater SYStem .......cooooiicciiiiiieeee e 49
533 Basement FIOOING......cciiiiiiiiiiciee et 55
534 Local SUrface FIOOTING ...cccuuvveiiieiiiee et 56
5.4 PUBIIC CONSUIAtIoON ....eeiiiiiieiee e e 58
54.1 PIC ANNOUNCEMENT....coiiiiiiiiiiiiiiiiiiiiiieetieee ettt e e e e eee e eee e eeeeeeeeeeeeeeeee 58
5.4.2 PIC FEEADACK ...coiiiiiiiiiiiie e 59
55 COSt ESEIMATeS ...ueeiiiiiiiiiiec 59
551 Costing Assumptions and Methodology .........ccccceeiviiiiiiiiiiiiiiee, 59
5.5.2 UNIT PFICES woiiiiiiiiiiiiiiicc e 60
553 IMpPlementation VarianCeS.........uuevieiiiiiiiieiiiiiieeeeeereeeeeeeeeeeeeeseeeeereeersersrereere... 60
55.4 Operation and Maintenance COStS .....coveveiiieiiiiiiiiiececee e 60
5.5.5 Cost EStimate SUMMAIY ..o e e e e e 60
5.6 Triple Bottom Line ASSESSMENT......uuviviiiiiiriiiiiiieerrerereerererrrrerrrrrrrerre——————. 62
6.0 Recommendations and Conclusions (PIEVC Step 5) 69
6.1 Class EA IMPlICAtiONS ......uuiiiiieeeee ettt e e e e e e e e eannes 69
6.2 IMPlemMeENtation Plan...........ueiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeee e seeeeeeeesararaaaaaes 70
\ 6.3 RecoOmMmMENdAtions .......ooiiiiiiiiiiiiiec e 72
City of Windsor
West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



Table of Contents iv

-

Figures

Follows text

Appendices

A PIEVC Protocol Worksheets

B Risk Assessment Workshop

C Background Information

D Climate Data and Analysis Summary
E Hydraulic Assessment

F Public Information Centre

G Backflow Preventers

H Cost Estimate and TBL Assessment Matrix
References

\

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409




Acronyms and Abbreviations

—

Acronyms and Abbreviations
AR4 — Fourth Assessment Report Released by IPCC
AR5 — Fifth Assessment Report Released by IPCC
C-Clap — Clausius-Clapeyron Temperature Scaling Method
CCRA - Climate Change Risk Assessment

CGVD - Canadian Geodetic Vertical Datum

CMIP5 — Coupled Model Intercomparison Project 5
CSO — Combined Sewer Overflow

DMAF - Disaster Mitigation and Adaptation Funding
EA — Environmental Assessment

ECCC — Environment and Climate Change Canada
ETR — Essex Terminal Railway

EVA — Extreme Value Analysis

GCM — Global Climate Model

GEV — Generalized Extreme Value Analysis

GHG — Greenhouse Gas

HGL — Hydraulic Grade Line

HIRA — County of Essex Hazard Identification and Risk Assessment
IPCC — Intergovernmental Panel on Climate Change
IGLD’85 — International Great Lakes Datum 1985

1&I — Inflow and Infiltration

LOS — Level of Service

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



Acronyms and Abbreviations vi

—

LRWRP — Lou Romano Water Reclamation Plant

MEA — Municipal Engineers Association

MH — Maintenance Hole

NOAA - National Oceanic and Atmospheric Administration

PIC — Public Information Centre

PIEVC - Public Infrastructure Engineering Vulnerability Committee
ROW — Right-of-Way

RTB — Retention Treatment Basin

SCFPMP — City of Windsor Sewer and Coastal Flood Protection Master Plan
TBL — Triple Bottom Line Analysis

WPA — Windsor Port Authority

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



Executive Summary vii

—

Executive Summary

The Detroit River has undergone a period of high water levels in recent years, peaking in
May 2020. The West Windsor area experienced localized flooding at a number of
shoreline properties and municipal roadways in proximity to the riverfront. In addition,
the elevated river levels during this time caused a substantial increase of flow to enter
the Lou Romano Water Reclamation Plant.

The West Windsor Flood Risk Study and Climate Change Risk Assessment (the Study)
was developed in accordance with recommendations of the City of Windsor Sewer and
Coastal Flood Protection Master Plan (Windsor SCFPMP) (Dillon and Aquafor Beech,
2020) which recognized the West Windsor shoreline as being vulnerable to high river
levels. Due to the noted increased vulnerability within the area, the Windsor SCFPMP
recommended the completion of an additional Flood Risk Assessment for the West
Windsor Area.

The primary goals of the Study were to:

1. Using the Public Infrastructure Engineering Vulnerability Committee (PIEVC)
protocol, evaluate the vulnerability of assets within the study area related to
coastal flooding and inflow and infiltration into the municipal sewer system
caused by extreme Detroit River levels;

2. ldentify problem areas based on the evaluation of assets; and

3. Present conceptual design solutions and recommendations to mitigate these
flood risks.

The Study was completed in accordance with the PIEVC protocol. This protocol is a step-
by-step methodology of risk assessment with further optional engineering analysis for
evaluating the impacts of a changing climate on existing infrastructure.

As part of the Study, four main types of flooding were identified to be linked to high
Detroit River levels in the West Windsor area:

1. Direct Coastal Flooding — Potential to affect shoreline properties that are lower
than the 1:100 year Detroit River water level.
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Executive Summary viii

Inflows to the Wastewater System — Coastal water due to high Detroit River
levels have the potential to flow directly into the combined sewer system
through Combined Sewer Overflows and catchbasins that are lower than the
1:100 year Detroit River water level.

Basement Flooding — Coastal waters during high Detroit River levels are not a
direct cause of basement flooding, but can increase the extent and severity of
basement flooding by reducing the available capacity in the sewer network
during storm events.

Local Surface Flooding — Surface flooding during large storm events has the
potential to be further exacerbated due to limited available capacity in the local
storm and combined drainage systems during periods of high Detroit River levels.

The PIEVC protocol was used to develop flood risk scores for each asset affected by the
evaluated climate change scenarios. Each risk score was the product of the probability
of flooding occurring at each asset and the severity of the consequences of flooding on
that asset. The consequences ranged from a minor temporary nuisance, to the need for
repairs, or complete loss of the asset. The overall resulting risk scores were used to
identify assets requiring enhancements for a more robust flood protection solution.
Feedback from City Administration and stakeholders were collected through a workshop
on May 19, 2022 to guide the development of proposed solutions.

The Study also identified target levels of service for the proposed solutions, which
included:

Reducing dry weather flow volumes entering the LRWRP under high river levels to
similar magnitudes as low river levels;

Eliminating surface ponding within the right-of-ways (ROWs) for all storm events
up to and including the 1:5 year under all Detroit River Level conditions;

Limiting the maximum ponding depths within the ROWSs to 0.30 m during the
1:100 year storm event year under all Detroit River water level conditions;

Reduce Hydraulic Grade Lines (HGL)s in the sanitary/combined systems to 1.8 m
below the existing ground elevation for all design events up to and including the
1:100 year storm event under all Detroit River water level conditions; and
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Recommending a minimum target design elevation of 176.4 m for all proposed
solutions intended to limit the direct encroachment of river water into inland
areas.

Each solution was developed to mitigate the impact of high Detroit River water levels on
the study area and to meet the targeted level of service where feasible. A summary of
the proposed solutions developed as part of the Study include:

Recommendations for individual site improvements on shoreline properties to
limit coastal flooding;

Improvements to the following ROWs to limit coastal flooding:

o Mill Street west of Russell Street;

o Prospect Avenue; and

o Sandwich Street from McKee Road to Ojibway Parkway.

Recommendations for the proposed McKee Park improvements to limit coastal
flooding;

Recommendations for an adaptive response strategy to manage coastal flooding
on Russell Street near Chappell Avenue;

Installation of rain catchers at low lying sanitary sewer maintenance holes;
Installation of backflow preventers at combined sewer overflows (CSOs) to reduce
the risk of river water entering the wastewater system;

Recommendations for individual site improvements to mitigate the impacts of
local flooding; and

Improvements to the drainage systems on the following ROWs to limit local
flooding:

o Morton Avenue;

o0 Russell Street;

o Ojibway Parkway; and

o Sprucewood Avenue and Maplewood Drive.
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Additionally, the following projects previously identified within the study area will also
mitigate the potential impacts of high river levels:

e LRWRP retention treatment basin (RTB);

e Prince Road Trunk Storm Sewer Outfall and Pump Station;
e Detroit Street Trunk Outfall;

e Combined sewer separation program; and

e Private property basement flood protection measures.
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Introduction

Peak water levels in the Detroit River have risen significantly in recent years, peaking
during May 2020. These high water levels have had significant impacts on the City of
Windsor (City)’s coastal areas and municipal storm, sanitary and combined sewer
infrastructure.

Notably, high river levels in recent years have increased the volume of Inflow and
Infiltration (I&I) into the existing municipal sewer system through connections to the
Detroit River during dry weather periods. This increased I&I has ultimately affected
operations at the Lou Romano Water Reclamation Plant (LRWRP) as well as other critical
pieces of infrastructure across the City of Windsor (the City). The latest &l monitoring of
the LRWRP identified an approximately 50 percent increase of inflow volume in 2019
compared to 2014. This surge in treatment volume resulted in an approximately

30 percent increase in greenhouse gas (GHG) emissions over the City’s 2014 baseline
GHG inventory.

Beyond the increase in |&I to the treatment plant, high river levels have ultimately
reduced the capacity of the City’s drainage system. Extreme water levels within the
Detroit River have the potential to exacerbate the risk of flooding caused by heavy
rainfall events, similar to the basement and surface flooding experienced during the
severe storm events that occurred in 2016 and 2017.

The overall purpose of this study is to develop a flood risk profile for the West Windsor
area under extreme Detroit River water levels and to identify recommended flood
protection solutions. A climate risk assessment was prepared using the Public
Infrastructure Engineering Vulnerability Committee (PIEVC) protocol to evaluate the
impacts of extreme weather and climate change on coastal flooding in the West
Windsor study area. Solutions are targeted at reducing coastal flooding, and 1&I into the
municipal infrastructure system due to extreme Detroit River water levels.

Project Scope and Objectives

Extreme Detroit River water levels present a flood risk to the West Windsor area. Under
changing climate conditions, there is a risk that the frequency of extreme river levels
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may increase. Furthermore, extreme river levels combined with other extreme weather
events may exacerbate known flood risks.

The goals of the West Windsor Flood Risk Assessment are to:

1. Using the PIEVC Protocol, evaluate the vulnerability of assets within the study
area related to coastal flooding and I&I into the municipal sewer system caused
by extreme Detroit River levels;

Identify problem areas based on the evaluation of assets; and
Present recommendations to mitigate these flood risks.

Implementation of flood protection solutions developed through this study are
expected to improve the performance of the existing municipal infrastructure and
operations at the LRWRP during high Detroit River water levels. The recommended
improvements from this study will ultimately result in more sustainable municipal
infrastructure and will reduce the risk of both surface and basement flooding, including
reducing the impacts of high river levels on the treatment plant. The project objectives

are itemized as follows:

e Reduce the susceptibility of West Windsor to coastal flooding;

e Reduce the impact of increased I&I into the municipal system from high Detroit
River water levels;

e Improve the performance of the existing infrastructure during high water levels
and reduce peak flows at the Lou Romano WRP;

e Provide more sustainable municipal infrastructure; and,

e Reduce the risk of surface and basement flooding.

PIEVC Approach and Process

The Study was completed in accordance with the PIEVC protocol. The Protocol is a step-
by-step methodology of risk assessment and optional engineering analysis for evaluating
the impact of a changing climate on infrastructure. The PIEVC protocol is one of several
ISO 31000 compliant climate change risk assessment (CCRA) frameworks meeting
Infrastructure Canada’s Climate Lens requirements. The protocol, currently managed by
the Climate Risk Institute and the Institute for Catastrophic Loss and Reduction, was
developed between 2005 and 2012 by Engineers Canada in partnership with Natural
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Resources Canada. The Protocol is a structured, rigorous quantitative process to assess
the risks and vulnerabilities of infrastructure or infrastructure systems to current and
future extreme weather events and climatic changes.

The PIEVC Protocol is comprised of a five step process. Within each step of the process,
recommended tasks are designed to allow the Protocol users to adequately prepare for
and manage the project, and to produce reliable outputs.

Step 1 - Project Definition

This stage of the process requires an assessment and finalization of project parameters.
This includes preparation for the project, including identification of infrastructure for
assessment (existing or new) and determination of assessment scope, including budget,
timeline, and participants. Additional project definition includes:

e Define structural and non-structural infrastructure components;

o Define climate parameters of interest/concern;

e Define future climate period(s) of interest;

¢ Define geographic location and boundaries;

e Develop risk levels and scoring (e.g., five or seven point scale); and
¢ Identify high, medium and low risk scores.

Step 2 — Data Gathering and Sufficiency

Once the project scope and boundaries were defined, the project team worked with
infrastructure owners and operators to secure documentation, drawings, maintenance
schedules, jurisdictional constraints, codes and standards, etc.

In this Step, climate parameters were defined and climate thresholds were identified, in
relation to infrastructure/component damage or failure. For each climate parameter,
the threshold at which infrastructure performance is affected was identified based on
design guidelines, operating and maintenance procedures, standards and professional
judgement. Both historical climate data and future climate projections were evaluated
to identify the probability that each threshold may be exceeded within the study time
horizon. Consultation with key stakeholders (e.g., operators and managers) was an
important part of this stage of the process.
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Before entering Step 3, a data gap analysis was completed to verify that there were
sufficient data to move forward with the risk assessment.

Step 3 — Risk Assessment

The risk assessment Step includes the quantitative analysis of risk, using the following
two term equation:

Risk = Probability (P) x Severity (S)

An assessment of interactions among defined assets/components and climate hazards
was addressed first. This was completed by conducting a yes/no analysis to identify
whether each climate parameter was likely to affect the asset.

Next, the Probability scores for exceedance of climate thresholds were developed for
both current and future climate conditions. Then, Severity scores were developed for
each asset/climate interaction. Risk assessment workshops were completed with asset
owners and operators to gather feedback on the Severity scoring values.

Risk scores were calculated for all climate/component interactions and documented in
risk matrices. Matrices were developed for both current climate conditions and the
future climate conditions. Of greatest concern are increases in risk scores from current
to future climate conditions, especially where the risk level is shifted into the high
category. High risk interactions require earlier and possibly immediate adaptation
action.

Step 4 — Engineering Analysis

This is an optional Step within the PIEVC protocol. The need to complete this step is
determined from the risk assessment results. Typically, the Engineering Analysis is
completed only for assets that are characterized with high risk. However, assets with
interactions characterized by very low likelihood but very high consequence, or vice
versa (also called “special cases”) may also be evaluated in this Step. Other assets
characterized by very high risk, or that are critical components to infrastructure
functionality, may be evaluated in this Step as well. The analysis involves quantifying
the quantifying both the magnitude of each climate parameter and the capacity of each
asset to accommodate it. Vulnerabilities are identified where infrastructure has
\insufficient capacity to withstand the anticipated loads from the evaluated climate

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



Introduction 5

—

parameters. Infrastructure is resilient when it has sufficient capacity to withstand
increasing loads caused by climate change.

Step 5 — Conclusions and Recommendations

This Step includes the development of adaptation measures or solutions, designed to
address medium and high risks, and some of the “special cases”. These can include
structural modifications, design requirements (e.g., loading factor changes), policy and
procedure recommendations, and nature-based solutions.

PIEVC Outputs

1.3

PIEVC outputs include a list of assets/asset components and their associated risk
profiles, showing how risk changes over time, and which assets are at greatest risk now
and into the future. Prioritization of action typically follows the risk assessment:
medium and high risk assets and components should be addressed sooner than low risk
components. Additionally, timelines for adaptation action can be derived from risk
profile results — assets for which risk increases slowly over the timeframe(s) in scope
may be able to be addressed later in the future; whereas for assets at risk now and with
increasing risk in the future, adaptation action should be taken in the more immediate
future.

Adaptation solutions, as developed in Step 5 of the PIEVC Protocol, are designed to
support risk mitigation. Implementation of these measures, in the timeframes
recommended, should work to reduce risk scores —aiming to reduce the consequence
of impact, and improving the time it takes to bounce back from a climate hazard event.

Assumptions and Limitations

A risk assessment provides a snapshot in time of the overall system vulnerability and
resiliency. This is based on the information available to the study team as of May 2022,
including reports, modelling results, mapping, discussions with staff, professional
experience of team members and workshop participant comments. The risks scores
calculated in this assessment are based solely on the current state and capacity of assets
(i.e., not taking into account future replacements, modifications, or degradation).

This report was prepared by Dillon Consulting Limited (Dillon) for the sole benefit of the
\_ City for the purposes outlined in our approved scope of work. The material in this report
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reflects Dillon's best judgment in light of the information available at the time of
preparation. Any use which a third party makes of this report, or any reliance on or
decisions made based on it, are the responsibilities of such third parties. Dillon accepts
no responsibility for damages, if any, suffered by any third party as a result of decisions
made or actions based on this report.
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Project Definition (PIEVC Step 1)

The first step of the PIEVC protocol is the development of the project definition, which
outlines the scope of the climate change vulnerability assessment. Step 1 includes the
following components:

¢ ldentify the existing infrastructure to be evaluated for climate change
vulnerability;

e Identify the climate parameters that will be considered in the evaluation;

¢ |dentify the time horizon for projecting future climate trends and evaluating the
infrastructure;

e Describe the study area geography; and,

e lIdentify jurisdictions, laws, regulations, guidelines and administrative processes
that are applicable to the infrastructure included in the assessment.

Each of these components is discussed in further detail in the following sections and the
completed PIEVC Worksheet Step 1 is presented in Appendix A.

Infrastructure Included in Assessment

An infrastructure asset list was developed based on available City of Windsor GIS
information, mapping, and input from City and stakeholder staff to document the assets
within West Windsor to be evaluated through the PIEVC assessment. The infrastructure
included in the West Windsor Flood Risk Study includes infrastructure at risk of
experiencing impacts from riverine and pluvial flooding, including storm, sanitary,
combined sewers, the LRWRP (not including internal plant operations), and key adjacent
city and third party assets (schools, parks, arterial roads, etc.).

The PIEVC Protocol is scalable and can be applied to different levels and scales of
infrastructure assessment. Considering the purpose of the study, the significant
geographic coverage, and the depth and breadth of analysis required for each
infrastructure asset included, this study identified infrastructure classes (e.g., combined
water and storm water assets), and specified infrastructure assets (e.g., combined
sewers) for inclusion.
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The following infrastructure classes were included in this study:

e Storm, Sanitary and Combined conveyance assets;
e End-of-pipe wastewater systems assets;

¢ End-of-pipe stormwater systems assets;

e Shoreline stormwater and flood protection infrastructure;
e Transportation assets;

e Institutional buildings;

e Park assets;

e Energy and communications infrastructure;

e Residential buildings;

e Commercial buildings; and

e Industrial assets.

Climate Parameters

2.3

Climate parameters are defined by climate trends and weather events that are
considered through the PIEVC assessment to assess infrastructure vulnerability. For the
West Windsor Flood Risk Study, both the direct effects of high Detroit River levels and
the combined effects of high river levels with severe rainfall events were identified as
the main concerns. Additional climate parameters were also considered, including
extreme winds, ice storms, and freeze/thaw cycles. A comprehensive list of the climate
parameters considered in the West Windsor Flood Risk study is provided in the PIEVC
Worksheet presented in Appendix A.

Time Horizon

The Study time horizons for the West Windsor Flood Risk Assessment are based on:

e Expected service life of infrastructure and components;
e Consideration of climate “normals” — a meteorological record of 30 years; and
e Uncertainty of future climate change projections.

For this Study, 30-year time frames were selected to balance the considerations
between expected service life of individual components, the standard averaging period

\ for climate data, and future climate uncertainty. Climate hazard projections for 2050
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and 2080 were then developed for the West Windsor Flood Risk Study. As part of this
initial assessment, the following process was used:

e Climate hazard probabilities based on average climate conditions for baseline
normals period (1981-2010, the official and most recent available); and

e Climate change projections compiled for the time period of 2041 to 2070 (i.e.
2050), and 2071 to 2100 (i.e., 2080).

The climate change projections were developed using the full Coupled Model
Intercomparison Project 5 (CMIP5) ensemble of 37 Global Climate Models (GCM)
released by the Intergovernmental Panel on Climate Change (IPCC) (2013).

Study Area Geography

The Study Area for the flood risk profile is generally bounded by the Detroit River to the
west, Huron Church Road and Ambassador Bridge to the north, the Essex Terminal
Railway and College Street to the east, and the Town of LaSalle municipal boundary to
the south.

The LRWRP is located within the Study Area, but its service area extends beyond the
Study Area limits and includes a portion of the Town of LaSalle. The service area within
the City includes approximately 420 km of sanitary sewers, 46 km of storm sewers and
184 km of combined sewers. Within the service area, there are approximately 25 storm
gravity outlets with connections to the Detroit River and 28 CSOs with either
connections to the respective storm system or direct outfalls to the Detroit River. The
sanitary and combined sewer systems include ten pumping stations. A map of the Study
Area is shown in Figure 1.

As shown on Figure 2, the Study Area was divided into three zones based on the
predominant land uses, average elevation, and local sewer servicing, as follows:

e Zone 1is the northeast portion of the Study Area and includes Sandwich Street
West and the inland neighborhoods to the east. The ground elevations within this
zone are typically 4 m or more above the Detroit River shoreline. The land use
within this zone is primarily a mix of residential and industrial. Approximately 46%

of the total area is residential, 32% is industrial and the remaining balance is
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institutional and commercial. The wastewater servicing for most of this area is
primarily provided by combined sewers, though sewer separation has been
completed in some areas south of Brock Street. The LRWRP is located within this
zone along Ojibway Parkway.

e Zone 2 includes the shoreline properties located along the Detroit River, west of
Russell Street and north of Broadway Street. The land-use in this zone is primarily
industrial. The Riverside Drive interceptor trunk sewer generally follows the
Russell Street right-of-way (ROW) and conveys wastewater from central Windsor
to the LRWRP. The average ground elevations in Zone 2 are significantly lower
than Zone 1, with portions of the shoreline properties lower than the current
conditions 1:100 year Detroit River water level.

e Zone 3 includes the southern portion of the Study Area. Most of the properties in
this zone are industrial with wastewater servicing provided by a separated
sanitary sewer system that drains to the LRWRP. A sanitary forcemain on Ojibay
Parkway conveys wastewater from the Town of LaSalle to the LRWRP. Stormwater
servicing for most of this area is provided by roadside ditches. Stormwater runoff
from this area is shown to drain both directly to the Detroit River and to Turkey
Creek. Similar to Zone 2, the average ground elevations in Zone 3 are typically
lower than Zone 1, with portions of the shoreline properties lower than the
current conditions 1:100 year Detroit River water level.

The Study Area topography generally slopes from east to west, towards the

Detroit River, and from north to south. The highest ground elevations are
approximately 185 m and are located near the northeast portion of the study area. The
lowest ground elevations are less than 176 m and are located along the Detroit River
shoreline.

Based on the information presented on the Soil Map of Essex County, the soils within
West Windsor are predominately Burford Loam, with patches of Berrein Sand and
Granby Sand.

Jurisdictional Considerations

In accordance with the PIEVC process, the various laws, regulations, guidelines and
administrative processes that apply to the infrastructure within the West Windsor study
\_ area have been documented in the PIEVC Worksheet presented in Appendix A.
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Data Gathering and Sufficiency (PIEVC Step 2)

This step involves information gathering and data set development. For Step 2, the
following tasks were completed:

Development of asset listings based on potentially affected infrastructure
previously scoped and identified in Step 1. A site visit and interviews with key
City staff were completed to support the development of the overall asset list;
Development of climate hazard listings, including 1:100 year flood levels for
current and future timeframes, as well as extreme rainfall events that have
resulted in urban flooding impacts; and

Evaluation of the existing infrastructure performance under the identified climate
hazards.

Corresponding PIEVC Step 2 Worksheet is presented in Appendix A

Background Documents

The following background reports and studies relevant to the Study Area were reviewed
by the Project Team as part of this study:

Windsor Port Authority Climate Change Risk Assessment (Dillon, 2021);
Windsor Sewer and Coastal Flood Protection Master Plan (Dillon, 2020);
ERCA Floodplain Prioritization Study Report (Dillon, 2022);

City of Windsor Official Plan, Municipal Cultural Master Plan (2010);

Prince Road Sewer Study (Stantec, 2001);

Windsor Riverfront West CSO Control “Schedule C” Class EA (Stantec, 2019);
Functional Design Report - Sanitary Sewerage and Stormwater Drainage -
Malden/Prairie Grass (Dillon, 1993);

Ojibway Sanitary Sewer Infrastructure Rehabilitation Needs Study (La Fontaine,
1992);

ERCA Shoreline Management Plan (N.K. Becker, 1986);

Ontario Ministry of Natural Resources Great Lake Systems and Water Related
Hazards and Other Extreme Lake Levels (1989);

\ e Windsor Archeological Master Plan (CRM Group, 2005);
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e Proposed Sewer and Sanitary Sewer Prince Road (Golder, 1986);

e Prince Road Trunk Storm Sewer Study (James F. Maclaren, 1978a); and,

e Interim Report on Investigations of the Ojibway Sanitary Sewerage Area (James F.
Maclaren, 1978b).

Climate Analysis Methodology

The risk assessment necessitates the analysis of both historical and future climate
information. Historical climate information serves two key purposes:

1. Provides a baseline for historical operating conditions for the assets under study;
and,

2. Provides a reference point to establish necessary context for climate change
projections (i.e., how far will changes in climate deviate from current
conditions?).

From a climate change perspective, a historical background investigation is critical to
providing a point of reference for climate change information. Historical and recent
climate conditions can indicate the type of operating environment which has already
interacted with the assets under this study. Based on previous experience, climate
projections can provide little value unless the projected changes are provided within the
context of these current operating conditions.

Historical Data

The majority of historical climate baseline information used in this project was derived
from climate observations at climate stations available representing climate near the
assets being evaluated. A meteorological record of 30 years (1981 to 2010), a so-called
“climate normals” period, was used for historical baseline data calculations. Historical
climate data was obtained from Environment and Climate Change Canada using the
Windsor International Airport location. Additionally, river level data was obtained from
the US Army Corps of Engineers for the Fort Wayne station.

Climate Change Projections

Having established a historical baseline, the analysis then required guidance to assess

potential changes in key hazards and climate parameters under a changing climate. The
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methodology employed here uses the “Delta” or change factor method to both
downscale GCM projections to the local scale needed for decision making, and to
account for climate model biases. This method assumes that future changes to the
climate of the study location will mainly be driven by changes to the climate at coarse
scales and that relationships between variables at the local scale are assumed to remain
relatively constant in the future period. Most studies indicate that credible climate
change projections at the local to regional scale are highly contingent upon GCMs being
able to faithfully represent the large-scale processes and relevant features of the
climate system (IPCC, 2013).

This method of model bias correction and downscaling is able to make use of many
models — called a “multi-model” ensemble — with the reliability of the outputs being
much improved over the use of any single, higher resolution model. The selection of a
single model or a small subset of climate models has the potential to lead to costly
maladaptive decisions, particularly since the use of ensembles helps to moderate the
effects of differing assumptions inherent in each model.

Employing this method, this study used an ensemble of all Fifth Assessment Report
(AR5) global climate models initially released by the Intergovernmental Panel on Climate
Change (IPCC) in 2013, with outputs for the climate parameters of interest and
representative of the Windsor region. First, average climate conditions were obtained
for the baseline normals period (1981-2010, the official and most recent available), and
then the average change in climate conditions for the future periods (i.e., 2050s and
2080s) were obtained from the multi-model ensemble. The change from baseline to
future produced by the model ensemble was then added to the actual historical station
observations. This method avoids any inherent model biases by only considering the
change — or “delta” — of the projections and adding this to the analyses of the
historically observed climate.

From an ensemble of 37 GCMs, the grid point value corresponding to the City location
was selected. Grid point size differs between models but is approximately

150 km x 150 km when all models are re-gridded to a common scale prior to averaging.
The use of an ensemble of models is approved by the IPCC (2013). In effect, this method
applies a climate change factor to a baseline high resolution observation (i.e., station
corresponding to the Windsor study area) to estimate future climate conditions.
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Climate Projections for Complex Hazards

3.3

Complex hazards, meaning those that are characterized being highly localized (with
respect to model grid scales described above), short duration, extremes, and/or
combined or concurrent (synergistic) events, require specialized studies and are not
directly available as raw outputs from GCMs. In these cases, future climate conditions
for the Windsor area were derived from specialised studies available in the
peer-reviewed published literature (e.g., Cheng et al., 2012, 2014 for high winds and ice
storms; Diffenbaugh et al. 2013 for changes in severe thunderstorm activity). Where
projection guidance was not available in any form, professional judgement was applied
based on an integration and assessment of all available guidance (e.g., trends in
parameters contributing to a given hazard) and the climate expertise of the Dillon team.

In particular, a comprehensive review of all climate change and Great Lakes level studies
undertaken by Canada or the United States since 2011 was used to assess and update
the future lake level projections provided for the earlier Riverside East and Windsor Port
Authority PIEVC risk assessments. Several new water level studies were reviewed that
included either more recent climate change models, a greater number of climate change
models, added regional scale climate modelling results, more GHG emission
assumptions and/or improved lake dynamics modelling.

Detroit River Water Levels

A hydrologic analysis was completed to estimate the 1:100 year Detroit River flood level
for the West Windsor study area. The 1:100 year flood level is the sum of the mean river
level and storm surge with a combined probability of a 1:100 year return period (i.e., on
average, has a 1 percent probability of occurring in any given year or on average once in
100 years). A detailed description of the hydrologic analysis is provided in the Climate
Data and Analysis Summary presented in Appendix D.

Provided below is a brief description of the methodology and results of the hydrologic
analysis.

Previous Studies

The Great Lakes System Flood Levels and Water Related Hazards report (OMNR, 1989)

provides estimates of the 1:100 year flood level at several locations along the Detroit
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River. The West Windsor study area is shown to fall within river reach DR-3 of the
OMNR report which has a reported 1:100 year flood level of 176.0 m (IGLD’85).

The International Great Lakes Datum 1985 (IGLD’85) is often used with respect to water
levels and bathymetry, and Geodetic Datum (CGVD) is often used with respect to
topographic survey and LiDAR data. It is important to recognize that there is a slight
difference between IGLD’85 and Geodetic at the project location. At Tecumseh, the
closest site where this datum discrepancy is defined, IGLD’85 is 0.01 m lower than
Geodetic. Survey data can therefore be adjusted using the equation below:

IGLD’85 — CGVD = 0.01 m

The MNR study states that no climate change considerations were included in the
estimate of these 1:100 year flood levels.

Historical Water Level Data

The National Oceanic and Atmospheric Administration (NOAA) Detroit River Gauge at
Fort Wayne (Station # 9044036) is located on the opposite bank the river from the West
Windsor study area. As shown on Figure 3, the gauge is located in the United States,
approximately 600 m from the West Windsor shoreline. Hourly water level
measurements were available for this gauge for the historical period from 1970 to 2021.
The data from this gauge was determined to be the most accurate available information
at this time for extreme water level analysis due to the fact that:

e The gauge is located close to the study area, and consequently the measured
water levels should be representative of the river conditions in West Windsor;
e The available period of record spans approximately 50 years, which should
provide sufficient data to accurately estimate the 1:100 year water level; and,
e The data set is reasonably complete with few gaps.

The long-term average of the recorded water level measurements is 174.94 m, IGLD’85.
The maximum measured water level was 175.87 m, recorded in July of 2019. A
probability of exceedance curve developed based on the historical data suggests that
the recorded water level exceeds 175.6 m just under 1% of the period of record, and
175.7 m approximately 0.1 % of the time.
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Extreme Value Analysis

An extreme value analysis (EVA) was completed on the Fort Wayne gauge data to
identify peak water levels for the Study Area. The EVA defines the cumulative
probability distribution using several statistical distributions. The results of the EVA can
be used to define extreme values for a variety of defined return periods.

To reduce the dataset, the maximum monthly water levels were used as the inputs for
the EVA. The cumulative probability distribution was estimated using four statistical
distributions:

e General Pareto Distribution;

e Generalized Extreme Value Analysis (GEV);
e Weibull; and

e Log-Normal.

As summarized in the following table, each distribution shows a strong correlation
(r-squared value) with the peak gauge data. However, the Weibull and GEV distributions
are shown to have the best fit with the lower frequency (higher return period) events.
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Table 1: Summary of Extreme Value Analysis Fort Wayne (Station #9044036)

Water Level (m, IGLD’85)

I;cee'::lor; GE?;:?;E;L‘:O G?‘E?(:rr:rl\;z: ’ Weibull Log-Normal
Value

175.76 175.62 175.63 175.63
175.79 175.66 175.67 175.67
5 175.83 175.76 175.79 175.79
10 175.85 175.81 175.86 175.88
20 175.86 175.86 175.93 175.95
25 175.86 175.87 175.95 175.97
50 175.86 175.90 176.01 176.04
100 175.87 175.93 176.07 176.11
r? value 0.991 0.999 0.998 0.997

Existing Condition 1:100 Year Detroit River Water Level

As part of this analysis, the EVA results were compared with peak values from the 1989
MNR study. The GEV distribution was identified to have a better fit with the peak data,
and the Weibull distribution being shown to be more consistent with the previous study
by MNR. Both distributions are shown to have a close correlation with the monthly
maximum.

Although the MNR study does not mention which cumulative probability distribution
was used to estimate the peak water levels, the Weibull distribution was likely used
since it was a commonly used probability distribution at the time of the study
publication. Based on this assumption and the findings noted above, the EVA results
using the Weibull distribution for the West Windsor Flood Risk Study was selected as
the preferred.

Based on the historical data, the Detroit River 1:100 year water level was estimated to
be 176.1 m, IGLD’85 for the purposes of this study.

N
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Climate Change 1:100 Year Detroit River Water Level

A review of five recently published studies that predict the effects of climate change on
the Great Lakes was completed to assess how peak water levels on the Detroit River
may change in the future. Each study used a different analysis methodology with varying
conclusions. The review results identified four common trends:

1. All of the reviewed studies acknowledged that the interactions of the factors that
influence the Great Lakes water levels are very complex;

2. All of the studies recognized that there is uncertainty associated with predicting
future lake levels and that these uncertainties increase the further along you
predict into the future;

3. Rapid changes due to low lake levels to high lake levels and vice versa can be
anticipated; and

4. All of the studies predicted an inverse correlation between global future
greenhouse gas emissions and lake levels. Increasing GHG emissions are shown to
be linked to lower future Great Lakes water levels.

Each of the reviewed Great Lakes studies relied on the results of different climate
models and considered different scenarios to predict future lake levels. As a result, each
study provided a range of future water level predictions based on different assumptions.
Most of the climate models generally predict that lake levels will likely decrease in the
future.

However, for the West Windsor Flood Risk Study a conservative estimate of the future
flood elevations is required to address the considerable uncertainty associated with
these predictions, and develop a design elevation for proposed flood protection
solutions. Based on the reviewed climate change studies, the highest reasonable
predicted increase in peak water levels is shown to be approximately 20 cm.

Adding this increase to the existing condition water level calculated from the extreme
value analysis results in a future condition 1:100 year Detroit River water level of
176.3 m IGLD’85 for the purposes of this study.
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Climate Parameters/Hazards

The climate hazards considered in the PIEVC assessment are described in the following
sections.

Precipitation/Drainage/Flooding Events

3.4.1.1

These types of events are climate hazards capable of causing primary or direct impacts
to critical infrastructure. These factors include high water levels (river), multi-day rainfall
events, and combination probability events (high water level and rainfall events).

High Water Levels

3.4.1.2

The extreme river levels used in the risk assessment and the methodologies used to
develop them are documented in Section 3.3 of this report.

Rainfall Events

3.4.1.3

Two rainfall events were considered as part of this Study; Major (1:100 year storm,
82 mm) and Minor (1:5 year storm, 50 mm) events. These events were used to model
and evaluate the performance of the infrastructure systems.

Climate change projections indicate that both events show significant increases in
likelihood under climate warming. In particular, the 82 mm event, currently considered
the Major or 1:100 year storm, is projected by mid-century to increase in frequency by
over 3 times, reducing it to an approximate 1:30 year return period. The 82 mm stormis
also expected to increase in frequency towards the end of the century, roughly
equivalent to a

1:15 year return period by the 2080s. These rainfall projections were based on the
Clausius-Clapeyron (C-Clap) temperature scaling method (Ball et al., 2016), as described
in the Climate Data and Analysis Summary presented in Appendix D.

Combined Probability Events

The combined events considered for this study include simultaneous occurrence of high
water levels and rainfall events. The variety of climate and hydrological/hydraulic
processes operating at different time scales and influencing lake levels suggest that it is
not reasonable to determine whether patterns influencing heavy precipitation events
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are linked to other conditions that influenced high to extreme lake levels. It is also
uncertain how these relationships would change when considering climate change.

For the purposes of this Study, a local analysis was undertaken to determine whether
there is any relationship between extreme precipitation events and extremes of water
levels and the impact on flooding. The extreme precipitation events were compared
against water level observations at two locations: St. Clair Shores and Fort Wayne.

Based on the statistical analyses conducted for rainfall and extreme lake level events, it
was concluded that combined event probabilities can be treated as statistically
independent events. Since extreme rainfall and high Detroit river levels can be treated
as statistically independent, their individual likelihoods are simply multiplied to arrive at
an overall likelihood of simultaneous occurrence for both events.

Secondary and Long-Term Impacts

Additional hazards and secondary climatic events were investigated for their potential
to cause long-term (gradual) damage to drainage and shoreline protection
infrastructure or exacerbate impacts to drainage and sanitary systems (e.g., through
reduced or blocked surface transportation access, loss of power to treatment plants and

pumps, etc.).

3.4.2.1 Shoreline Erosion
As part of the background investigation, no historical database of shoreline erosion for
the Detroit River was found. The respective impacts and rate of change therefore could
not be statistically evaluated. However, through City staff interviews, stakeholder
consultation as well as the County of Essex Hazard Identification and Risk Assessment
(HIRA) (County of Essex, 2019) indicated significant concerns regarding shoreline
erosion. This was therefore included as a key hazard consideration within the findings of
the flood assessment.

3.4.2.2 Weathering

Many municipalities and other infrastructure and asset owners across Canada have
suggested that weather related deterioration of assets may have accelerated in recent

years. The assignment of cause in these cases is difficult given other potential
\_contributing factors (e.g., under-investment in long-term asset maintenance), but these
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observations do highlight the importance of slow, creeping processes on the
degradation of critical assets.

The impact of freeze-thaw cycles relating to the weathering of critical assets were
evaluated based on laboratory tests of reinforced concrete samples. These tests indicate
that visible damage can begin after approximately 30 cycles (Sun et al. 1999; Ruedrich et
al,2011).

In summary, when considering both factors, while the total number of freeze-thaw
cycles decreases, this decrease is not substantial, and weathering from this process is
expected to continue through the rest of the century.

Ice Storms

At this time, there is no existing national database for ice storm events for Canada. As
part of this Study, research was completed to identify historical events through
literature review and media searches (Klaassen et al., 2003; Mclachlan and Smith, 1976).
A statistical analysis was then calculated based on these events and compared for
consistency against ice accretion design data in infrastructure standards (i.e., CSA 2010).
A downscaled climate projection of ice storm activity from the literature (Cheng et al.
2011) was then applied to future time periods. As part of this analysis, two thresholds
were used; 15 mm for when power outages tend to occur due to tree contacts from
large branches, and 25 mm, which is the minimum design threshold for overhead
systems.

Cheng et al. (2011) produced downscaled projections based on weather patterns
obtained for major historical ice storm events, which suggested a slight increase in
event frequency under warming climate conditions. A more recent study by Jeong et al.
(2019) is consistent with Cheng et al.’s (2011) earlier findings, indicating an increase in
50-year return period ice loads for a global average warming of 3°C or less. However,
results from Jeong et al. (2019) were not presented in a format allowing derivation of
the numerical event frequency values and changes. These findings are also in general
agreement with earlier research from Klaassen et al. (2003). The earlier study noted that
higher ice accretion values had occurred in recent decades for ice storm events
occurring immediately south of Canada-U.S. border in the states of Michigan and New

York. The same storm events tended to generate lower ice accretion values or heavy
\_ snowfall in adjacent areas of Ontario and Quebec. The study proposed that a poleward
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shift in storm tracks has the potential to increase significant ice storm events in adjacent
portions of southern Canada. However, it is noted that these changes in event
frequencies result in little future change for ice impacts compared to the baseline. For
example, the approximately 10 % projected increase in event frequency for 25 mm ice
storms still results in a low overall event frequency, increasing from 8 % per year to 9 %
per year annual probability.

High Winds — Severe Thunderstorms, Tornadoes

The consideration of high winds as part of this study used two different thresholds for
the analysis; Gusts in excess of 120 km/hr (year round, localized severe thunderstorm
driven winds, and tornadoes of EF2 and higher intensity.

Wind Gusts - All Event Types

A threshold of 120 km/h was used to help identify potentially high impact wind cases
that may result in significant secondary impacts to critical services such as electrical
power and surface transportation. A statistical analysis was completed based on data
directly from wind observations at Windsor Airport and cross-referenced with the
Detroit Wayne County Airport data.

At this time, wind gusts are not directly available as outputs from a global or regional
climate models. Guidance from specialized downscaling studies available within the
literature Cheng et al. (2012) and Cheng et al. (2014) conducted a number of statistical
downscaling climate projection studies using approaches similar to the work referenced
earlier for ice storm events. Their findings indicate potential increases in the number of
days with wind gusts exceeding damaging thresholds. Recent research using a smaller
set of regional climate models by Jeong and Sushama (2019) also support the potential
for increases in wind gust frequency and more year-to-year variability in extreme wind
gusts by the end of the century.

Tornado and other Localized Severe Thunderstorm Winds

Severe thunderstorm winds were evaluated using a review of Environment and Climate
Change Canada (ECCC) storm spotter damage reports (Chadwick, 2005), media searches
and case study review of high impact historical events. The frequency of occurrence,

specifically how often severe thunderstorm wind damage is reported, but not detected
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at Windsor Airport, was used to estimate the true prevalence and frequency of these
events.

Tornado frequency was evaluated using the National Tornado Database (Cheng et al.
2013) and counting all tornadoes above the defined thresholds that occurred anywhere
within the City of Windsor. Most large tornadoes affecting Windsor have crossed the
Detroit River (in one case twice), when entering/exiting the City, and so the total
frequency is representative of events which could impact shoreline assets and
properties directly.

Due to the extremely complex nature of tornadoes and other severe thunderstorm
related hazards, understanding the effects of climate change on their behaviour has
shown to be challenging. Unlike other hazards, tornadoes are the result of a
combination and balance of a set of meteorological conditions, which at least partly
explains their rarity compared to other atmospheric hazards. Only recently have
detailed studies of climate change effects on severe thunderstorm activity been able to
provide some indication of the potential impacts of climate change on tornado hazards
over the North American continent.

Recent studies of historical tornado activity trends in the United States indicate no
discernable changes in total frequency of tornadoes over recent decades, but a
decreasing trend in the total number of days experiencing tornadic activity (Brooks et
al., 2014). However, several climate change projection studies using both previous IPCC
Fourth Assessment Report (AR4) and AR5 era global climate models (Trapp et al. 2007;
Diffenbaugh et al. 2013) indicate the potential for significant increases in the number of
days with favourable conditions for severe thunderstorm outbreaks (including
tornadoes). This suggests that the frequency of these events may increase in some
regions.

More recent research on trends in tornado activity in the United States. (Strader et al.,
2017; Gensini & Brooks, 2018) indicate both historically recent and future projected
shifts in conditions conducive to tornado occurrence, which are of potential relevance
to the City of Windsor and surrounding areas. Gensini and Brooks (2018) also report an
observed increase in days with potential for significant (i.e., EF2 or stronger) tornado
development in northeastern North America over the past approximately 40 years.
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Existing Drainage Infrastructure Assessment Summary

A hydrologic/hydraulic assessment was completed to evaluate the performance of the
existing drainage infrastructure. The assessment process is detailed in Appendix E and a
brief summary is provided below.

The hydrologic/hydraulic model completed as part of the Windsor SCFPMP was used as
to develop baseline conditions for the current analysis. The modelling analysis was
completed using the Infoworks-ICM modelling package, distributed by Innovyze. While
the Windsor SCFPMP Infoworks model takes into consideration high water levels as a
downstream boundary condition for the sewer system and at CSO outfalls, it does not
simulate overland flooding along the shoreline due to high water levels. The model is
not set-up to simulate the effects of dynamic wave action in addition to fixed high
Detroit River water levels.

For the purposes of this study, the existing conditions calibrated Windsor SCFPMP
hydrologic/hydraulic model was used to complete the analysis. The model represents
the City infrastructure condition as of 2020, and City administration confirmed that
there have been no subsequent changes to the infrastructure in the Study Area.
Boundary conditions, in the form of fixed water levels at sewer outfall locations in the
Detroit River, were updated for the current analysis, as summarized below:

e 1:100 year return period —176.10 m; and
e 1:100 year return period (considering impacts of climate change) — 176.30 m.

To remain consistent with the original modelling approach used for the SCFPMP, the
original design storm events from the SCFPMP were used for the analysis within this
Study. The objective of the modelling analysis was to evaluate flood risk during a
number of joint probability events. These scenarios evaluated the estimated flood risk
and respective impact on municipal infrastructure that could occur under a
simultaneous high water level and synthetic design rainfall event on the watershed.
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Under the existing conditions analysis, the following modelling scenarios were
evaluated:

e 1:100 year return period water levels in Detroit River occurring concurrently with:
o 1:5year return period design storm event; and
o 1:100 year return period design storm event.
e Low water levels in Detroit River occurring concurrently with:
o 1:5year return period design storm event; and
o 1:100 year return period design storm event.

The design storm events for this analysis used 4-hour synthetic rainfall events with
10-minute time intensity intervals using the Chicago distribution.

Evaluation Criteria

For the current analysis, the Level of Service (LOS) criteria developed through the
Windsor SCFPMP were used to evaluate the performance of the existing drainage
infrastructure. The flood risk due to each joint probability event was analysed using the
HGL elevations in the sewer systems, and surface flooding due to sewer surcharging.
Sewers are typically considered to be surcharged when the HGL elevation is above the
obvert of the sewer pipes.

The SCFPMP recommends that the HGL in sanitary and combined sewers to remain

1.8 m below the existing ground elevation. This 1.8 m was originally assumed to be the
approximately basement floor depth from ground. HGLs in the sanitary and combined
sewer systems above this elevation are shown to represent an estimated high risk of
basement flooding due to sewer surcharging. The Windsor SCFPMP recommends
surface flooding depth on roadways during a 1:100 year rainfall event are not to exceed
0.30 m.

Additionally, the SCFPMP recommends surface flooding depths on major roadways
(arterial and collector streets) during a climate change rainfall event to not exceed

0.30 m. Although this criterion has not been adopted regionally in the Windsor/Essex
Region Stormwater Management Standards Manual (December, 2018) or within the City
of Windsor Development Manual, it has been used for the current climate change
analysis for joint probability simulations when considering 1:100 year return period
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water levels within the Detroit River. This includes a sensitivity assessment to identify
roadway flooding when considering climate change impacts.

Existing Condition Modelling Results

Two modelling scenarios representing two joint probability event scenarios were
simulated using the 1:100 year return period water levels in the Detroit River as
downstream boundary conditions. Results from these simulations are represented in
Figure 4 and Figure 5.

Most combined sewers in Zone 1 are observed to be surcharged during the 1:5 year
return period rainfall event simulation. Storm sewers conveying stormwater runoff to
gravity outfalls are surcharged due to high water levels in the River backing up through
the sewers. The Riverside Drive interceptor sewer, shown on Figure 1, conveying
sewage from central Windsor to the LRWRP is also surcharged during the 1:5 year
simulation. The sanitary sewer system servicing industrial development in Zone 3 is also
surcharged, and HGL elevations in the system are estimated to be above the assumed
basement floor elevation. No significant surface flooding is observed along municipal
ROWs during the 1:5 year rainfall event simulation.

The outlet sewer from the LRWRP is surcharged during these simulations due to high
water levels in the Detroit River, potentially affecting operations at the LRWRP.

During the 1:100 year rainfall event simulation, a larger number of combined sewer
maintenance holes (MHs) in Zone 1 show an estimated higher risk of basement flooding,
with HGLs above the assumed basement floor elevation. In addition, a number of
sanitary and storm MHs in areas that are serviced by separated sewers are also
estimated in the model to have high HGLs throughout the system. Estimated surface
flooding along municipal roadways with depths great than 0.30 m are observed along
both Russell Street and Sandwich Street.
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Climate Change Drainage Infrastructure Assessment

3.6

As part of the climate change analysis, the following modelling scenarios were
evaluated:

e 1:100 year return period climate change water levels in Detroit River occurring
concurrently with:
o Existing 1:5 year return period design storm event; and,
o Existing 1:100 year return period design storm event.

The results from each joint probability event, with consideration of higher water levels
in the Detroit River due to impacts of climate change, show estimated higher HGLs in
the sewer systems. This is due to a higher tailwater effect caused by the higher water
levels within the Detroit River. Results for these simulations are represented in Figure 6
and Figure 7.

Correspondingly, the surface flooding extents along municipal ROWSs representing
flooding with depths estimated to be greater than 0.30 m are higher during the joint
probability event using 1:100 year rainfall event.

Flood Mechanisms

The following information was used to identify locations of estimated flood occurrence
during the simulated events and potentially why flooding occurs within the study area:

e Topographic mapping to identify areas below the Detroit River 1:100 year water
level;

e Computer aided modelling (Infoworks ICM) to assess the City’s sewer and
drainage networks; and

e Anecdotal observations of previous flooding from City operations staff and
stakeholders.

Four main types of flooding were identified to be linked to high Detroit River levels for
the West Windsor area based on investigation of the above noted items:

1. Direct Coastal Flooding — Potential to affect shoreline properties that are lower than

\ the anticipated peak Detroit River levels.
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2. Inflows to the Wastewater System — Coastal water due to high Detroit River levels
have the potential to flow directly into the combined system through CSOs and
catchbasins that are lower than the anticipated peak Detroit River levels.

3. Basement Flooding — Coastal waters during periods of high Detroit River levels are
not a direct cause of basement flooding, but can increase the extent and severity of
basement flooding by reducing the available capacity in the sewer network during
storm events.

4. Local Surface Flooding —Surface flooding during large storm events has the potential
to be further exacerbated due to limited available capacity in the local drainage
systems during high Detroit River levels.

Coastal Flooding

Coastal flooding is shown to affect lands that are currently lower than the 1:100 year
Detroit River level. These are properties located near the shoreline that are directly
flooded when the river levels are high. A topographic analysis was completed to identify
the areas lower than the target river levels as shown on Figures 8, 8a, 8b, 8c and 8d.

A summary of affected assets in the study area is presented in the following table.

Table 2: Infrastructure Affected by Coastal Flooding

Asset Class Description
Parks McKee Park

Black Oak Heritage Park
Roads Mill Street

Russell Street
Prospect Avenue
Sandwich Street
Morton Avenue
Shoreline Properties HMCS Hunter

WPA Lands
Shoreline Industrial Properties

Inflows to the Wastewater System

During periods of high water levels in the Detroit River, water from the coastline has the
potential to enter into the sanitary and combined sewer system at a number of CSO
locations. A review of each location and respective spill elevation in the West and Central
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Windsor region showed that most CSO spill elevations are lower than the historical
1:100 year return period water level in the Detroit River. These findings suggest that the
infrastructure would be at risk of taking in water during periods of high water level in the
Detroit River. The additional volume entering the sanitary/combined system during
rainfall events ultimately sends additional flow to the LRWRP for treatment. During heavy
rainfall events, flow to the treatment plant is high due to Rainfall Derived 1&I entering the
combined/sanitary system. The additional volume entering through backflow at CSO
locations further exacerbates the problem, resulting in surcharging at the treatment
plant. This causes sanitary and combined sewers to back up and increases the likelihood
of basement flooding due to sanitary/combined sewer surcharging within the LRWRP
service area. The impact at the LRWRP can also have the potential to cause excessive
surface flooding in areas serviced by combined sewers.

Basement Flooding

Basement flooding occurs during wet weather events when the water level in the
municipal sanitary or combined sewer is higher than the elevation of the basement.
Runoff enters the wastewater system both through direct connections and through
sources of 1&I such as pipe joints and MH lids.

These inflows have the potential to overwhelm the wastewater system and cause
backups through existing building floor drains and into the structure. The likelihood of
basement flooding is therefore increased by extreme river levels due to a portion of the
capacity of the wastewater system being used up by river water.

Local Surface Flooding

Local surface flooding occurs during storm events when the local drainage system
surcharges due to insufficient capacity to convey incoming flows. Surcharging of the
conveyance system results in peak water level rising above the maximum design level in
the drainage system. Within a storm sewer, this is when water levels within MHs
exceed ground level elevations. For a ditch system, this is when the water level rises
above the top of bank. High river levels can exacerbate the local flooding condition by
reducing the available capacity of the local storm drainage system.

The results of the West Windsor flood assessment suggest that the following locations
\_are prone to local flooding which is likely to be exacerbated by high Detroit River levels:
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Morton Avenue — Existing roadside ditch inverts are estimated to be lower than
the Detroit River 1:100 year climate change water level. High tailwater elevations
have the potential to contribute to localized flooding during severe storm events.
Sprucewood Avenue and Maplewood Drive — Similar to Morton Avenue, the
roadside ditch inverts on Sprucewood Avenue are estimated to be lower than the
Detroit River 1:100 year water level. The ditches within this drainage system are
considered a designated municipal drain and a recent drainage report (Meritech,
2021) suggests that their capacity is very limited.

Ojibway Parkway — Anecdotal observations from Dillon project team members
suggests that prolonged surface ponding occurs on Ojibway Parkway during
moderate storm events.

Sandwich Street near McKee Creek — The available topographic information
suggests that the Sandwich Street profile near McKee Creek Drain is relatively
low. Drainage Reports reviewed for the McKee Drain suggests that the existing
drain capacity downstream of Sandwich Street is limited due to undersized
structures, sediment accumulation, and vegetation growth.

Russell Street — Existing roadside ditch inverts are estimated to be lower than the
Detroit River 1:100 year water level. Based on information provided by project
stakeholders, portions of the roadside ditches north of Chippewa Street
frequently contain standing water.
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Risk Assessment (PIEVC Step 3)

The purpose of the risk assessment is to identify conditions where the risks posed by
high Detroit River water levels result in adverse effects on assets within the study area
that may require flood protection solutions.

The probability of each climate occurring within the project 30-year time horizons was
estimated and assigned a corresponding probability score. Severity scores were then
developed for each asset category to quantify the anticipated consequences of flooding.
Risk scores were calculated for each asset/hazard interaction by multiplying the
probability and severity scores. A risk assessment workshop was completed with key
City staff and stakeholders to gather feedback and revisions on the preliminary
probability, severity, and risk scoring. Assets with high calculated risk scores were then
identified for further assessment in Step 4.

The supporting PIEVC worksheets are presented in Appendix A and a summary of the
risk assessment process is provided in the following sections.

Probability Rating Scale

As part of the climate change scenarios for the Study, climate hazards of concern were
developed by the PIEVC team and validated and revised through City staff interviews,
historical event research, and stakeholder workshop discussions. The climate hazards
included in the study are presented in the following table. The table also includes annual
frequency of the event, and a 30-year probability score based on a 7 point scale. Annual
frequencies and scores are presented for the current timeframe, and two future
timeframes (2050s and 2080s).
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Current 2050s 2080s
Estimated Estimated Estimated
30-Year 30-Year 30-Year
Probability Probability Probability
Hazard Threshold (%) Score (%) Score (%) Score
1:5 Year Storm >99 7 >99 7 100 7
Extreme
Rainfall
1:100 Year Storm 20 4 > 60 6 > 85 7
Current HWL 25 4 30 5 > 30 5
Extreme
River Levels .
Projected CC HWL 20 4 25 4 25 4
Current HWL
+1:100 Year Storm 7 2 12 2 26 4
Current HWL
+ 1:5 Year Storm 26 4 30 4 >30 >
Combination Projected CC HWL
Events +1:100 Year Storm 5 2 16 4 23 4
Projected CC HWL
+ 1:5 Year Storm 26 4 26 4 30 4
HWL + Wave Action
7 N 7 N 7
(freeboard) >95 /A /A
Major Ice Storm 25 4 30 4 25 4
Extreme Wind Event 80 6 85 7 85 7
Secondary
Impact Tornado - (E)F2+ 5 2 7 2 9 2
Events
Total Cycles 100 7 100 7 100 7
Freeze/
Th
aw 30 Cycle >99 7 >99 7 >99 7
Increments

\_

e Extreme air temperature (hot and cold);

e Heavy snowfall events and seasonal snow accumulation; and

e Rainfall plus hail combination events.
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As part of this assessment, several hazards were removed from consideration after
extensive stakeholder engagement and historical events research. These included:
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occurrence due to lack of reliable data.

Severity Rating Scale
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Other hazards removed from this assessment included shoreline erosion, river ice and
ice jam flood events, as they were not able to be statistically analyzed for frequency of

Storm Drain

age Infrastructure

To characterize the severity of climate change impacts, the PIEVC Protocol makes use of
a standardized impact scoring scale ranging from 0 to 7. As part of this study, the criteria
for assigning each severity rating was developed for each type of asset.

The criteria used to evaluate the severity of flood impacts on storm drainage
infrastructure is summarized in the following table.

Table 4: Storm Drainage Infrastructure Severity Ratings

Severity Original PIEVC Severity . L
. . Evaluation Criteria
Rating Descriptors
0 Negligible; Not applicable No Impacts
1 Very Low; Some measurable Regular use, peak flow < 50% capacity
change
2 Low; Slight loss of serviceability Regular use, peak flow > 50% capacity
3 Moderate loss of serviceability Peak flow approaching capacity limit (> 80%)
4 Major loss of serviceability; Several segments approaching capacity limit, one or two
Some loss of capacity nodes fully surcharged (but surface ponding < 0.3 m
above ground surface)
5 Loss of capacity; Some loss of Multiple conveyance segments fully surcharged,
function maximum ponding depth < 0.3 m above ground surface
6 Major: Loss of function Trunk storm sewers fully surcharged, one or more nodes
0.3 m to 0.5 m above ground surface
7 Extreme; Loss of Asset Multiple trunk lines fully surcharged, ponding at one or
more nodes > 0.5 m above ground surface

Lou Romano Treatment and Wastewater Drainage Infrastructure

is summarized in the following table.
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The criteria used to evaluate the severity of flood impacts on wastewater infrastructure
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Table 5: Wastewater Infrastructure Severity Ratings

Severity Original PIEVC Severity . L
. . Evaluation Criteria
Rating Descriptors
0 Negligible; Not applicable No Impacts
1 Very Low; Some measurable Peak flow/wastewater volume greater than dry weather
change flow
2 Low; Slight loss of serviceability Peak flow/wastewater greater than average annual
maximum
3 Moderate loss of serviceability Multiple maintenance access covers and drains partially
blocked
4 Major loss of serviceability; Multiple maintenance access covers and drains fully
Some loss of capacity blocked
5 Loss of capacity; Some loss of Flow at treatment plant approaching max capacity; Some
function pump stations no longer functioning, may require
significant repair
6 Major; Loss of function Treatment Plant Shut-Off — sewer back-up 10s of
properties; Individual pump stations damaged, needing
replacement
7 Extreme; Loss of Asset Treatment Plant Shut-Off — sewer back-up 100s
properties; Most pump stations destroyed or
offline - sewer back-up 100s properties
Shoreline Infrastructure

summarized

\_

in the following table.
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The criteria used to evaluate the severity of flood impacts on shoreline infrastructure is
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Table 6: Shoreline Infrastructure Severity Ratings

Severity Original PIEVC Severity . L
. . Evaluation Criteria
Rating Descriptors
0 Negligible; Not applicable No Impacts
1 Very Low; Some measurable Regular seasonal erosion/wear-and-tear on shoreline
change (soft soils)
2 Low; Slight loss of serviceability Excessive seasonal erosion, resulting in more mass loss
than usual
3 Moderate loss of serviceability Excessive seasonal erosion, resulting in need for greater
than normal maintenance
4 Major loss of serviceability; Water level begins to overtop unprotected shoreline
Some loss of capacity
5 Loss of capacity; Some loss of Water level beings to overtop protected shoreline;
function Erosion of unprotected shoreline will require repairs
(i.e., soil replacement)
6 Major; Loss of function Shoreline protection damaged with some assets requiring
significant repairs; levees or other riverine flood
protection begin to be overtopped
7 Extreme; Loss of Asset Shoreline protection destroyed with assets requiring
replacement; levees or other riverine flood protection
are overtopped resulting in standing water > 0.5 m deep
in formerly protected areas

Surface Transportation Routes

summarized

\

in the following table.
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The criteria used to evaluate the severity of flood impacts on roadways and railways is
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Table 7: Surface Transportation Route Severity Ratings

Severity Original PIEVC Severity . s
. . Evaluation Criteria
Rating Descriptors
0 Negligible; Not applicable No Impacts
1 Very Low; Some measurable Regular rainfall events
change
2 Low; Slight loss of serviceability Sufficient rainfall for ground saturation
. . Surface flow transports leaf litter, branches, etc. from
3 Moderate loss of serviceability i . . .
properties, partially blocking drainage
4 Major loss of serviceability; Temporary ponding in low lying areas (e.g., immediately
Some loss of capacity surrounding drains), maximum depth < 0.1 m
5 Loss of capacity; Some loss of Standing water < 0.3 m (for 1:100 year storm) or HGL >
function 0.3 m BGS (1:5 year storm)
6 Major; Loss of function Standing water 0.3 to 0.5 m above ground surface (1:100
year storm) - passenger/commercial vehicles may be
stranded; any partial erosion of roadbeds, embankments,
water crossing footings/foundations; Any
ponding/standing water from 1:5 year storm
7 Extreme; Loss of Asset > 0.5 m AGL depth - vehicles may become buoyant; Any
washouts due to any failure (e.g., culvert failures, road
bed erosion, slope failure, etc.) resulting in loss of one or
more lanes of traffic

Risk Assessment Workshops
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An initial internal risk assessment workshop was conducted with the project engineering
team leads from the City and Dillon to identify relevant climate-asset interactions (the
so-called “Yes/No” analysis) and to estimate preliminary numerical risk score values. The
results of this internal risk assessment were presented during a facilitated half-day
workshop with key City staff and stakeholders, at which the consulting team refined
scoring based on feedback and requested revisions. As per the PIEVC Protocol, future
risk scores were calculated based on current consequence/severity scores, and
projected future climate hazard probabilities. The risk assessment workshop
information is documented in Appendix B.
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4.4 Risk Scoring
The range of potential risk scores based on the product of the probability and severity
ratings is summarized in the following table. The risk scores were ranked as shown to
identify assets that require a response to address the corresponding climate hazard.
Table 8: Risk Scores
] Probability Rating
Severity
Rating
0 1 2 3 4 5 6 7
0 0 0 0 0 0 0 0 0
1 0 1 2 3 4 5 6 7
2 4 6 8 10 12 14
3 6 9 12 15 18 21
4 8 12 16 20 24 28
5 10 15 20 25
6 12 18 24 30
7 14 21 28 35
Low Risk — No further action
Special Case — Operation, planning and/or management response
Medium Risk — Requires monitoring, possible engineering analysis
- High Risk — Response required
4.5 Risk Assessment Results

A summary of the risk assessment results for each Zone in the Study Area is provided in

\the following sections.
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Zone 1
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The Zone 1 infrastructure components with high calculated risk scores associated with

the evaluated climate hazards is summarized in the following table.

Table 9: Zone 1 Risk Assessment Summary

Risk Score
Infrastructure Climate Hazard Potential Impact
Component
Current | 2050s | 2080s

LRWRP Extreme River Levels, Inflows to the 49 49 49

Combination Events, Wastewater System,

Extreme Rainfall Basement Flooding

Sandwich Street at Extreme Rainfall, Local Surface Flooding 35 36 42
McKee Creek Drain Combination Events
ETR Rail at Sandwich Extreme Rainfall, Local Surface Flooding 35 36 49
Street Combination Events
Felix Avenue — Extreme Rainfall Basement Flooding 35 36 42
Combined Sewer
Mill Street — Extreme Rainfall Local Surface Flooding, 24 36 42
Combined Sewer Basement Flooding
Riverside Drive — Extreme Rainfall Local Surface Flooding, 21 30 35
Combined Sewer Basement Flooding
Sandwich Street - Extreme Rainfall Local Surface Flooding, 42 42 42
Combined Sewer Basement Flooding
Canada South Science Extreme Rainfall Basement Flooding 35 36 42
City
West Windsor Mosque Extreme Rainfall Basement Flooding 42 42 42
Islamic Academy/St Extreme Rainfall Basement Flooding 42 42 42
Vincent de Paul
Society/Sandwich
Teen Action Group
Commercial and Extreme Rainfall Local Surface Flooding, 42 42 49
Residential Areas Basement Flooding
Serviced by Combined
Sewers
Major F.A. Tilston, VC, Extreme Rainfall Local Surface Flooding 49 49 49
Armoury and Windsor
Police Training Centre
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Risk Score

Infrastructure Climate Hazard Potential Impact
Component

Current | 2050s | 2080s
General Brock Public Extreme Rainfall Basement Flooding 35 35 35
School
Sandwich First Baptist Extreme Rainfall Basement Flooding 21 30 35
Church

With the exception of the LRWRP and the Sandwich Street ROW at McKee Creek Drain,
the risk scores at assets located in Zone 1 are not influenced by extreme Detroit River
levels. This result is expected since the ground elevations in most of Zone 1 are
significantly higher than the extreme river levels. Basement flooding and local surface
flooding caused by extreme rainfall events are the prominent potential impacts within
most of Zone 1. The risk assessment scores at many of these assets suggest increasing
potential risk of impacts due to climate change in the future.

High risks of impacts at the LRWRP are caused by extreme river levels, extreme rainfall
events, and combination events. Additional wastewater flows to the LRWRP caused by
these climate hazards could exceed the plant capacity, resulting in upstream basement
flooding.

The high risk on Sandwich Street and the Essex Terminal Rail (ETR) rail line at McKee
Creek Drain is due to the relatively low ground elevations at this location and the limited
capacity of the existing local storm drainage system.

Zone 2

The Zone 2 infrastructure components with high calculated risk scores associated with
the evaluated climate hazards is summarized in the following table.
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Table 10: Zone 2 Risk Assessment Summary

Risk Score
Infrastructure Climate Hazard Potential Impact
Component
Current | 2050s | 2080s
Prospect Avenue Extreme River Levels, | Coastal Flooding, Local 35 36 42
Extreme Rainfall, Surface Flooding

Combination Events
Windsor Salt (Prospect Extreme Rainfall, Local Flooding 42 42 49
Avenue) Combination Events
Russell Street Extreme Rainfall Local Surface Flooding 24 36 42
Mill Street — West of Extreme River Levels, Coastal Flooding 35 42 42
Russell Street Combination Events
McKee Road - Extreme River Levels, | Local Surface Flooding 35 42 42
Pumping Station Extreme Rainfall
McKee Creek Drain Extreme River Levels, | Coastal Flooding, Local 35 42 42

Extreme Rainfall Surface Flooding

Brighton Beach Extreme Rainfall Local Surface Flooding 49 49 49
Generation Station
Keith Transmission Extreme Rainfall Local Surface Flooding 21 30 42
Station - Hydro One
Chateau Park LTC Extreme Rainfall Basement Flooding 35 35 35
Great Lakes Institute Extreme Rainfall Basement Flooding 35 35 35
for Environmental
Studies
McKee Park Extreme River Levels Coastal Flooding 35 35 35
ETR Rail at Russell Extreme River Levels, | Coastal Flooding, Local 35 36 49
Street Extreme Rainfall, Surface Flooding

Combination Events
Windsor Biosolids Extreme Rainfall, Local Surface Flooding 35 42 42
Processing Plant Combination Events
Brock Street - Outfall Erosion Erosion 28 28 35
HMCS Hunter Extreme River Levels Coastal Flooding 35 35 42
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Risk Score
Infrastructure Climate Hazard Potential Impact
Component
Current | 2050s | 2080s

CSOs Extreme River Levels, Inflows to the 35 35 35

Combination Events Wastewater System,

Basement Flooding

Residential Areas Extreme Rainfall Local Surface Flooding, 49 49 49
Serviced by Combined Basement Flooding
Sewers
Commercial Areas Extreme Rainfall Local Surface Flooding 42 42 49
Serviced by Combined
Sewers

Infrastructure assets located in Zone 2 with high calculated risk scores include ROWs
and shoreline properties. Since the ground elevations in Zone 2 are generally low
relative to the Detroit River, assets in this zone are prone to extreme river levels.

The Brock Street storm sewer outfall consists of twin concrete box pipes located in a
drainage easement west of Russell Street. Both the Windsor Port Authority (WPA) and
City administration noted concerns with the condition of the outfall. Erosion of the
ground surface above the pipes suggests that deterioration of the pipe barrels has
occurred. Climate change impacts are likely to exacerbate the existing deterioration.

Zone 3

The Zone 3 infrastructure components with high calculated risk scores associated with
the evaluated climate hazards is summarized in the following table.

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409



—

Risk Assessment (PIEVC Step 3) 42

Table 11: Zone 3 Risk Assessment Summary

Risk Score
Infrastructure Climate Hazard Potential Impact
Component Current | 2050s | 2080s
Ojibway Parkway Extreme Rainfall, Local Surface Flooding 35 42 49
Combination Events
Windsor Salt Mine — Extreme River Levels, | Local Surface Flooding 49 49 49
Morton Avenue Extreme Rainfall,
Combination Events
Detroit-Windsor Truck Extreme Rainfall, Local Surface Flooding 42 42 49
Ferry Combination Events
Sprucewood Avenue Extreme Rainfall, Local Surface Flooding 42 42 49
Combination Events
Black Oak Heritage Extreme Rainfall, Local Surface Flooding 35 35 35
Park Combination Events
Railway Tracks — Extreme Rainfall, Local Surface Flooding 35 42 49
Ojibway Parkway Combination Events

Stormwater servicing in Zone 3 is generally provided by roadside ditches that discharge

to the Detroit River. The infrastructure assets in Zone 3 with high calculated risk scores

may be prone to local surface flooding caused by the limited available capacity of the

roadside ditches, which could be exacerbated by extreme river levels.

General Study Area

The following table summarizes infrastructure components dispersed throughout the

Study Area with high calculated risk scores associated with the evaluated climate

hazards.
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Table 12: Study Area-Wide Risk Assessment Summary

Risk Score
Infrastructure Climate Hazard Potential Impact
Component Current | 2050s | 2080s
Overhead Electrical Extreme Wind Events Loss of Electrical 30 35 35
Distribution Power
Equipment
Pad-Mounted Extreme Rainfall Loss of Electrical 28 42 49
Electrical Distribution Power, Electrical
Equipment Safety
Communications Extreme Wind Events Disruption of 30 35 35
Equipment Monitoring Equipment

-
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Engineering Assessment (PIEVC Step 4)

5.0
Based on the findings of the PIEVC risk assessment and joint probability modelling
scenarios, the project team identified flood protection measure objectives and the study
target levels of service of future flood protection measures. These were then used to
develop flood mitigation solutions for assets identified as being highly vulnerable to the
evaluated climate hazards.
5.1 Flood Protection Measure Objectives
The following objectives were developed for the proposed West Windsor flood
protection solutions:
e Reduce susceptibility of coastal flooding within the study area;
e Reduce impact of increased I&I into the municipal system from high Detroit River
water levels;
e Improve the performance of the existing infrastructure during high water levels
and reduce peak flows at the LRWRP;
e Provide more sustainable municipal infrastructure; and
e Reduce risk of surface and basement flooding.
5.2 Target Level of Service

The target the LOS criteria is based on recommendations from the Windsor SCFPMP
(Dillon and Aquifor Beech, 2020). The following is a summary of the target LOS criteria
for the study area:

e Reduce dry weather flow volumes entering the LRWRP under high river levels to
similar magnitudes as during low river levels;

e Eliminate surface ponding within the ROW for all storm events up to and
including the 1:5 year storm event under all Detroit River Level conditions;

e Allow no more than 0.30 m in maximum surface ponding depths within the ROW
during 1:100 year storm event year under all Detroit River water level conditions;

and
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e Reduce HGLs in the sanitary/combined systems to 1.8 m below the existing
ground elevation for all design events up to and including the 1:100 year storm
event under all Detroit River Level conditions.

In addition to the SCFPMP criteria summarized above, a design elevation to mitigate the
risk of flooding caused by Detroit River extreme water levels was developed. As
described in Section 3.3, an extensive literature analysis was conducted for extreme
high water levels, including considerations for climate change. Although there have
been a number of projections made in previously completed studies, most include a
high degree of uncertainty. Given that these future high water level projections are
considered to be highly uncertain, it is recommended for this study that high river level
resilience actions address the current 100-year historical high water level of 176.1 m
plus 0.3 m of freeboard that includes include margins for climate change, rather than to
select a highly uncertain climate change water level. The resulting target design
elevation for solutions to mitigate the risk of coastal flooding is therefore 176.4 m.

Solutions Identification and Development

Based on the information presented in Steps 1 through 3 of the PIEVC procedure, the
study developed a number of solutions to mitigate the impacts of high river levels on
the Study area and critical assets to attempt to meet the targeted level of service
criteria. Feedback from City Administration and stakeholders was gathered through a
workshop on May 19, 2022, which was used to guide the development of the proposed
solutions. The workshop presentation is provided in Appendix B.

Coastal Flooding

The following solutions were developed to address direct flooding impacts caused by
extreme Detroit River levels.
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Shoreline Properties

5.3.1.2

The need for a continuous landform barrier similar to the solutions proposed in the East
Riverside Flood Risk Assessment (Landmark, 2019) and SCFPMP (Dillon and Aquafor
Beech, 2020) to protect shoreline properties in West Windsor from high river levels was
evaluated. The results suggest that this is not a viable solution for the West Windsor
area for the following reasons:

e The vast majority of the shoreline properties in West Windsor are industrial lands
that require direct access to the Detroit River shoreline for their operations;

e Most of the shoreline properties are privately owned, making access for
construction and future maintenance of any proposed flood protection works
problematic; and,

e The shoreline flooding limits in West Windsor does not significantly encroach
inland beyond the shoreline properties. Consequently, only the shoreline
properties themselves would benefit from any proposed flood protection
measures.

Coastal flooding on privately owned shoreline properties is best to be mitigated by
individual site solutions implemented by the individual property owners. Private site
coastal flooding solutions include:

1. Temporary measures implemented during periods of high river levels such as
sandbag barriers or temporary changes to site operations such as relocating
affected activities to locations outside of the flooded areas; and,

2. Permanent measures such as site grading improvements to raise critical portions
of the site above the Detroit River high water level, or constructing permanent
flood protection barriers such as berms.

The minimum recommended design elevation for individual site solutions to mitigate
coastal flooding on the shoreline properties is 176.4 m.

Mill Street

The western portion of Mill Street adjacent to HMCS Ojibway is lower than the existing
1:100 year water level of 176.1 m and has the potential to experience prolonged surface

\_ ponding during periods of extreme river levels. The existing road profile is
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recommended to be raised to provide safe access the HMCS Ojibway site. The available
topographic information suggests that raising the Mill Street profile to the minimum
recommended design flood protection elevation of 176.4 m likely isn’t feasible due to
adjacent site grading constraints. Instead, the Mill Street road profile should be raised
to a minimum design elevation of 176.1 m, as shown on Figure 9.

The proposed grading design should be coordinated with any proposed flood protection
measures on the HMCS Ojibway site. Additionally, the proposed road profile should be

design to direct overland flows from the right-of-way away from the HMCS Ojibway site
entrance. The existing Mill Street storm sewer outfall should also be inspected to assess
its condition and capacity.

Russell Street at Chappell Avenue

The southern portion of Russell Street near Chappell Avenue is lower than the existing
1:100 year water level of 176.1 m and may experience prolonged surface ponding
greater than 0.30 m deep during periods of extreme high water elevations. The ETR
spur line located near the Russell Street/Chappell Avenue intersection limits the
possibility of raising the existing Russell Street profile to the minimum recommended
design elevation of 176.4 m to prevent local roadway ponding. For this area, an
adaptive solution is recommended, as shown on Figure 10.

During periods of extreme river levels, it is recommended that the City assess mitigation
measures during this time, including consideration to temporarily close the southern
portion of Russell Street, using appropriate road closure signage. Traffic diversion
during these closures would be required, including acceptable diversion of trucking
routes. The consideration for road closure would still allow local traffic to access 3795
Russell Street via the existing secondary driveway entrance from Chappell Street. The
maximum ponding depths at the existing 3800 Russell Street site entrance are
anticipated to be less than 0.3 m, and consequently should not prevent site access.

Flooding encroachment onto the adjacent private properties from the Russell Street
ROW can be mitigated through site improvements implemented by individual property
owners. Typically, this involves modifying the site grading to direct water away from
homes and businesses and reduce maximum ponding depths. Any modifications to site
grading will need to be reviewed and accepted by the City of Windsor.
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Prospect Avenue

5.3.1.5

To provide a flooding solution to protect Prospect Avenue during extreme Detroit River
levels, the existing roadside ditches and drains are recommended to be improved and a
permanent pump station constructed at the storm sewer outlet to the Detroit River. As
part of these improvements, the roadside ditch on the north side of Prospect Avenue
will need to be extended, while culverts will need to be installed at driveway and road
crossings along the west end of Prospect Avenue to outlet to the Detroit River via the
proposed pump station outlet, as shown on Figure 11.

The proposed Prospect Avenue stormwater pump station will provide for a hydraulic
disconnection from the drainage system to the Detroit River during periods of high river
levels. Grading along Prospect Avenue is to be designed to maintain the overland flow
route from Sandwich Street to the Detroit River at a minimum longitudinal slope of
approximately 0.3%.

The proposed Prospect Avenue improvements and outlet works are expected to be
coordinated with the proposed LRWRP Retention Treatment Basin project.
Opportunities to use the future RTB outlet to convey discharges from the proposed
stormwater pump station to the Detroit River should be evaluated.

Sandwich Street Drainage Improvements

The currently ongoing Gordie Howe International Bridge construction includes
improvements along Sandwich Street from Ojibway Parkway to McKee Street. The
proposed improvements include providing an urban cross section complete with curb
and gutter and a proposed storm sewer, as shown on Figure 12. The proposed storm
sewer is shown to discharge into the existing roadside ditch located on the south side of
Prospect Avenue, which conveys stormwater westward to the Detroit River. The
proposed storm sewer design is being completed by others and has not been evaluated
through this project.

The proposed Prospect Avenue stormwater pump station will provide for a hydraulic
disconnection from the drainage system to the Detroit River during periods of high river
levels. The drainage design for the proposed Sandwich Street Improvements should be
coordinated with the proposed Prospect Avenue improvements.
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McKee Park Improvements

The City is planning proposed improvements at McKee Park that include replacing the
existing riverside boardwalk, asphalt trails, a gazebo, lighting, and benches. The study
team met with City Staff to review flood protection solutions for McKee Park.

Providing a flood protection barrier or grading the site to the minimum recommended
protection elevation of 176.4 m to raise McKee Park above extreme Detroit River levels
is not feasible at this time due to grading constraints. Installing a protection barrier
would block surface runoff during rainfall events from travelling to the Detroit River and
cause interference with the existing boat ramp. In lieu of this solution, an adaptive
strategy is recommended:

e Construct all proposed pathways and surface works to a minimum design
elevation of 176.1 m (1:100 year historical Detroit River water level);

e Flood proof all electrical systems to a minimum elevation of 176.4 m; and

e Itis recommended that the City of Windsor develop a response plan for the park
during high river level conditions to protect public safety.

Inflows to Wastewater System

5.3.2.1

Solutions to reduce inflows to the wastewater system include both source control
measures and previously planned capital projects. Examples of source control measures
include rain catchers at sanitary sewer MH lids and backflow prevention measures at
CSOs.

Recommendations developed from previously completed studies for the area and future
capital improvement projects identify additional solutions already proposed to reduce
inflows into the wastewater system. This includes the proposed LRWRP RTB, Prince
Road Trunk Storm Sewer Outfall, and a number of streets for combined sewer
separation.

Rain Catchers

The installation of rain catchers within existing sanitary sewer MHs has been identified
as an immediate improvement that will provide benefit for the sanitary system through
a reduction of rainfall derived and coastal water inflow from entering the sanitary MHs.
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water flows from entering the sanitary system.

Rain catchers are seals placed between the MH frame and cover to reduce surface

To assist the City in developing a feasible plan for installing these units, an assessment
was completed to identify locations where the potential for inflow is highest and where
MH sealing should be prioritized. The MHs to be prioritized in the study area were
selected where rim elevations are below the 1:100 year historical Detroit River water
level of 176.1 m and the future climate change water level of 176.3 m. Table 7 below
summarizes the MHs in the study area to be prioritized for the installation of rain
catchers, and their locations are shown on Figure 13.

Table 13: Rain Catcher Locations

MH ID | Rim Elevation (m) | Street Name/Location
Manholes below 1:100 Year HWL of 176.10 m

55607 175.54 Ojibway Parkway at Prospect Avenue

55609 175.98 Ojibway Parkway at Prospect Avenue

55721 176.01 Russell Street

55724 176.01 ETR Railway

55935 175.53 Below Ambassador Bridge
Manholes below Climate Change Event HWL of 176.30 m

55722 176.12 Russell Street

55723 176.21 ETR Railway

55987 176.21 North Prospect Avenue

The MH elevations within this table are taken from City Lidar elevation surface data that
is assigned to each location within the City InfoWorks ICM model. A Field investigation
and/or topographic survey of each location is recommended to confirm final elevations.
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Combined Sewer Outlet Protection

As part of protecting combined sewer outlets from high Detroit River levels, two possible
solutions were evaluated to reduce water from entering the wastewater system during
periods of extreme river levels. This included:

e Backflow preventers such as flap gates or inline check valves to prevent reverse
flows from the river through the CSOs; and

e Raising the existing internal structure CSO weir elevations to the estimated
Detroit River 1:100 year future climate change water level of 176.30 m.

Backflow preventers are devices that allow water to flow in only one direction. The
devices are to be oriented to prevent Detroit River water from entering the combined
storm sewer during high lake levels, while allowing overflows to enter the Detroit River
during periods of severe rainfall, thereby protecting upstream homes and businesses
from basement flooding.

Under extreme rainfall events and high Detroit River levels, backflow preventers require
additional upstream head to open and release overflows to the Detroit River, resulting
in slightly higher upstream water levels within the combined and sanitary system. This
prevention measure has the potential for higher risks of basement and surface flooding
during times when the backflow device is fully closed. A hydraulic analysis was
completed to evaluate the impacts of backflow preventers on the wastewater system
performance. To complete this task, the City SCFPMP Baseline Infoworks model was
modified as follows:

e Boundary conditions were set at both the historical and climate change
1:100 year return period Detroit River water levels; and

e Backflow prevention devices were modelled in each noted CSO with spill
elevations lower than 176.3 m using default head loss coefficients?.

1 Flow characteristics at flap gates modelled in Infoworks are calculated using the following equation:

Q =(1/Cd) Am Vm

Where
Am — average cross sectional area (m?)
Vm — average velocity (m/s)

Cs — discharge coefficient
- Q - discharge (m3)
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The modified Infoworks model was used to simulate the following storm scenarios and
the Detroit River 1:100 year future climate change water level of 176.30 m under the
river levels stated above:

e 1:5year return period rainfall event; and
e 1:100 year return period rainfall event.

The modelling results identify that the calculated peak HGLs during the 1:5 year rainfall
event are slightly higher in isolated areas of the service area when compared to the
scenario without backflow prevention devices installed at CSO locations. The calculated
peak HGLs during the 1:100 year rainfall event are generally lower across the service
area when compared to a similar scenario without backflow prevention devices installed
at CSO locations.

Instead of backflow prevention devices, an alternative is to raise the CSO overflow weirs
to the Detroit River 1:100 year future climate change water level of 176.3 m. Raising
the weirs will reduce the volume of untreated wastewater being diverted into the
Detroit River during high flow events and will decrease the volume of river water
entering the LRWRP during high water levels. This solution was considered as part of the
Windsor SCFPMP which concluded that while there is a meaningful increase in HGL
upstream of each weir, this increase only propagates slightly upstream of each
structure. Any increases in HGL during periods of low Detroit River water levels is
expected as the HGL in the system would need to increase to the new weir elevation
before a spill occurs.

Both options are shown to decrease the risk of backflow from the Detroit River entering
the combined and sanitary system. However, backflow prevention devices offer the
following advantages:

e They are less likely than weirs to raise the upstream HGLs during wet weather
events when the Detroit River water levels are low; and

e They will reduce the possibility of inflow from the river if the Detroit River water
levels rise above the estimated 1:100 year climate change elevation.

AN The default discharge coefficient of 1.0 corresponds to a steel check valve.
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Based on the modelling analysis completed and discussed through this section, a
combination of flap gates and check valves are recommended as backflow prevention
devices. Flap gates are proposed at all CSOs requiring backflow prevention where it is
feasible to install the backflow prevention device at the open downstream outlet to the
Detroit River and the pipe diameter is greater than or equal to 1800 mm. Inline check
valves are proposed at all CSOs requiring backflow prevention where the pipe diameter
is less than 1800 mm. All inline check valves must be installed in the existing combined
sewer upstream of the Detroit River and in close proximity to a maintenance hole. If
there are no nearby MHs, a new structure will be required. The proposed backflow
preventer locations are documented in Appendix G and their locations are shown on
Figure 14.

Lou Romano Retention Treatment Basin

5.3.2.4

In 2019, the City of Windsor completed an environmental assessment for a proposed
retention treatment basin (RTB) at the LRWRP (Stantec, 2019). The RTB will provide
primary treatment of wastewater during wet weather events when the flows to the
plant are greater than the plant capacity. Wet weather flows include both wastewater
from residential properties and businesses, as well as storm runoff that enters the
sewer network either intentionally through combined systems or unintentionally
through inflow and infiltration sources. Additionally, the RTB will provide primary
treatment of wastewater during emergencies, such as a catastrophic failure at the plant.
The proposed RTB location is shown on Figure 15.

As part of the recent City award of the Disaster Mitigation and Adaptation Funding
(DMAF) for the RTB, detailed design for the project is expected to begin in 2023, with
construction estimated to begin in 2026/2027.

In addition to the RTB, conveyance from the CSO chambers on Hill Avenue, Detroit
Street and Bridge Avenue will be improved during wet weather flow events. A proposed
CSO collection sewer extension will convey these additional flows to the proposed RTB.

Prince Road Trunk Storm Sewer Outfall and Pump Station

The City of Windsor SCFPMP completed in 2020 (Dillon and Aguafor Beech) identified

\_ the need to separate all combined sewers with separate storm and sanitary systems.
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One of the projects recommended to support this goal is the construction of a new
stormwater pumping station and outfall from the Prince Road trunk storm sewer to the
Detroit River. This new outfall will provide a stormwater outlet to direct stormwater
that would otherwise go to the LRWRP to the Detroit River.

The City of Windsor completed an Environmental Assessment to establish the location
of the proposed outfall works (Stantec, 2022). The proposed location of the outfall and
pump station is detailed in Figure 16.

Construction of the proposed outfall and pumping station will allow disconnection of
the existing Russell Street catchbasins located south of Hill Avenue from the combined
sewer system.

Detroit Street Trunk Outfall

5.3.2.6

Similar to the proposed Prince Road Trunk Storm Sewer Outfall, the SCFPMP
recommended construction of a new trunk storm sewer and outfall from Detroit Street
in the northern portion of the West Windsor study area. This new outfall will provide a
stormwater outlet to allow upstream combined sewer separation to proceed, and direct
stormwater that would otherwise go to the LRWRP to the Detroit River. The proposed
outfall location is shown on Figure 17.

Several challenges are anticipated with the proposed outfall construction. The existing
storm sewer easement from Detroit Street to the Detroit River is located on industrial
land currently used for stockpiling aggregates. The proposed outfall is expected to be
designed to bear the anticipated loading of the stockpiled material and equipment.
Construction activities will also need to be coordinated to reduce risk of impacts to the
ongoing site operations.

Combined Sewer Separation

Currently, stormwater runoff enters the LRWRP through the upstream combined sewer
system. Separating the stormwater flows from the combined sewers in the Study area
is a collection system improvement that will reduce flows to the LRWRP. This
recommended improvement involves installing a separate storm sewer conveyance
system to take all stormwater runoff flows from the study area directly to the Detroit
River without entering the LRWRP. The combined sewer locations within the Study Area
are shown on Figure 18.
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The City of Windsor has a number of ongoing projects to eliminate stormwater flows
into its combined sewer system. However, given the many kilometers of existing
combined sewers, it is expected to take many years for a full separation of the Study
area.

Basement Flooding

Each of the solutions for reducing inflows the wastewater system is expected to help
reduce basement flooding. However, these programs will take time to implement.
Property owners are expected to have a role to play in protecting their residences and
businesses from basement flooding. These solutions can be implemented readily and
provide immediate protection to individual properties while programs to improve the
municipal drainage systems are implemented. Examples of private property
improvements that can provide basement flood mitigation are shown on Figure 19 and
include:

e Disconnecting downspouts from foundation drains and directing them instead to
the ground surface;

e Disconnecting foundation drains from the private drain connection and directing
them instead to a sump pump;

e Installing a backflow preventer to prevent wastewater backups into the residence;
and

e Providing separate private drain connections, one for sanitary flows and one for
storm flows, in areas serviced by separate storm and sanitary systems.

The City of Windsor currently has two programs to help homeowners protect their
homes from basement flooding.

1. The Downspout Disconnection Program provides free assistance to help property
owners safely redirect the flows from their eaves troughs to the ground surface;
and

2. The Basement Flood Protection Subsidy Program provides homeowners with up
to $2,800 per property towards the costs of installing eligible flood protection
measures such as backflow preventers, new sump pump installations, and
foundation drain disconnections.

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 - 21-2409




Engineering Assessment (PIEVC Step 4) 56
The City of Windsor provides information on these programs on City’s official website.
Additional education and outreach is recommended to increase participation in these
programs for properties located within the Study area. Potential outreach measures
could include program information provided with existing communications to property
owners such as property tax bills.

Local Surface Flooding

5.3.4.1

Local surface flooding is generally the result of limited available drainage capacity and is
further exacerbated during periods of high Detroit River water levels.

Right-of-Ways

As part of this study, local improvements are recommended in the following ROWs to
manage local surface flooding:

e Morton Avenue;

e Russell Street;

e Ojibway Parkway; and

e Sprucewood Avenue and Maplewood Drive.

The currently known inverts of the Morton Avenue ditches are shown to be lower than
the Detroit River 1:100 year climate change water level of 176.30 m, and consequently
the ditch capacity may be reduced under periods of extreme river levels. A detailed
assessment of ditch capacities is recommended to verify whether ditch improvements
are required. The location of the proposed Morton Avenue improvements is shown on
Figure 20.

The majority of Russell Street is currently serviced by roadside ditches and frequent
surface ponding has been observed, based on anecdotal information provided by
stakeholders. The available topographic information suggests that portions of the
roadside ditches have invert elevations lower than the Detroit River 1:100 year climate
change water level of 176.30 m. Since Russell Street provides access to industrial
properties, there is concern that heavy truck traffic on the saturated road structure will
lead to pavement deterioration. Furthermore, a significant portion of Russell Street
drains via an outlet that is not located with a municipal drainage easement. Future

\_ maintenance of this outlet could be problematic. Itis recommended that drainage
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improvements along the portion of Russell Street shown on Figure 21 should be
completed to:

e Reduce the frequency and severity of local ponding;

e Establish outlets to the Detroit River located in drainage easements or on
municipally owned lands; and

e Provide an outlet to the southern portion of Russell Street via the proposed
Prince Street storm sewer outlet.

Surface ponding frequently occurs along Ojibway Parkway during heavy rainfall events.
Roadside ditch maintenance is recommended to improve the drainage system capacity
as shown on Figure 22. The roadway is recommended to be monitored to evaluate
whether additional drainage improvements are required. The available topographic
information suggests that the Ojibway Parkway roadside ditches invert elevations are
higher than the Detroit River 1:100 year climate change water level of 176.30 m.

Based on the information presented in a recent drainage report (Meritech, 2021), the
Sprucewood Avenue and Maplewood Drive roadside ditches currently do not prove
sufficient capacity to convey the peak flow from a 1:2 year design rainfall event.
Furthermore, the available topographic information suggests that portions of the
roadside ditches have invert elevations lower than the Detroit River 1:100 year climate
change water level of 176.30 m, as shown on Figure 23. These roads provide access to
industrial properties and the Detroit-Windsor Truck Ferry. Drainage improvements are
required to reduce the possibility of local flooding in these ROWs. Any drainage
improvements will need to be completed in accordance with the provisions of the
Drainage Act.

McKee Creek Municipal Drain

As part of this study, drainage improvements are recommended to the McKee Creek
Municipal Drain to reduce the possibility of local surface flooding caused by limited
drain capacity and high river levels. A previously completed engineer’s report evaluated
the existing drain condition and recommended improvements on behalf of the City of
Windsor. The proposed improvements to the McKee Creek Drain are presented in the
Drainage Report for the McKee Drain (Landmark, 2022) are shown on Figure 24 and

\ include the following measures within the Study area:
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e Clearing and grubbing the drain from the west side of Sandwich Street to the
Detroit River;

e Removing accumulated sediment and reprofiling the drain from Sandwich Street
to the Detroit River; and

e Replacing the existing ETR bridge located approximately 260 m downstream from
Sandwich Street.

These proposed improvements are expected to reduce the possibility of local flooding
within the McKee Creek Municipal Drain drainage area by increasing the drain capacity.
The increased capacity will improve the drain performance during periods of high river
levels.

5.3.4.3 Site Improvements

Local flooding along private properties can be mitigated through site improvements
implemented by individual property owners. Typically this involves modifying the site
grading to direct water away from homes and businesses, and reduce maximum
ponding depths. Any modifications to site grading will need to be reviewed and
accepted by the City of Windsor.

5.4 Public Consultation

A virtual Public Information Centre (PIC) for the West Windsor Flood Risk Study was
posted to the project page on the City of Windsor website on October 6, 2022. The PIC
was presented as a pre-recorded slideshow that described the West Windsor study
area, the project scope and purpose, the flood risk study methodology, the effects of
the flooding and flood mitigation solutions. The PIC slides and corresponding script are
presented in Appendix F.

541 PIC Announcement

Advertising for the PIC was completed through social media postings and by email
circulated to stakeholders. A copy of the stakeholder contact list and the corresponding
email is presented in Appendix F.
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PIC Feedback

5.5

PIC attendees were given the opportunity to provide feedback to the project team
through an online survey or via email. The online survey questions and a summary of
the collected feedback and corresponding responses is presented in Appendix F.

A total of six respondents completed the online survey and three comments were
provided. None of the comments provided through the online survey were relevant to
the West Windsor Flood Risk Study nor did any of the survey respondents provide their
contact information.

Cost Estimates

551

In order to assist the City with projection planning and implementation of the proposed
works, estimated construction costs have been developed. All costs are based on a
conceptual design and general extents of the proposed improvements and do not
represent pre-design costs. The capital construction costs for the various recommended
solutions are based on 2022 construction prices.

During further design of any solutions, updates to the cost estimates should be completed
to more accurately estimate overall costs for the proposed improvements. This section
includes a summary of the costing assumptions and methodology as well as the high-level
costs related to the proposed solutions.

Costing Assumptions and Methodology

The cost assumptions for all recommended improvements include, but are not limited
to, the following:

e Construction cost estimates, including labour, are based on 2022 unit prices and
the accuracy of each estimate is +/- 30 % and dependent on the timing of
implementation;

e Future engineering costs calculated as 20 % of capital construction costs;

e Due to material supply issues, global increase in fuel costs and local market
fluctuations a Contingency cost of 30 % has been applied to all construction
costs; and

e Costs exclude any further studies required for each recommended solution,
\ including municipal drainage assessments.
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Land acquisition costs required to construct any recommended solutions on private
property are not included in the cost estimates. Land acquisition requirements and the
associated costs shall be confirmed during detailed design.

Unit Prices

Approximate unit prices were developed based on 2022 average construction costs for
similar projects. The unit prices were utilized to determine the total construction costs
for the recommended solutions within the Study Area. To simplify the costs for the
proposed works, majority of the unit prices were developed on a per metre basis, with a
few others developed on a per item basis.

Implementation Variances

Due to the scale of the proposed works and the implementation schedule, actual
construction costs may vary significantly depending on the year of implementation and
market conditions. Priority projects recommended for implementation in the near future
will have a higher degree of cost accuracy than works to be completed many years in the
future.

Operation and Maintenance Costs

The costs to operate and maintain the various infrastructure improvements that have
been recommended were not included in the cost estimate. Due to the implementation
time horizon, operation and maintenance costs could vary significantly. The City will need
to include the recommended solution to its operations and maintenance programs once
they are constructed. As the improvements are constructed, the City should have a better
idea of what the costs are to maintain the infrastructure.

On-going monitoring and maintenance will need to take place to ensure that the
infrastructure is not altered in any way that could make the system vulnerable to failure.
The costs for maintenance may vary significantly from year to year, so it is important to
be conservative when estimating the City’s operation maintenance costs.

Cost Estimate Summary

The following table summarizes the total cost for each solution based on the estimated

construction cost, engineering cost, and contingency cost as detailed above.
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Table 14: Cost Estimate Summary

Solution
Solution Cost Additional Costs
Install Backflow Prevention at CSOs along Detroit River $2.7 M |Functional Design, Property

Acquisition if Required

LRWRP RTB! S75M Property Acquisition if
Required
Combined Sewer Separation? S747 M Property Acquisition if
Required
Prince Road Trunk Storm Sewer Outfall and Pumping S8.3 M Property Acquisition if
Station® Required
Detroit Street Trunk Storm Sewer and Outfall? S3.3M Property Acquisition if
Required
Sandwich Street Drainage Improvements S1.8M Property Acquisition if
Required
McKee Creek Drain Maintenance from Detroit River to S0.2 M Monitoring of Drain
Sandwich Street* Performance
McKee Creek Drain ETR Culvert Replacement* S0.4 M Monitoring of Drain
Performance
Prospect Avenue Drainage Improvements S2.7M Property Acquisition if
Required
Mill Street Improvements S0.3 M
Maplewood Drive and Sprucewood Avenue Drainage S1.6M Monitoring of Drain
Maintenance Performance
Ojibway Parkway Roadside Ditch Maintenance — Broadway S1.7M Monitoring of Ditch
Avenue to Morton Drive Performance
Ojibway Parkway Drainage Improvements — Broadway $3.8 M |Functional Design, Property
Avenue to Morton Drive Acquisition if Required
Install Rain Catchers at Low Lying Sanitary Manholes S0.1M
Russell Street Local Drainage Improvements $2.4M |Functional Design, Property
Acquisition if Required
Morton Avenue Roadside Ditch Maintenance S0.8 M Monitoring of Ditch
Performance
TOTAL | $852.1 M
Notes:
1 Based on costs presented in the corresponding Environmental Assessment (Stantec, 2019).
2 Based on costs presented in the SCFPMP (Dillon and Aquifor Beech, 2020).
3 Based on costs presented in the corresponding Environmental Assessment (Stantec, 2022).
4

Based on costs presented in the Drainage Report (Landmark, 2022).
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Further supporting documentation for the cost estimates is presented in Appendix H.

Triple Bottom Line Assessment

Upon completion of the PIEVC process to identify the medium and high climate and
infrastructure risks, the next step is to develop an adaptation evaluation to allow the
City to focus on solutions that provide the greatest risk reduction and increases current
and future resilience.

Although unusual, the most comprehensive PIEVC Protocol assessments include an
additional Triple Bottom Line (TBL) analysis on the various proposed adaptation options.
The TBL analysis considers the economic efficacy and the social and environmental
benefits and costs of the different alternative adaptation options for the community.
The PIEVC TBL is not intended as a substitute or an addition to the risk assessment
process, but to ensure that the adaptation recommendations consider their economic,
social and environmental implications under current and future climates. The end result
should be balanced recommendations that optimize the City’s investments without
compromising the core purpose of the asset and system. The multi-factored TBL
analyses also should incorporate consultation with an appropriate range of
stakeholders.

Table 15 depicts a set of economic, social and environmental TBL criteria. The TBL
criteria, indicators and scores borrow heavily from and are consistent with the City of
Windsor’s Sewer and Coastal Flood Protection Master Plan completed in late 2020.
These TBL criteria are applied across sub-drainage areas and proposed solutions. While
the proposed solutions mainly refer to City actions, they do require a partnership
between private property owners and the City since private property improvements are
needed to reduce flood risk and to mitigate impacts to the municipal system.
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Table 15: Scoring of Adaptation Options using TBL Criteria and Indicators

Engineering Assessment (PIEVC Step 4) 63

Comparison Score: 0/5/10

Source of Comparison Data and

Flooding

levels and for solutions that mitigate surface flood
risk.

mitigated by the
solution.

TBL Ranking Criteria Methodology and Indicator Weightin
J & i 0 5 10 Comments
ECONOMIC
. . . . Cost/< $S1M or Based on 2022 Estimated Project
. Projects with lower capital costs impacts taxpayers Cost Between . .
Cost effectiveness . ) . 2 Cost > S4M Private Property Construction Costs and does not factor
the least and will require less budget allocation. S1-4M ) .
Costs. inflation.
<10% rated as
. Lo e poor condition, . . . .
. . Higher priority if asset condition indicates need for 10-30% Rated as >30% Rated as Condition ratings were obtained via the
Asset Risk Rating . 1 acceptable .. i L, ,
refurbishment or replacement. s poor condition poor condition City’s Information System as of 2017.
condition or new
infrastructure.
Likel i
ety no syn'e'rg|es . Potential for
. . . . or opportunities Potential for .
Synergistic implementation, timing with . . . L . . . synergy with
. o . Higher priority and advantages for earlier action if for overlapping synergies with one . .
other projects or opportunities (e.g., Gordie o " . . . MORE than one Survey of potential opportunities for
. . synergistic opportunities support co-funding or 2 funding or other project or . . .
Howe Bridge, Sandwich Street . . . . . . other project or synergistic projects.
. achieve similar goals (e.g., Intl Bridge; GLWQA) receiving support potential funding L
reconstruction, Great Lakes WQA) ) funding is
from other opportunity .
. available.
projects
If solution fails or is not implemented, high Higher priority for action if high costs or long If solutions are not implemented what is
I t cost t hall if di ti Id bei df tastrophi . . . . . the extent of ty d fail
rep acemep cgs s or extreme ¢ a. enges i |§rup |ons.c9u e incurred from catastrophic 1 Low Reduction Median Reduction | High Reduction e extent of proper y. amgge (?r ailure
catastrophic failure occurs (e.g., high costs failure of critical asset (e.g., Lou Romano WWTP, of 3rd party assets during high river level
to replace, time without services) pumping stations) events.
Poor acceptance of -
measure, unknown Some training
technolo’ and needed. Mid-level | Known technology
Ease, cost and complexity of measure’s Higher acceptance for action if ongoing O&M 5 i nificangtynumber number of labour | and minimal
ongoing operations and maintenance. efforts are relatively lower. & hours for labour hours are
of labour hours for .
. maintenance and acceptable.
maintenance and .
. operation.
operation.
. . L . Lowest amount of Highest amount of | Solutions that will reduce extraneous
Higher priority and need for action in areas with . . . .
. L . basement flooding basement flooding | flows entering the system or will reduce
Level of Basement Flooding greatest basement flooding risks and for solutions 2 . e Not Used . e . . .
o . risk mitigation by risk mitigation by sanitary sewer system hydraulic gradeline
that mitigate basement flood risk. . !
the solution. the solution. levels.
Higher priority and need for action in areas with Lowest amount of Highest amount of
Level of Extent of Surface and Coastal greatest flooding risks associated with high water 5 flooding risk Not Used flooding risk Total Area of 1:100 year flood risk being

mitigated by the
solution.

removed.
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Comparison Score: 0/5/10

Source of Comparison Data and

N

TBL Ranking Criteria Methodology and Indicator Weightin
J & i 0 5 10 Comments
Solution mitigates
flooding along
. o Lo . - Arterial roadways
Higher priority and need for action if surface Solution mitigates Solution mitieates | and Railwa ¥
Access Risk - Level of Risk to Roadways or flooding along major arterial roadways impacts for 5 flooding along floodin along Corridors _y Road classifications from the City’s Data
Railway Crossing emergency access and continue critical Collector . & & . . System (2021).
. . Arterial Roadways | Including critical
transportation connections. roadways. .
connections
(hospital routes,
border access).
Mid Level Densi
Low Density of id Level Density High Density of . . . .
. of ; High Density = Residential/Urban Areas
. . L homes/businesses . homes/businesses ; . )
Higher priority and need for action if greater o homes/businesses s Mid Level Density = Commercial
. . . . . o . . within area o within area e
Public Confidence and City Reputation population density in area (reflecting potentially 1 . within area ) Developments, Industrial Sites
. L impacted by . impacted by . .
displeased citizens) . . impacted by . . Low Level Density = Vacant and Industrial
potential service ) . potential service .
. . potential service ) . Sites.
disruptions. . . disruptions.
disruptions.
Significant impact - . .
8 p Minimal impact to | Any excavation works along the
to Archaeological . . .
. . L . Archaeological and | waterfront areas (high archaeological
Higher priority and need for action in areas with and Cultural ) . L .
. . . . . . , . Cultural Heritage risks) or construction impacts to private
Level of Disruption to Archaeological and greatest flooding risks associated with high water Heritage . .
. . s 2 Not Used Resources due to property areas that may contain built
Cultural Heritage Resources levels and for solutions that mitigate surface flood Resources due to . X
) . construction heritage features and/or cultural
risk. construction . .
. excavations and landscapes such as parks, naturalized
excavations and .
) new infrastructure. | areas.
new infrastructure.
ENVIRONMENTAL
High reduction of CSO events may be
Higher priority and need for action if solution Lowest reduction Highest reduction | attributed to solutions that reduce
CSO overflows . 2 Not Used . .
reduces CSO overflow risks. of CSO Frequency. of CSO Frequency. | stormwater inflow or reduces the HGL in
the into the sanitary system.
Prevents or
Reduces amount con":ains land
. . . I Higher priority and support for action if solution Does NOT notably | of contaminants ) . . . .
Risk of contaminants reaching Detroit River R " . contaminants from | Contaminant risk associated with sewage
. . reduces land contamination risks for sensitive 2 reduce from reaching . . .
or other sensitive habitat. . . . . reaching Detroit backup from combined sewer on surface.
habitat and the Great Lakes Area of Concern contaminant risks. | Detroit River or . s
. . River or sensitive
sensitive habitat. .
habitat.
May add to GHG
Higher priority and support for action if solution emissions (e.g., Potential for Quialitative evaluation (e.g., additional
Reduces GHG and/or air quality emissions. offers emission or GHG reductions (e.g. reduces 2 increased emission electricity, additional LRWRP treatment,
loads on LRWRP, reduced electricity for pumping) electricity, fossil reductions. etc.)
fuel needs).
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TBL Ranking Criteria

Methodology and Indicator

Weighting

Comparison Score: 0/5/10

0

5

10

Source of Comparison Data and
Comments

Human Health and/or Well-Being

Higher priority and support for action if the public
can be warned and can take action to reduce their
health and safety risks, encourage inclusion and
well-being (e.g., shading, parks, recreation).

Does not increase
public response
times to reduce of
health and safety
risks (e.g., sewer
backup, escape
from heavy
flooding hazards).
Does not improve
well-being or
human health.

Improves at least
one of: Increases
public response
times to reduce
health and safety
risks; Improves
well-being or
human health.

Improves two or
more of: Increases
public response
times to reduce
health and safety
risks; Improves
well-being or
human health.

Human health is associated with reduction
in basement flood risk or reduction of
surface flooding. Well being is associated
odour nuisance, aesthetics, beneficial
uses, well-being and associated human
health.

Weighting: Weighting applied to the Score, where 1 indicates that the calculated score is used and 2 indicates a doubling (weighted as a 2).

Assumptions:
(1) Costs effectiveness considers the capital construction costs to implement the recommended solutions within each respective drainage area.

(2) Costs exclude source control, private property measures and/or operation and maintenance costs.
(3) Conditions rating are based on available information provided by the City of Windsor.

N
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5.0 Engineering Assessment (PIEVC Step 4) 66
Where possible, it will be important to identify opportunities for synergies or overlap
with other ongoing projects in the West Windsor region. This includes opportunities for
funding or flood risk reduction actions supported through other projects (e.g., Gordie
Howe International Bridge stormwater management, LRWRP RTB, road reconstruction
projects).

Other projects and funding sources may provide similar opportunities for coordination
of timing or implementation of adaptation solutions to reduce the PIEVC identified
higher risk assets and regions. In other cases, the Great Lakes Water Quality Agreement
may be able to support some work to reduce local and Detroit River contamination risks
and habitat creation or protection.

Prior to completing this evaluation and project comparison, there were a number of
solutions that were excluded:

e Projects that involve additional monitoring, engineering study or implementation
of small-scale works that can more easily be accommodated within the City’s
operational budget and will depend on climate trends and/or other flood
protection initiatives; and

e Improvements to private property areas have been excluded as these
improvements must be initiated and maintained by the individual property
owners.

Table 16 and Table 17 summarize those projects.

Table 16: Projects Requiring Monitoring and Operation

Project

Recalibrate Sanitary Service Area
Model

Monitoring River Levels

Black Oak Heritage Park - Develop an
Emergency Response

Plan for Park When Flooded

N
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Table 17: Projects Requiring Private Property Improvements

Project

Russell Street - Private Site
Improvements (entrance grading)
Private Solutions to Prevent Surface
Flooding from High Water Levels
Private Solutions to Prevent Surface
Flooding from Local Flooding
Windsor Biosolids Plant - Site
Drainage and Grading Improvements

The detailed TBL assessment is included in Appendix H. Based on the total score
for each solution, an optional adaptation project list (Table 18) has been
developed. This list applies priorities to solutions based on the assessment, high,
medium and low which shall be used as a reference to assist with the planning
and implementation of projects. These results are supplementary to the PIEVC
assessment and should be used in tandem to schedule necessary capital projects.
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Table 18: Adaptation Options

Solution Score

High Priority

Prince Road Trunk Storm Sewer Outfall and Pump Station 140
Install Rain Catchers 140
Install Backflow Prevention at CSOs along Detroit River 135
LRWRP RTB 130
Combined Sewer Separation 120
McKee Creek Drain Maintenance from Detroit River to 120
Sandwich Street

Prospect Avenue Drainage Improvements 120
Ojibway Parkway Drainage Improvements 120
Medium Priority

Install Basement Flood Protection Measures 110
Sandwich Street Drainage Improvements 110
Mill Street Drainage Improvements 110
McKee Park Improvements 110
Detroit Street Trunk Storm Sewer and Outfall 100
Russell Street Local Drainage Improvements 100
Ojibway Parkway - Roadside Ditch Maintenance 90
Low Priority

McKee Creek Drain Improvements 85
Brock Street - Inspect Shoreline/Outfall Condition and Local Repair 85
Plan

Maplewood Drive and Sprucewood Avenue Drainage Maintenance 80
Morton Avenue Drainage Improvements 80
Maplewood Drive Sanitary Pump Station Monitoring 40

N
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6.0 Recommendations and Conclusions (PIEVC Step 5) 69

-

Recommendations and Conclusions (PIEVC
Step 5)

The following sections summarize the next steps and recommendations to reduce
climate change vulnerability in the Study Area.

Class EA Implications

A high-level screening was completed to identify future Class Environmental Assessment
(EA) implications based on the recommended flood mitigation measures. Anticipated
Class EA Schedules were selected based on Municipal Engineers Association (MEA)
guidance. A brief summary is provided in the following table.

\
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Table 18: Class EA Requirements

Anticipated

Project EA Schedule | Notes

Prospect Avenue Improvements A Assumes that no land acquisition is required
and that the outlet works will be coordinated
with the LRWRP RTB design.

Ojibway Parkway Roadside Ditch A Surface drainage services existing municipal

Maintenance — Broadway Avenue to road.

Morton Drive

McKee Creek Drain Improvements N/A Works regulated under the Drainage Act are

(Clearing and Grubbing) exempt under the Ontario EA Act.

Install Rain Catchers A Modification to an existing sewage collection
system.

Detroit Street Trunk Outfall B Based on MEA guidance, this could be
interpreted as a Schedule A project, since the
existing outfall is located in an existing road
allowance and utility corridor. However, given
the likely technical challenges and potential
impacts of the proposed works, a Schedule B
undertaking is recommended, consistent with
the SCFPMP recommendations.

Install Backflow Prevention at CSOs A Modification to an existing sewage collection

along Detroit River system. Assumes that no land acquisition is
required.

Morton Avenue Drainage A Surface drainage services existing municipal

Improvements road.

Russell Street Drainage B Additional property will likely be required for

Improvements improvements to the drainage system.

Sprucewood Avenue and N/A Works regulated under the Drainage Act are

Maplewood Drive Drainage exempt under the Ontario EA Act.

Improvements

Mill Street A Reconstructed for the same use, capacity, and
at the same location.

McKee Creek Drain Improvements N/A Works regulated under the Drainage Act are

(ETR Culvert Replacement) exempt under the Ontario EA Act.

Combined sewer separation A+ Establish a sewage collection system to an

existing sewage outlet. Assumes that no land
acquisition is required.

Implementation Plan

An implementation plan was developed based on the results of the TBL and the

anticipated timelines of previously identified projects. A summary of the recommended

City of Windsor

\_ implementation plan for the proposed solutions is provided in the following table.

West Windsor Flood Risk Study - Climate Change Risk
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Timing

Table 19: Solution Implementation Summary

Project

\ Notes

Short Term | Lou Romano Retention Treatment Basin EA has been completed. Design to begin

in 2023.

Prospect Avenue Improvements

Outlet for proposed Prospect Avenue
pump station and drainage
improvements recommended to be
coordinated with the Lou Romano
Retention Treatment Basin outlet
design.

Sandwich Street Improvements

Drainage strategy recommended to be
coordinated with the Lou Romano
Retention Treatment Basin and
Prospect Avenue Improvements.

Prince Road Trunk Storm Sewer Outfall

EA completed in 2022.

Ojibway Parkway Roadside Ditch
Maintenance

Complete ditch maintenance and
monitor drainage system performance.

McKee Park Improvements

Incorporate flood mitigation measures
into proposed park improvement
design.

McKee Creek Drain Improvements

Clear and grub drain from Sandwich
Street to Detroit River.

Install Rain Catchers

Field verify MH lid elevations. Include
in current implementation plan under
East Windsor MH seals installation.

N

Medium
Term

Detroit Street Trunk Outfall

EA will be required.

Completion of the outfall works will
permit separation of the upstream
combined sewer system.

Combined Sewer Outlet Protection

Install backflow prevention measures
concurrent with other sewer
rehabilitation projects.

Morton Avenue Drainage Improvements

Complete drainage assessment to
evaluate need for additional
improvements.

Russell Street Drainage Improvements

Develop drainage strategy for proposed
improvements.

Sprucewood Avenue and Maplewood Drive

Drainage Improvements

Develop drainage strategy for proposed
improvements.

Mill Street

Raise profile of west limit of
Mill Street.

Long Term

Combined Sewer Separation

To be completed concurrent with other
servicing and transportation projects.

McKee Creek Drain Improvements

Replace ETR bridge. To be completed in
accordance with the Drainage Act.
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Recommendations

The following comments and recommendations were developed based on the results of

the PIEVC assessment:

N

Design of the LRWRP RTB should be coordinated with the proposed Sandwich
Street and Prospect Avenue improvements. Opportunities to coordinate the
proposed RTB outlet and the proposed Prospect Avenue pumping station outlet
designs should be evaluated;

A functional drainage analysis for the Prospect Avenue improvements should be
completed to identify the proposed pumping station capacity and design
requirements;

The feasibility of completing a soft separation of the combined sewer on Russell
Street south of Hill Avenue in conjunction with the construction of the proposed
Prince Road pump station and outfall should be considered;

A monitoring plan to evaluate the performance of the roadside ditches on
Ojibway Parkway, Morton Avenue, Sprucewood Avenue, and Maplewood Drive
should be developed;

A functional drainage analysis of the Russell Street Drainage system should be
completed to identify specific system improvements;

Permanent physical flood protection measures implemented on shoreline
properties will require ERCA approval through a permit in accordance with
Section 28 of the Conservation Authorities Act;

The existing Brock Street storm sewer outfall should be inspected to document
its condition and capacity;

A traffic study should be completed to identify alternate truck route if temporary
closure of Russell Street at Chappell Avenue is required during periods of
extreme river levels; and

Prepare an emergency response plan for Black Oak Heritage Park and McKee Park
to manage these facilities during periods of extreme river levels.

DILLON CONSULTING LIMITED
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