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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 ix

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 Pumping 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 (the 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 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 I&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

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 —21-2409 (Revised February 28, 2023)



1.2.1

Introduction 3
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.

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 —21-2409 (Revised February 28, 2023)




Introduction 4

—

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
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 parameters.
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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;

¢ ldentify the climate parameters that will be considered in the evaluation;

e |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.

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 —21-2409 (Revised February 28, 2023)



2.2

Project Definition (PIEVC Step 1) 8

—

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 total Study Area is approximately 842 ha.

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 Ojibway
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 176.0 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.

N
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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 of 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.

N
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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.

N
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Table 1: Summary of Extreme Value Analysis Fort Wayne (Station #9044036)

Water Level (m, IGLD’85)

I;cee':?or; GE?;:?;E;L‘:O GEZ:::::: ‘ 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

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 —21-2409 (Revised February 28, 2023)




Data Gathering and Sufficiency (PIEVC Step 2) 18

—

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 storm is
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 —176.1 m; and
e 1:100 year return period (considering impacts of climate change) — 176.3 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.

N
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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

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 I&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 hazard 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

-
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e Extreme air temperature (hot and cold);

e Rainfall plus hail combination events.

January 2023 - 21-2409 (Revised February 28, 2023)

e Heavy snowfall events and seasonal snow accumulation; and

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

Risk Assessment (PIEVC Step 3) 33

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.

City of Windsor
West Windsor Flood Risk Study - Climate Change Risk

Assessment

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 pumping stations no longer functioning, may require
significant repair
6 Major; Loss of function Treatment Plant Shut-Off — sewer back-up 10s of
properties; Individual pumping stations damaged,
needing replacement
7 Extreme; Loss of Asset Treatment Plant Shut-Off — sewer back-up 100s
properties; Most pumping 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

January 2023 - 21-2409 (Revised February 28, 2023)



-

Risk Assessment (PIEVC Step 3) 35

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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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

N
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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.
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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 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. The proposed freeboard provides capacity to accommodate
the potential effects of climate change, rather than selecting 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 to the HMCS Qjibway 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 pumping 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 pumping station outlet, as shown on Figure 11.

The proposed Prospect Avenue stormwater pumping 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 Retention Treatment Basin (RTB) project located west of
Ojibway Parkway. Opportunities to use the future RTB outlet to convey discharges from
the proposed stormwater pumping station to the Detroit River should be evaluated. If
this strategy is adopted, mitigation measures may be required to verify that the
proposed storm flows do not affect the proposed RTB operation. Furthermore, the
proposed RTB Environmental Compliance Approval (ECA) will need to document the
proposed pumping station connection and any associated monitoring and reporting
requirements.

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.
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The proposed Prospect Avenue stormwater pumping 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.

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

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.
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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.
Rain catchers are seals placed between the MH frame and cover to reduce surface
water flows from entering the sanitary system.

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 13 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 176.1 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 176.3 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 176.3 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 176.3 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

In 2019, the City of Windsor completed an environmental assessment for a proposed
retention treatment basin located on the west side of Ojibway Parkway, near 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.

N

City of Windsor

West Windsor Flood Risk Study - Climate Change Risk
Assessment

January 2023 —21-2409 (Revised February 28, 2023)



5.3.2.4

Engineering Assessment (PIEVC Step 4) 54

—

Prince Road Trunk Storm Sewer Outfall and Pumping Station

5.3.2.5

The City of Windsor SCFPMP completed in 2020 (Dillon and Aquafor Beech) identified
the need to separate all combined sewers with separate storm and sanitary systems.
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
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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.

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;

¢ 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
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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.

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

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

5.3.4.1 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 176.3 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
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change water level of 176.3 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
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 176.3 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 176.3 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
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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:

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.
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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.

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

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;
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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.

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.
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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.

Table 14: Cost Estimate Summary

Solution
Solution Cost Additional Costs
Install Backflow Prevention at CSOs along Detroit River $2.7M |Functional Design, Property
Acquisition if Required
LRWRP RTB! S75 M Property Acquisition if
Required
Combined Sewer Separation? $747 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 S0.2M 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
k TOTAL | $852.1 M
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Solution
Solution Cost Additional Costs
Notes:

Based on costs presented in the corresponding Environmental Assessment (Stantec, 2019).
Based on costs presented in the SCFPMP (Dillon and Aquifor Beech, 2020).

Based on costs presented in the corresponding Environmental Assessment (Stantec, 2022).
Based on costs presented in the Drainage Report (Landmark, 2022).

B w N R

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
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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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Comparison Score: 0/5/10

Source of Comparison Data and

levels and for solutions that mitigate surface flood

risk.

mitigated by the
solution.

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

mitigated by the
solution.
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TBL Ranking Criteria

Methodology and Indicator

Weighting

Comparison Score: 0/5/10

Source of Comparison Data and

0 5 10 Comments

Access Risk - Level of Risk to Roadways or Higher priority and need for action if surface Solution mitigates | Solution mitigates | Solution mitigates | Road classifications from the City’s Data

Railway Crossing flooding along major arterial roadways impacts for flooding along flooding along flooding along System (2021).
emergency access and continue critical Collector Arterial Roadways | Arterial roadways
transportation connections. roadways. and Railway

2 Corridors —
Including critical
connections
(hospital routes,
border access).

Public Confidence and City Reputation Higher priority and need for action if greater Low Density of Mid Level Density High Density of High Density = Residential/Urban Areas
population density in area (reflecting potentially homes/businesses | of homes/ homes/businesses | Mid Level Density = Commercial
displeased citizens) within area businesses within within area Developments, Industrial Sites

1 impacted by area impacted by impacted by Low Level Density = Vacant and Industrial

potential service potential service potential service Sites.
disruptions. disruptions. disruptions.

Level of Disruption to Archaeological and Higher priority and need for action in areas with Significant impact Not Used Minimal impact to | Any excavation works along the

Cultural Heritage Resources greatest flooding risks associated with high water to Archaeological Archaeological and | waterfront areas (high archaeological
levels and for solutions that mitigate surface flood and Cultural Cultural Heritage risks) or construction impacts to private
risk. Heritage Resources due to property areas that may contain built

2 Resources due to construction heritage features and/or cultural
construction excavations and landscapes such as parks, naturalized
excavations and new infrastructure. | areas.
new infrastructure.

ENVIRONMENTAL

CSO overflows Higher priority and need for action if solution Lowest reduction Not Used Highest reduction | High reduction of CSO events may be
reduces CSO overflow risks. of CSO Frequency. of CSO Frequency. | attributed to solutions that reduce

2 stormwater inflow or reduces the HGL in

the sanitary system.

Risk of contaminants reaching Detroit River | Higher priority and support for action if solution Does NOT notably | Reduces amount Prevents or Contaminant risk associated with sewage

or other sensitive habitat. reduces land contamination risks for sensitive reduce of contaminants contains land backup from combined sewer on surface.
habitat and the Great Lakes Area of Concern contaminant risks. | from reaching contaminants from

2 Detroit River or reaching Detroit

sensitive habitat. River or sensitive
habitat.

Reduces GHG and/or air quality emissions. Higher priority and support for action if solution May add to GHG Potential for Qualitative evaluation (e.g., additional
offers emission or GHG reductions (e.g. reduces emissions (e.g., emission electricity, additional LRWRP treatment,
loads on LRWRP, reduced electricity for pumping) 2 increased reductions. etc.)

electricity, fossil
fuel needs).
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TBL Ranking Criteria Methodology and Indicator Weighting Esmpansont s ore D SR O (o LI (2D Ee
0 5 10 Comments
Human Health and/or Wellbeing Higher priority and support for action if the public Does not increase | Improves at |least Improves two or Human health is associated with reduction

can be warned and can take action to reduce their public response one of: Increases more of: Increases | in basement flood risk or reduction of
health and safety risks, encourage inclusion and times to reduce of | public response public response surface flooding. Wellbeing is associated
well-being (e.g., shading, parks, recreation). health and safety times to reduce times to reduce odour nuisance, aesthetics, beneficial

risks (e.g., sewer health and safety health and safety uses, well-being and associated human

2 backup, escape risks; Improves risks; Improves health.

from heavy well-being or well-being or

flooding hazards). human health. human health.

Does not improve

well-being or

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.
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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
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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 Pumping 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 Pumping Station Monitoring 40
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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.
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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
pumping 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

N

The following comments and recommendations were developed based on the results of
the PIEVC assessment and stakeholder input:

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 pumping 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;

Chippewas of the Thames First Nation shall be notified and provided the
opportunity to actively participate in future archaeological assessments
conducted to support the projects identified in this Study;
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e Ongoing consultation with Hydro One is required for solutions that could affect

its infrastructure; and
e 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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PIEVC Engineering Protocol

For

Infrastructure Vulnerability Assessment and Adaptation
to a Changing Climate

Worksheet Step 1

Project Definition

Revision 1.1

Effective March 30, 2020, the PIEVC Program is operated jointly by the Institute for
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2015



PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

Catastrophic Loss Reduction (ICLR), the Climate Risk Institute (CRI), and Deutsche Gesellschaft
fir Internationale Zusammenarbeit (GIZ).

The PIEVC Protocol and all associated materials (and all rights therein) are owned by the
Institute for Catastrophic Loss Reduction (ICLR).

For further information about this Engineering Protocol or the PIEVC Program please contact
ICLR.

Dan Sandink, ICLR

210-20 Richmond St. E.
Toronto, Ontario, Canada
M5C 2R9

dsandink@iclr.org

(416) 364-8677 Ext. 3212
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

Instructions

This worksheet is designed to allow practitioners to document that they have actively considered
and evaluated each step of the Protocol. The worksheet also provides a document were
practitioner considerations regarding each task of the Protocol are recorded.

Complete Every Field

To ensure complete coverage of the Protocol steps, when completed, the practitioner
should have entered a response in every field of this worksheet.

Document Tasks That Do Not Apply

Where a particular task is not relevant to the current assessment:

=  Enter N/A in the relevant field of this worksheet and
=  Provide rational for the decision in the comments field of the task.

Document Tasks That Are Omitted

Where a practitioner has chosen to omit a particular step of the Protocol:

=  Enter OMITTED in the relevant field; and
=  Provide rational for the decision in the comments field of the task.

Page 3 of 14
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

Protocol for Changing Climate Infrastructure Vulnerability
Assessment

Practitioners are strongly cautioned to avoid the following common pitfalls in executing a
vulnerability assessment based on the Protocol.

i.  Skipping Protocol tasks.

Although it is acceptable to select to not execute a particular task, the practitioner
should nonetheless evaluate the question posed by that task and document the basis
for the decision.

ii.  Using previous case study reports as a template for the analysis.
Although previous studies provide an excellent reference, the application of the
Protocol is highly specific to infrastructure. Applying previous case studies as a
template can often lead the practitioner to miss key factors that contribute to the
overall risk profile of the infrastructure.

iii.  Using the worksheets without reference to the Protocol.

Although the worksheets parallel the Protocol, they do not provide supplementary
context that may be necessary to correctly address the specified Protocol task.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

1 Step 1 — Project Definition

In this step the practitioner will define the global project parameters and boundary conditions for
the engineering vulnerability assessment. This step will define:

=  Which infrastructure is being assessed;

= [ts location;

= Climatic, geographic considerations; and
= Uses of the infrastructure.

This is the first step of narrowing the focus to allow efficient data acquisition and vulnerability
assessment.

The process flowchart for Step 1 of the Protocol is presented in Figure 1.

Figure 1: Step 1 - Project Definition Process Flowchart
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PIEVC Engineering Protocol

For

Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

1.1 Prepare Step 1 Worksheet

Enter Yes or No

a. Use this Worksheet; or

Yes

b. Prepare practitioner specific documentation.

1. Practitioner specific documentation MUST detail each
task outlined in this step of the Protocol.

Comments and Observations

Additional documentation also provided in the main Assessment Report, including Triple
Bottom Line solutions costing and benefits.

1.2 Identify the Infrastructure

a.

Choose the infrastructure to be evaluated
for changing climate vulnerability.

Storm water infrastructure (pump
stations), sewage infrastructure
(sewers, catch basins, and backflow
preventers), drainage infrastructure,
storage infrastructure, sanitary and
combined sewer infrastructure, storm
sewer infrastructure. Public and
private Infrastructure

Provide a general description of the
infrastructure.

Basic and physical systems and
services that are needed in order for
the waste and storm water and for
transportations systems to function

properly

Reference additional background and
detailed information sources.

Asset listing excel and master plan
reports, as references in the main
Assessment Report and in subsequent
worksheets.

Comments and Observations
More detailed infrastructure systems details found in worksheets and main report.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

1.3 Identify Climate Parameters

a. State the climate parameters that will be considered in the evaluation.

Add rows as necessary.

1. Based on professional judgement, identify which climate trends and weather
events may contribute to infrastructure vulnerability.

Extreme rainfall — extreme 4 hour rainfall at 5 and 100 year return periods

Extreme wind gusts

Heavy snowfall accumulations, snowmelt + rainfall events

Tornado frequencies

Regionally extreme ice storms

Weathering via freeze-thaw processes — annual, frequencies above threshold

numbers

Extreme High Water Level (100 year climate change potential HWL)

e Weathering: Freeze Thaw Cycles annually; frequency of at least 30 freeze-thaw
cycles

e Extreme heat events, if relevant to assets

i. Based on professional judgement, identify which climatic trends and/or weather
events may combine to create infrastructure vulnerability.

e Current High Water Level + wave action (freeboard)

¢ Combination events: Current High water levels (100 year HWL) + minor event rainfalls
(5 year return period)

¢ Combination events: Current High water levels (100 year HWL) + major event rainfalls
(100 year return period)

¢ Combination events: Extreme High water levels (100 year climate change potential
HWL) + major event rainfalls (100 year return period)

¢ Combination events: Extreme High water levels (100 year climate change potential
HWL) + minor event rainfalls (5 year return period)

¢ Combination events: Extreme High water levels (100 year climate change potential
HWL) + major event rainfalls (100 year return period)

1.4 Identify the Time Horizon

a. Define the period over which the Baseline or Current, 2050s and 2080s
infrastructure must operate and for
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PIEVC Engineering Protocol

Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

For

which climate trends will be projected
for the engineering vulnerability
assessment.

Comments and Observations
N/A

© Institute for Catastrophic Loss Reduction

2015
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

1.5 Identify the Geography

Add rows as necessary.

Summarize site-specific, local, and/or geographical features relevant to the evaluation.

Located on the south bank of Detroit River

The topography of this area is mostly flat without significant change in slopes. The
area lies within Little River, Turkey Creek and Detroit River watersheds

The majority of Windsor consists of clay soils, which have low infiltration rates

Within the city, the two major wastewater treatment plants are: (1) Lou Romano Water
Reclamation Plant (LRWRP) and (2) Little River Pollution Control Plant (LRPCP)

The main receiving water courses that influence flood relief solutions include: Detroit
River, Little River, Grand Marais Drain, Lennon Drain and Cahill Drain

The West Windsor study area is divided into three specific zones that account for
similarities in climate, hydrology, land use and river influences : (1) Zone 1 “inland”
residential, institutional and industrial; (2) Zone 2 shoreline industrial; and (3) Zone 3
industrial and parkland

Provide references.

Appendix D - Technical Volume 1: Sewer Model Development & Existing Conditions,
Sewer and Coastal Flood Protection Master Plan Report

Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) Soil distribution

Comments and Observations

1.6 Identify Jurisdictional Considerations

Add rows as necessary.

a.

List the jurisdictions, laws, regulations, guidelines and administrative processes that

are applicable to the infrastructure.

e 1995 National Marine Policy - laid out a detailed framework for Canada’s marine
transportation system.

e 1998 Canada Marine Act (S.C. 1998, c. 10) — created 17 ports, designated others
a public ports, gave Minister of Transport certain authorities

e Section 10 of the Rivers and Harbours Act of 1899 (33 U.S.C. 403) - U.S.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

federal jurisdiction applies to projects affecting federal navigation works

Section 404 of the Clean Water Act (33 U.S.C. 1344) - U.S. federal jurisdiction
applies to projects affecting federal navigation works

Natural Resources Environmental Protection Act - This statute is divided into
numerous parts, which address many of the different and complex components of
resource management and environmental protection

Section 33 Fisheries Act (R.S.C., 1985, c. F-14) - Projects affecting levels and
flows in Canadian waters come under federal aegis through federal responsibilities
for fisheries

Navigable Waters Protection Act (R.S.C., 1985, c. N-22) - Projects affecting
levels and flows in Canadian waters come under federal aegis through federal
responsibilities for fisheries

Canadian Environmental Assessment Act of 1995 (S.C. 2012, c. 19, s. 52)

Public Lands Act (R.S.0. 1990, c. P.43) - Provincial control is exercised through
the Ontario Ministry of Natural Resources and its Public Lands Act and Lakes and
Rivers Improvement Act

Rivers Improvement Act (R.S.0. 1990, c. L.3) - Provincial control is exercised
through the Ontario Ministry of Natural Resources and its Public Lands Act and
Lakes and Rivers Improvement Act

Emergency Management and Civil Protection Act (R.S.0. 1990, c. E.9) —
enables emergency response plans

Conservation Authorities Act (R.S.0. 1990, c. C.27) - Control has also been
delegated to the local level through the Conservation Authorities Act

By-Law No. 1 Harbour Fees and Cargo Rates - effective May 1, 2019 - a By-Law
fixing the fees to be paid to enter or use the Port of Windsor

By-Law No. 2 Wharfage Rates - effective May 1, 2019 - a By-Law fixing the fees
to be paid in respect of Wharfage

Boundary Waters Treaty of 1909

Canada Coast Guard and WPA Memorandum of Understanding

St. Clair and Detroit River Navigation Safety Regulations (SOR/84-335)

Port Authorities Operations Regulations (SOR/2000-55)

Port Authorities Management Regulations (SOR/99-101)

Marine Transportation Security Regulations (SOR/2004-144)

Port of Windsor Practices and Procedures

Federation of Canadian Municipalities (FCM)

Canadian Society of Civil Engineers (CSCE),

Canadian Public Works Association (CPWA)

Canadian Construction Association (CCA)

Provide references.

e City of Windsor — Corporate Asset Management Plan, July 16, 2019
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

e See main report for various climate study references

Comments and Observations

1.7 Site Visit

a. Conduct a site visit.

If Site Visit Not Conducted — Explain Why and Provide Supporting Information
COVID-19 restrictions limited site visits for much of the study period. Several of the team
members are located in Windsor and provided needed site and regional information. As well,
many of the assets and sites were investigated when various Dillon team members
developed a 2020 City of Windsor Sewer and Coastal Flood Master Plan Report. The Dillon
Project Manager also undertook a personal site visit.

b. Based on information gathered to date, conduct interviews with facility owners and
operating personnel in order to field-test and validate initial project definition findings.

Notes and Observations from Interviews

Several online interviews were arranged, including discussions with: City Parks; Wastewater
operators including manager; ENWIN Utilities Ltd who manage the electricity distribution
system and Water Utilities Commission services for the City of Windsor; Windsor Port
Authority; other City of Windsor employees (see next paragraph).

Note: Several workshops and many discussions were undertaken with stakeholders to
discuss approach, preliminary findings, interim and final results and solution options.
Stakeholders in discussions included City of Windsor staff (= 10 members) as well as police,
Conservation Authority, Windsor Port Authority, County of Essex, etc.

c. Examine infrastructure and local geographical features as they may apply to the
vulnerability assessment.

See an attached list of critical assets approved by City of Windsor for risk assessment.

Notes and Observations from Infrastructure Examination

i.  Note key observations and areas for follow-up in subsequent assessment steps.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

Key Observations

e Threshold criteria established based on interview results, forensic investigation of past
high impact events, hydraulic and hydrological modelling results (calibrated as best
possible for events and against elevations and locations) and approved by City .

o See attached Tailored Thresholds Severity Scale and see Main Report for summaries of
key observations and subsequent forensic investigations of events.

Additional Comments and Observations
N/A

1.8 Assess Data Sufficiency

Review the data set developed in Sections 1.1 through 1.7.

Add rows as necessary.

a. Where assumptions are proposed for the assessment, identify these as such and provide
a rationale for their use.

Assumption Rationale

Nil N/A

Very few assumptions were required for this assessment since the assets and their conditions
were relatively well known in developing the 2020 Sewer Master Plan. The climate data was
available from the Windsor International airport with climatologically representative
measurements and since calibrated hydrology and hydraulic modelling was available for
integration with the climate analyses.

Climate change projections were based on peer-reviewed literature and studies and, as
needed, from ensemble climate change projections based on the IPCC AR5 models.

Page 12 of 14

© Institute for Catastrophic Loss Reduction
2015



PIEVC Engineering Protocol
For

Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

b. Document where there is insufficient information currently available to proceed with
an element of the assessment.

See section (a) above. This study was a comprehensive PIEVC assessments that included
significant and comprehensive hydrology and hydraulic modelling support, previous asset
condition information and was complemented with a full costing and evaluation of risk
reduction solutions, benefits and environmental impacts via a Triple Bottom Line assessment.

Insufficient
Information

1. Where there is
insufficient
information currently
available, identify a
process to develop or
infill that data.

1. Where data cannot be
developed, identify the
data gap as a finding in
Step 5 of the Protocol
— Recommendations.

Projections for future
lake levels were
conflicting. A recent
flooding risk
assessment of assets
just north of this study
area indicated that the
lake level results from a
2011 study used in that
risk assessment
required review and
updating, particularly in
light of the extreme low
and high levels of the
past decade.

Projections of Great Lake and
connecting river levels are
exceedingly complex and
conflicting. A comprehensive
literature review of all Great
Lake level studies was
undertaken to update the earlier
PIEVC assessment for nearby
region. Additional study results
were added to the earlier 2011
lake level projections under
future climate conditions.

The earlier suggested lake level
increases based on a previous
PIEVC study (i.e. based on a
2011 study) were modified to
indicate that future lake levels
could not be projected with
confidence, that the previous
projected lake levels likely were
high compared to more recent
studies and climate change
projections and that lake levels
were likely to remain highly
variable.

Further information is
needed on river ice
conditions, impacts of
ice jams on river water
levels (relatively short-
lived) and on shoreline
erosion risk locations.

Databases would need to be
developed on historical river ice
conditions and erosion impacts
for the shorelines of interest.
Relatively to other risks, this
would require significant efforts.

See main report and PIEVC
sheet #2.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 — Project Definition

Date: November 15, 2022

Prepared by: Simon Eng and Heather Auld
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PIEVC Engineering Protocol

For

Infrastructure Vulnerability Assessment and Adaptation
to a Changing Climate

Worksheet Step 2

Data Gathering and Sufficiency

Revision 1.1

Effective March 30, 2020, the PIEVC Program is operated jointly by the Institute for
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

Catastrophic Loss Reduction (ICLR), the Climate Risk Institute (CRI), and Deutsche Gesellschaft
fir Internationale Zusammenarbeit (GIZ).

The PIEVC Protocol and all associated materials (and all rights therein) are owned by the
Institute for Catastrophic Loss Reduction (ICLR).

For further information about this Engineering Protocol or the PIEVC Program please contact
ICLR.

Dan Sandink, ICLR

210-20 Richmond St. E.
Toronto, Ontario, Canada
M5C 2R9

dsandink@iclr.org

(416) 364-8677 Ext. 3212
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

Instructions

This worksheet is designed to allow practitioners to document that they have actively considered
and evaluated each step of the Protocol. The worksheet also provides a document were
practitioner considerations regarding each task of the Protocol are recorded.

Complete Every Field

To ensure complete coverage of the Protocol steps, when completed, the practitioner
should have entered a response in every field of this worksheet.

Document Tasks That Do Not Apply

Where a particular task is not relevant to the current assessment:

=  Enter N/A in the relevant field of this worksheet and
=  Provide rational for the decision in the comments field of the task.

Document Tasks That Are Omitted

Where a practitioner has chosen to omit a particular step of the Protocol:

=  Enter OMITTED in the relevant field; and
=  Provide rational for the decision in the comments field of the task.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

Protocol for Changing Climate Infrastructure Vulnerability
Assessment

Practitioners are strongly cautioned to avoid the following common pitfalls in executing a
vulnerability assessment based on the Protocol.

i.  Skipping Protocol tasks.
Although it is acceptable to select to not execute a particular task, the practitioner
should nonetheless evaluate the question posed by that task and document the basis
for the decision.

ii.  Using previous case study reports as a template for the analysis.
Although previous studies provide an excellent reference, the application of the
Protocol is highly specific to infrastructure. Applying previous case studies as a
template can often lead the practitioner to miss key factors that contribute to the
overall risk profile of the infrastructure.

iii.  Using the worksheets without reference to the Protocol.

Although the worksheets parallel the Protocol, they do not provide supplementary
context that may be necessary to correctly address the specified Protocol task.

Page 4 of 40

© Institute for Catastrophic Loss Reduction
2020



PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

2 Step 2 — Data Gathering and Sufficiency

In this step the practitioner will provide further definition regarding the infrastructure and the
particular climate trends that are being considered in the evaluation. The practitioner will
undertake a data acquisition exercise and identify where, in their professional judgment, the data
is insufficient. Data insufficiency may arise from:

= Poor quality;
= High levels of uncertainty; or

= Lack of data altogether.

This step further focuses the evaluation and starts to establish activities to infill poor quality or
missing data.

The process flowchart for Step 2 of the Protocol is presented in Figure 2.

Figure 2: Step 2 — Data Gathering and Sufficiency Process Flowchart
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

2.1 Prepare Step 2 Worksheet

Enter Yes or No

a. Use this Worksheet; or Yes

b. Prepare practitioner specific documentation.

1. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.

Comments and Observations
Tasks also outlined in the main Assessment Report.

2.2 State Infrastructure Components

Add rows as necessary.

a. List the major components of the infrastructure that are influenced by climate.

1. Only select those infrastructure components that, in the practitioner’s
professional judgment, are relevant to this assessment.

ii. Where available, review operations incident reports, daily logs and reports to
assist in the identification of infrastructure components with a history that could
result in vulnerability and are relevant to this process.

iii.  Interview infrastructure owner’s operators and maintenance staff to identify
historical events that may not be documented or retrievable from databases and
evaluate if these events are relevant to this assessment.

¢ Lou Romano Water Reclamation Plant (and storage)

e Stormwater Infrastructure including catchment basins

e Sewage Infrastructure; Combined sewers; Combined sewer outfalls; Pumping stations

¢ Drainage Infrastructure (channel drainage, monitoring systems)

e Gordie Howe Bridge (under final construction) and its approaches, drainage,etc;
Ambassador Bridge entrances and ramps

e Public Infrastructure (road surfaces, culverts)

e Other Public/Private infrastructure (rail lines, electrical distribution systems, drinking
water systems, Port, Biosolids Processing Plant, etc)
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PIEVC Engineering Protocol
For

Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

e Parklands and boat launches; Black Oat Heritage Park; Port; Playgrounds; Walking

trails, etc

Private Infrastructure (buildings, facilities, etc)

Windsor salt Mine, facilities, buildings, etc

Rail tracks and lands

Detroit-Windsor Truck Ferry facilties

Other critical Third party Assets — electrical transmission and distribution stations

Residental areas serviced by combined sewers

Detroit River and its water levels (+ ice cover + shoreline erosion)

b. Provide references.

See attached listing of assets and climate thresholds used for these

assets. Worksheets #3

and #4 also include a detailed listing of all assets that were included in the PIEVC assessment.

Comments and Observations
N/A

2.3 State the Time Horizon for the Assessment

a. State the period over which the infrastructure must
operate.

Windsor Asset Management Plan, 2018

1. Roads and Alleys:
25-45 years

2. Structures: 100
years

3. Wastewater: 24-75
years

4. Stormwater: 75-
100 years

5. Riverfront Parks
Shore wall: 50-75
years

6. Trails: 20 years, a
few trails with 30-
50 years

b. State the design life of the infrastructure components. 1.

City of Windsor Asset Management Plan, 2018 and City of 2.
Windsor Sewer and Coastal Flooding Master Plan Report, 2020

Temporary structures:
10 years.

Replaceable structural
parts: 10 to 25 years.

© Institute for Catastrophic Loss Reduction
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Agricultural and similar
buildings: 15 to 30
years.

Building structures and
other common
structures: 50 years.
Monumental building
structures, bridges and
other civil engineering
structures: 100 years.
Storm Sewer: 1:2 year
to 1:5 year Rainfall
Event

c. Document the maintenance and/refurbishment schedule 1.
for the infrastructure as it may apply to the useful service
life of the infrastructure.

City of Windsor Asset Management Plan, 2018 — Sections 3, 5 2.
and Appendix G
3.
4.

Road segment
inspection schedule:
once a yearto a
minimum of once in 7
year

Structures ( i.e. bridges
and culverts (over a
3m span)) are
inspected every two
years in accordance
with the Ontario
Structure Inspection
Manual (OSIM)

Storm and Sanitary
Sewer Network: The
zoom camera sewer
inspection project will
be formulated for a 5-
year city-wide cycle
program to cover 90%
of the entire network.
Buried or not found
manholes will be
inspected on a 2-year
basis as they are
located

Projected maintenance
schedule for Lou
Romano Water
Reclamation Plant,

© Institute for Catastrophic Loss Reduction
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Little River Plant and
45 Pump Stations is 20
years

5. Roads that are in fair
condition need
rehabilitation within 5
to 10 years of
becoming deficient

6. Roads that are in good
condition need
rehabilitation within 6
to 10 years of
becoming deficient

d. State the useful service life remaining in the Variable. Some assets are

infrastructure components. well beyond their
serviceable lifespans,
others within 5 years of
remaining service life while
other assets have recently
been replaced or will be
constructed in the near
future.

Comments and Observations

References and sources include: Client interviews and workshops; Various sections and
appendices of the 2018 City of Windsor Asset Management Plan; 2020 City of Windsor
Sewer and Coastal Flooding Master Plan Report. All assets for consideration in the
assessment were approved by the City of Windsor and collaborating agencies.

2.4 State the Geography

Add rows as necessary.

a. List the major features of the local geography that may influence the microclimate of
the infrastructure or impose peripheral risk.

1. Specifically identify hills, valleys, river systems, lakes, ocean frontage that may
moderate the climate parameters considered in the evaluation.

ii. Only select those geographical features that, in the practitioner’s professional
judgment, are relevant to this assessment.
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Site area is located on the south bank shoreline of the Detroit River

The topography of this area is mostly flat without significant change in slopes, although
the general slope of the land surface is towards the Detroit River

The soil type within the study area mainly consists of native silty clay, often overlain with
thin and discontinuous sand and gravel deposits closer to the Detroit River. Industrial
land use areas, especially near the Detroit River, include landfills, salt mine waste,
quarries, aggregate excavations and sewage lagoons. Soils along the bank of the
Detroit River are considered to be relatively well drained with higher infiltration rates.
Further inland, soils are relatively poorly drained with lower infiltration rates. Some
shoreline areas are subject to soil erosion, particularly during high water levels.

Provide references.

Geotechnical Review of Selected Sites for the City of Windsor Sewer and Coastal
Flooding Master Plan Report, 2020

Appendix D - Technical Volume 1: Sewer Model Development & Existing Conditions,
Sewer and Coastal Flood Protection Master Plan Report

Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) Soil distribution

Flood Risk study memo

Comments and Observations

N/A

2.5 State Specific Jurisdictional Considerations

a. As applicable, itemize: b. Provide
references.
= Jurisdictions that 1. 1995 National Marine Policy | Publicly available
have direct 2. Section 404 of the Clean
control/influence on Water Act (33 U.S.C. 1344)

3. Section 10 of the Rivers and

the infrastructure;
Harbours Act of 1899 (33

U.S.C. 403)
= Sections of laws and 1. By-Law No. 1 Harbour Fees | Publicly available
bylaws that are and Cargo Rates - effective
relevant to the May 1, 2019 - a By-Law

fixing the fees to be paid to
enter or use the Port of
Windsor

2. By-Law No. 2 Wharf age

infrastructure;
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Rates - effective May 1, 2019
- a By-Law fixing the fees to
be paid in respect of Wharf
age

Sections of
regulations that are
relevant to the
infrastructure;

Natural Resources Environmental
Protection Act: - This statute is
divided into numerous parts, which
address many of the different and
complex components of resource
management and environmental
protection

Publicly available

Standards that are
relevant to the
design, operation and
maintenance of the
infrastructure;

1. City of Windsor Standard
Specifications for Sewers (January,
1999)

2. City of Windsor Standard
Specifications for Maintenance
Holes and Catch basins (March
2018)

3. City of Windsor Standard
Specifications for Sewer Pipeline
and Culvert Rehabilitation by Cured-
in-Place Pipe (May, 2017)

4. City of Windsor Standard
Specifications for Culverts,
Headwalls and Roadside Drainage
(May, 2017)

5. City of Windsor Standard
Specifications for Cleaning of Gravity
Sewers, Manholes and Catch basins
(January, 2015)

6. City of Windsor Standard
Specifications for Bridges

7. Highway Drainage Design
Standards, Ontario Ministry of
Transportation

8. Ministry of the Environment
Design guidelines for Sewage Works

Standard
Specifications, City
of Windsor
(https://www.citywi
ndsor.ca/business/
buildersanddevelop
ers/Pages/Standar
d-
Specifications.aspx

)

Guidelines that are
relevant to the
design, operation and
maintenance of the
mfrastructure; and

1. Windsor/Essex Region
Stormwater Standard Manual:
Provides guidelines regarding
detailed design of storm sewer
infrastructure

2. City of Windsor Development

City of Windsor
Website:
https://www.citywin
dsor.ca/business/b
uildersanddevelope
rs/Pages/Municipal
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Manual

3. Street Lighting Design and
Installation Guidelines, City of
Windsor

4. MECP (May 2020) LID stormwater
management guidance manual

-Infrastructure-
Requirements.aspx

Infrastructure
owner/operator
administrative
processes and

policies as they apply
to the infrastructure.

City of Windsor Standard
Specifications for Replacement of
Private Drain Connections (May,
2017)

Also see City of
Windsor Sewer
and Coastal
Flooding Master
Plan Report

Comments and Observations

N/A
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2.6 State Other Potential Changes that May Affect the Infrastructure

maintenance of the infrastructure:

a. Identify and document other factors that can affect the design, operation, and

infrastructure.

1. Document changes in use pattern that | e
increase/decrease the capacity of the

City’s population is expected to grow over
the next 25 years - up to 35% population
growth projected overall, but not all areas
will be equally impacted. The assets and
services for the increased population need
to become climate resilient. (Ontario
Ministry of Finance, 2021)

City’s capital plan includes improved traffic
flow; reduced basement flooding; repairs to
various bridges and sidewalks; expanded
park facilities and trails; upgraded building
facilities.

The construction of the Gordie Howe
International Bridge under Windsor-Detroit
Bridge Authority provides some benefits to
the City via traffic redirection, regional
drainage upgrades and improvements and
plans to upgrade and slightly raise
Sandwich Street.

Other in progress changes include
construction or upgrades to the Lou
Romano RTP, McKee Park and the Prince
Road Outlet as potential solutions to
existing flooding issues.

ii. Document operation and
maintenance practices that
increase/decrease the capacity or
useful life of the infrastructure.

Roads and Sidewalks:

Alley Maintenance: Paved alleys are
maintained on an as-needed basis,
Gravel alleys are re-graded twice per
year

Bridge Maintenance: The City of
Windsor maintains 84 bridges and 216
municipal culverts Repairs include
parapet walls, bearing plates, deck
rehabilitation, foundation repairs, bridge
washing, and total reconstruction
Public Fence Repair: The Operations
Department repairs damaged public
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fences in right-of-ways, such as
walkways and along railways. The Parks
Department repairs fences within the
City's parks.

¢ Road Maintenance: Includes pothole
repair, road rehabilitation, repairing and
replacing curb and gutter. Shoulder
grading is carried out twice per year on
all rural cross section roads

1. Document changes in management e Community Energy Plan (CEP) by the
policy that affect the load pattern on City of Windsor: Identifies ways to
the infrastructure. improve energy efficiency, improve
energy security, and reduce greenhouse
gas emissions while contributing to the
overall quality of life of the Windsor
¢ Climate Resilient Home: The City of
Windsor has retrofitted a City-owned
home built in the City’s core in the 1920s
with the goal of reducing the risk of
basement flooding
e Sewer Master Plan: The Sewer Master
Plan will take a system-wide approach to
identify specific improvement projects
that can be undertaken by the City to
improve sewer efficiency and reduce the
risk of flooding caused by wet weather
o Corporate Climate Action Plan (CCAP)
¢ Climate Change Adaptation Plan

iv. Document changes in laws, Changes in Ontario Building Code and
regulations and standards that affect | relevant standards from their historical load

the load pattern on the infrastructure. requirements were considered as needed.

Comments and Observations
N/A

References: City of Windsor web site
e City of Windsor web site https://www.citywindsor.ca/residents/building-Windsors-
Future/Pages/Capital-Plan.aspx
e City of Windsor Asset Management Plan,
e https://www.citywindsor.ca/residents/environment/climate-change-adaptation/climate-
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resilient-home/Pages/default.aspx

2.7 Identify Relevant Climate Parameters

Add rows as necessary.

a. List the relevant climate parameters
associated with the design,
development, and management of
the infrastructure.

1. Use the Climate Parameter List
provided in Appendix A as a

guideline.
ii. Additional guidance can be

found in:

= The PIEVC Data Integrity
and Availability Review
and/or

»  Environment Canada’s
National Climate Data
Archive

(http://climate.weatheroffice.

ec.gc.ca/Welcome e.html).

b. State the climate information
source(s). Sources may include,
but are not limited to:

= National Building Code of
Canada Appendix Tables

= Intensity Duration Frequency
(IDF) curves,

* Flood plain mapping,

= Heat units,

*= Water elevation

= Etc.

Extreme Rainfall

City of Windsor guidance and
recommendations; Forensic analysis of past
events; Interviews, Analysis of Windsor and
Detroit Airport rainfall data; Review of
published and climatologically representative
studies on historical rainfall events;
Newspaper reports, etc; Detailed hydrology
and hydraulics modelling for Detroit River and
sewer systems. See Assessment Report for
more details.

Great Lakes and Detroit River Water Levels

Analysis of historical water level records and
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and associated Flooding; Extreme River
Levels

return periods associated with past events;
IJC, NOAA and MNRF (Ontario) evidence
and studies on lake levels; Peer reviewed
literature on past and future lake and river
flooding frequencies; Detailed hydrology and
hydraulics modelling. Includes preliminary
review of river/lake ice and ice jam
contributions to water levels (less significant
than persistent high levels).

Literature review of climate change projected
lake levels, watersheds and
hydraulics/routing modelling studies to update
earlier lake level information.

Hydraulic and hydrological analysis of
extreme low water levels combined with
extreme rainfalls.

Snow accumulation/Melt

Analyses of Windsor and Detroit airport
historical records together with forensic
evidence; Newspaper reports; Professional
expertise on rainfall, water level, snowpack
and snowfall events

Tornado frequencies

ECCC and UWO updated tornado database
events; Newspaper reports; Professional
expertise on severe convective storm and
tornado events

Heat Events

Analysis of Windsor Airport data; Professional
expertise to identify critical heat thresholds

Major Ice Storm

Analysis of past ice storm events;
Professional expertise and interpretation of
major ice storm events and associated
modelling results (i.e. for overhead system
designs, etc); Review of several (scarce) ice
storm events, newspaper reports, etc.

Extreme Wind

Analysis of historical wind data from Windsor
and Detroit Airports (as relevant, mainly
captures synoptic scale events); Building
Code design limits and updates; Newspaper
damage reports, interviews; Professional
expertise in extreme wind events and impacts
on infrastructure.

Freeze/ thaw

Analysis of Windsor Airport freeze-thaw
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frequencies; Studies on critical thresholds for
freeze-thaw weathering impacts on concrete
and other materials; Professional expertise

Combined Events (HWL+Rainfall)

Detailed hydrology and hydraulics modelling
combined with analysis of I1JC river level data
and rainfall data, published studies,
newspaper reports

Climate Change Projections

Analysis of an ensemble of IPCC ARS climate
change projections using the Dillon climate
analytical system, peer-reviewed studies and
lake level modelling and projections (e.g.
McGill group, NOAA), ECCC climate change
guidance documentation, discussions with
U.S. Great Lakes Integrated Science and
Assessments (GLISA) unit, Great Lakes
Environmental Research Laboratory (GLERL)
studies, etc.

Comments and Observations

Data on river ice, ice jams and on shoreline erosion susceptible not available for further

analysis.
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2.8 Identify Infrastructure Threshold Values

Add rows as necessary.

a. For each climate parameter selected, identify a threshold value above which, or below
which, the infrastructure performance will be affected.

1.

Threshold values may be based on:

Codes;

Standards;

Engineering Guidelines;

Operating or Maintenance Procedures;
Professional Judgement; and/or
Otbher, as appropriate.

As appropriate, a number of different thresholds may be identified for a specific
climate parameter based on varying degrees of infrastructure response arising
from parameter values changing over a broader range.

In such cases, each parameter-threshold pair would be treated as a separate
event within the context of the assessment.

b. Clearly document the c. Provide justification
source of the for the threshold value
Threshold Value threshold value. selected.
Extreme Rainfall: Discussions with City, See attached document
e "Major" 100-yr Storm - interviews, design criteria, “West Windsor flood PIEVC
82 mm in 4 hrs, peak rate forensic analysis of past Assessment Tailored Severity
of 145 mm/h ’ events Scale” for summary of

"Minor" 5-year Storm -
50 mm in 4 hrs, peak rate

tailored thresholds identified
to be critical for various
stakeholders, impacts, city

29.5 mm/hr services in the
Rapid Snowmelt of Threshold based on 2014 Forensic analysis of past
snowpack: record breaking snowpack snowmelt flooding events
Snow water equivalent - (also 133 year Detroit record | (greatest snowpack); Results
85mm broken); Flooding impacts compared using snowpack

noted for study region; Past data and impacts for Detroit;
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emergency evacuations of
facilities due to snowmelt
flooding

Events where rivers and
ditches reached flood crest
stage by late winter.

Later stage stakeholder
consultations eventually
identified this parameter as
having lesser importance for
flooding (e.g. also dependent
on rates of late winter
warming).

Snow Accumulations:

Accumulation 250cm

See above snowpack
threshold for snow water
equivalent amounts.

Record-breaking 2013-14
Windsor Airport snowfall
accumulations >250cm -
agrees with snowpack data
from Detroit. Note that the
2013-14 winter broke the
previous record for 2004-05
accumulations of 226cm
(previous record).

High transportation impacts;
drainage assets buried; Many
of the rivers and ditches
reached flood crest stage
from water, snow or ice;
Local flooding; Building snow
overloading risks regionally.

Later stage stakeholder
consultations eventually
identified this parameter as
having lesser importance for
flooding (e.g. also dependent
on rate of late winter
warming).

Major Ice Storm:
>28mm accretion

Design ice loading criteria for
critical overhead systems
(electrical, communications);
Peer-reviewed studies and
professional expertise of
severe ice storms and ice
loading.

Internal Ontario ice storm
database to 2005; Peer-
reviewed studies on severe
ice storm events and risks.
Ice storms with more than 25
mm of freezing rain are
typically associated with
significant damage to trees,
telecom and overhead
infrastructure, and
correspond with design
thresholds for failure of
overhead electrical systems.

Extreme Wind:
>120km/hr

Analysis of Windsor Airport
wind gust records; Building
Code design criteria identified
120 km/hr as a damage

Widespread power outages,
potential structural damages
(beyond building cladding);
Professional expertise on
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threshold

See main report.

design wind
pressures/speeds with
potential for structural
damages

Tornado:
(E)F2+

ECCC and UWO tornado
database

Reasonable design
considerations for critical
assets; Professional
expertise on design basis
tornadic events and impact
thresholds

Weathering or
Freeze/Thaw cycling

Analysis of Windsor Airport
data

Annual frequencies and
number of 30-cycle plus
years

Freeze-thaw cycle impacts
are based on laboratory tests
of reinforced concrete
samples, which indicated that
visible damage can begin
after approximately 30
freeze-thaw cycles annually.
In both scenarios (total cycles
and 30-cycle increments),
although the future total
number of freeze-thaw cycles
decreases, this decrease is
not substantial but is likely to
remain of concern during the
mid-winter months.

Coastal Erosion Processes
City staff interviews,
stakeholder consultation as
well as the County of Essex
Hazard Identification and
Risk Assessment (HIRA;
County of Essex, 2019) all
indicated significant concerns
regarding shoreline erosion,
and it was therefore included
initially as a hazard for
consideration

No historical database could
be identified that captured
shoreline erosion risks along
the Detroit River. As a result,
the relative impacts, risks and
rate of change could not be
statistically evaluated

Not evaluated due to lack of
data

High River Levels (HWL):

e Current 100 year return
period HWL = 1759 m
from 2020

Detroit River IJC water level
records for representative
gauge site; Extreme value
analyses including extreme

high levels from 2020;

Significant coastal/river
flooding impacts resulted
from record high levels in
2020. Note that record low
levels were recorded in the
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e “Likely” (potentially
extreme) climate change
HWL =176.1 m

Comparison to analyses by
OMNREF for extreme high
water levels during the 1980s
and comparison to historical
data

period leading up to 2013.

Combination Events:
Detroit R High Water
Levels + Storm Rainfall

See next section 2.9

Comments and Observations

N/A

2.9 Identify Potential Cumulative or Synergistic Effects

Add rows as necessary.

a. Review the selected climate parameters and threshold values and evaluate the potential
cumulative impact of combining or sequencing weather events and/or climate trends to
assess the possibility of these combined events yielding a higher impact compound

event.

b. Include relevant cumulative or synergistic events on the list of climate parameters
carried forward for risk assessment.

i.  The practitioner must exercise professional judgment in establishing conceivable
combined or synergistic events to avoid assessing multiple, improbable,

combinations.

Cumulative and/or
Synergistic Event

Threshold Value

Justification

Combination Events:
Detroit R High Water
Levels + Storm Rainfall

See different thresholds
below
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Current 100 yr HWL + Major
rainstorm (100-year return
period, 4 hour)

Hydrology and hydraulic
modelling of the
representative portion of
Detroit River; Detailed
elevation data; Calibration
against past flooding events

Historical/current worst case
high water levels with
extreme rain storm (also
needed to assess
performance of river risk
reduction options under a
major extreme rainstorm and
for TBL evaluations of
solutions)

Current 100 yr HWL + Minor
rainstorm (5-year return
period, 4 hour)

Hydrology and hydraulic
modelling of representative
portion of Detroit River;
Detailed elevation data;
Calibration against past
flooding events

Historical/current worst case
high water levels with minor
rain storm (also needed to
assess river flood risk
reduction options under
moderate rainstorms for TBL
evaluations of solutions)

Potential Extreme Climate
Change HWL + Major rain
storm (100 year RP, 4-hour)

Hydrology and hydraulic
modelling of representative
portion of Detroit River under
best estimate of future
climate change high water
levels together with a major
extreme rainstorm; detailed
elevation data

Future climate change worst
case increased high water
levels combined with major
extreme rain storm (needed
to assess river flood risk
reduction options for land
drainage under extreme
rainstorms). See main report
discussions on probabilities
of lowering extreme high lake
levels under climate change
with high GHG emissions.

Potential Extreme Climate
Change HWL + Minor rain
storm (5 year RP, 4-hour)

Hydrology and hydraulic
modelling of representative
portion of Detroit River under
best estimate of future
climate change high water
levels together with a minor
rainstorm; detailed elevation
data

Future climate change worst
case high water levels
combined with minor rain
storm (needed to assess river
flood risk reduction options
for land drainage under minor
rainstorms). See main report
discussions on probabilities
of lowering extreme high lake
levels under climate change
with high GHG emissions.

Current 100-year return
period HWL + wave action
(freeboard)

Hydrology and hydraulic
modelling of representative
portion of Detroit River +
“safety factor” allowance for

Essex County HIRA +
historical forensic events for
extreme flooding conditions.
Note that climate change
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freeboard (wave action) projections of future river
levels are conflicting, with
more estimates for
decreasing levels after 2050s
than increases. Climate
variability from extreme high
to extreme low levels will
remain a concern.

Rainfall + hail and wind for Not evaluated in risk Considered for debris
debris assessment — other hazards | blocking stormwater
pose much greater risks drainage. Considered as

having a minor impact
relative to other flooding risks

Comments and Observations

¢ Initial investigation undertaken of impacts of ice jam and breakup events on extreme
winter flooding risks, but would need a database of ice jam and breakup events to
investigate further and quantify.

e Shoreline erosion impacts also of concern, but no databases are known that can capture
shoreline erosion risks along the Detroit River. As a result, the relative impacts and rate of
change could not be statistically evaluated

2.10 State Climate Baseline

Add rows as necessary.

a. List historical extreme weather events:

1. Identify the frequency of the events

ii. Identify the duration of the events

iii. Identify the date(s) of the events

iv. Identify the magnitude/intensity of the events

o

b. Ifdata is not available:

i. Based on professional judgement, infill missing data using reasonable assumptions
ii. Provide written justification/substantiation for the assumptions.

c. List the values that are chosen.
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d. Provide references.

Historic Extreme Weather
Event

Value

Reference

See West Windsor Flood
PIEVC Assessment Study
Tailored Severity Scale
(attached)

Various

EXAMPLE EVENTS — Many other events collected

Significant surface and
basement Flooding:
September 28, 2016

100 mm of rainfall over 24
hours on the east side of the
city

Appendix D - Technical
Volume 1: Sewer Model
Development & Existing
Conditions, Sewer and
Coastal Flood Protection
Master Plan Report

Significant surface and
basement Flooding: June
4,5,6, 2010

90 mm of rain fell in Windsor
between 11:00 pm

June 5th and 3:00 am June
6th

Appendix D - Technical
Volume 1: Sewer Model
Development & Existing
Conditions, Sewer and
Coastal Flood Protection
Master Plan Report

Significant surface and
basement Flooding: August
28/29, 2017

A maximum measured
rainfall amount of 212 mm
was logged southwest of
Huron Estates PS and 189
mm at the Howard Grade
Separation PS.

Appendix D - Technical
Volume 1: Sewer Model
Development & Existing
Conditions, Sewer and
Coastal Flood Protection
Master Plan Report

February 12, 2019

Morning, mainly impacts to
commute (vehicles,
pedestrians); However,
localized power outages

in City, including

scattered outages in S
Windsor, and ~1,000
customers out in

Riverside and Pillet areas
lasting a few hours (as of 3
PM same day);

imagery suggests total
accumulations ~10-15 mm

Windsor Star - February 13,
2019
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Date unknown, occurred in
1999 or 2000

Ice storm generated
widespread

Power outages, requiring
door-to- door well checks of
local residents.

P. Berry, pers. comm.

March 1-7, 1976

“Main brunt of the freezing
rain came on the 2nd and
3rd with isolated
thunderstorms giving 20—40
mm of freezing rain from
Windsor to just west of
Hamilton. Power outages in
some localities lasted as long
as eight days.”

Mclaughlan and Smith
indicate up to 10 or more
locally

Klaassen et al. (2003);
Mclachlan
and Smith (1976)

February 24, 2016 and
March 3, 2015: Events with
several hours of freezing rain
reported in media and in
airport weather records, but
no direct impacts could be
confirmed

Windsor Star; ECCC Online
Climate Data for Windsor
Airport

Record-breaking snowfall
accumulations winter 2013-
14; Previous record at 225.5
cm from 2004-05

249cm from Nov, 2013 to
April 2014; Previous record
2004-05 at 225.5 cm for
Windsor Airport (record
dates from 1940)

Windsor CTV News:
https://windsor.ctvnews.ca/it-s-official-
windsor-has-broken-its-all-time-snowfall-
record-1.1725689

https://www.csmonitor.com/USA/L atest-
News-Wires/2014/0415/Detroit-snow-
breaks-records-topples-power-lines-
creates-flooding-risk

Extreme Snowstorm: Feb. 1,
2015

More than 40 centimeters of
snow

CBC News, January 1, 2020

Flooding from 50mm rainfall
plus snowmelt, 2017-18

50mm rainfall on snowmelt

Windsor CTV news

https://windsor.ctvnews.ca/flooding-remains-
a-possibility-for-windsor-essex-and-chatham-
kent-1.3813067

Tornado: June 6, 2010

A series of tornadoes tracked
through Essex County

CBC News, January 1, 2020

Comments and Observations
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| N/A

3 State the Changing Climate Assumptions

Add rows as necessary.

a. Assess the relevancy and applicability of observed global, regional or site-specific

changing climate trends with respect to the infrastructure.

1. Document how these trends influence the infrastructure.

Trend

Influence

Increased precipitation:

Average (mean) annual precipitation
increased across Canada from 1948 to
2012. Due to insufficient data coverage
nationally, national precipitation trend
analyses of precipitation cannot be
updated after 2012.

For the Windsor area, total precipitation
trends from 1981-2019 indicate small
increases over the period (~60mm),
although the totals are highly variable from
year-to-year. The greatest increases were
observed for the autumn period. Similar
trends have been noted for the Detroit
area. Nonetheless, intense, localized
storms have been observed outside of the
Windsor Airport and within the City,
resulting in widespread flooding. The most
significant short duration rainfall trend
increases are noted for 24 hour rainfall
durations.

Increased total annual precipitation over time
has the potential to increase lake and river
levels, also depending strongly on winter ice
cover and summer temperature influences on
Great Lakes multi-year balances between
precipitation, runoff and evaporation. It is the

small  differences  between  incoming
precipitation and runoff and outgoing
evaporation processes that pose many

uncertainties and challenges for projections of
future lake levels.

Extreme rainfall (or snowmelt with rainfall)
events can locally or regionally overwhelm
stormwater and combined sewer systems,
even when river water levels are not impacting
the systems. Time for drainage increases
while pumping systems may not be effective
locally when lake/river water levels are high.

High and Low Great Lakes and Connecting
Rivers Water Levels

Water levels on the Great Lakes and
Detroit River typically fluctuate on multi-

High water levels result in coastal flooding,
severe coastline erosion, damages or an
inability to use coastal and port assets,
damages to coastal road and walk ways,

Page 26 of 40

© Institute for Catastrophic Loss Reduction
2020




PIEVC Engineering Protocol

For

Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 — Data Gathering and Sufficiency

decadal time scales, but recent
fluctuations between lows and highs have
been more rapid and extreme. Record low
levels on the Detroit River from 1999-2013
and rose to record highs in the 2019-20
period. Levels have slowly declined since
2020.

e The more recent record low levels resulted
largely from warming air and water
temperatures, reduced winter ice cover
and increased lake evaporation over an
extended season. The rapid recovery from
record low levels began from winter 2013-
14 after a particularly cold polar vortex
winter, heavier ice cover and less lake
evaporation that was followed by heavier
precipitation seasons and some notable
extreme precipitation events.

ineffective pumping, inundation of storm and
waste water sewers and a potentially
overwhelmed wastewater treatment plant.
Some of these assets may require significant
repairs or rebuilding. Note that the County of
Essex was under flood watch or warning
status for 182 days in 2019.

As noted in the main PIEVC report, future lake
levels will depend on future GHG levels, with
the possibility that lake levels might be even
higher than recent records if GHG emissions
are reduced and climate warming is restricted.
Gradually lowering lake levels appear more
probable under the more realistic high GHG
assumptions after mid-century. Based on the
results from five studies after 2011, an
additional 20 cm of lake level rise by mid-
century would likely represent an almost worst
case, and would be more likely for lower global
GHG emissions scenarios.

Increased annual temperature:

e The average (mean) annual temperature
in Canada increased by 1.7 °C from 1948
to 2016, about double the global rate.

¢ Mean annual temperatures in the Windsor
Airport area have increased steadily over
the period 1981-2019.

e The number of hot days with temperatures
above 31°C are also increasing as the
warm season gradually lengthens. The
number of these hot days is expected to
roughly double (from 5 to 10 days/year) by
the 2050s under high GHG emission
scenarios.

Warmer summer and winter temperatures
result in greater evaporative loss from the
Great Lakes and connecting river systems
surface and from the land basin areas.

Warmer lake and river temperatures have the
potential to support growth of algae locally,
depending on wind and flow rates.

The warm convective rainfall season is
expected to lengthen with warming. Since
warmer air has the potential to “hold” more
moisture for precipitation, it is expected that
convective or thunderstorm type rainfall
events could persist into a later autumn or
develop earlier in the spring season. Note that
Windsor currently records more thunder and
lightning storms than any other city in Canada,
reflecting the region’s relatively longer and
more active convective precipitation season.

River Ice Cover
e Highly variable. Warming or shorter

Decreasing ice cover can shoreline areas
more exposed to storm action and more prone
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winter cold seasons potentially will
reduce the amount of ice cover on the
Great Lakes and connecting rivers.

to erosion and winter flooding. Decreasing ice
cover is also associated with increased
evaporation from the Great Lakes.

Changes in Snow:

e Ironically, while the number of days
with snow on the ground has gradually
decreased across much of southern
Canada, the seasonal snowfall
amounts and extreme snowfall
amounts can follow different trends.

e Snowfall accumulations have broken
long-term records twice in the period
2004-2014. Potential exists for lake
effect snowfall events in the presence
of cold Polar Vortex weather systems
when the Great Lakes are relatively
warm and ice-free in early winter.

Changes in patterns of seasonal snhow
accumulation in Canada pose a risks for
infrastructure and its operations and
maintenance. For example, increased winter
snow or lake effect snow events during a
shorter snow accumulation period can
increase the potential of roof collapse. Rapid
warming and significant mid to late winter
rainfall events plus snowmelt can fill drainage
channels, block stormwater catch basins,
flood streets, etc.

Weathering/ Freeze-Thaw Cycling

e The number of freeze-thaw cycles are
expected to gradually decrease as
winter and the shoulder seasons warm.
The frequency could actually increase
during the mid-winter months,
indicating that winter weathering may
shift seasonally and could increase in
mid-winter.

In both scenarios (total cycles and 30-cycle
increments), the future total number of freeze-
thaw cycles decrease, although this decrease
is not substantial and is likely to remain of
concern during the mid-winter months.

Winter weathering processes impact the
durability, lifespan and  maintenance
requirements for concrete and masonry based
assets. Weathering processes also impact
shoreline erosion processes, especially under
conditions of reduced ice cover.

Shoreline Erosion
e Decreasing lake and river ice cover
trends and extreme high water levels
will increase shoreline erosion risks,
which are already of significant
concern.

City staff interviews, stakeholder consultation
as well as the County of Essex Hazard
Identification and Risk Assessment (HIRA;
County of Essex, 2019) all indicated
significant concerns regarding shoreline
erosion, and it was therefore included as a
key hazard consideration for the flood risk
assessment.

Unfortunately, no databases or collected data
is available to assess the shoreline erosion
risks along the Detroit River and their trends.

Comments and Observations
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See notes on shoreline erosion and river ice cover influences on water levels. Further
discussion in the main PIEVC report.

b. Where appropriate, identify incremental changes to the Climate Baseline conditions based
on the trends identified in (a) above.

Incremental Change Influence

Comments and Observations
N/A. Covered in the above discussion in section (a)

c. Where appropriate, identify incremental changes to the Climate Baseline conditions based
on sensitivity analysis.
1. Increase or decrease Climate Baseline conditions by percentages selected based
on the practitioner’s professional judgement.
ii. Provide written justification/substantiation for the assumptions and incremental
values used in the sensitivity analysis.

Incremental Change Justification

Comments and Observations
N/A. Thresholds were confirmed via processes discussed earlier.
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d. Where appropriate, use surrogate information from other geographic areas to respond to
identified data gaps and uncertainties.

i Document the source of the infill data.
il. Provide written justification/substantiation for using the infill data.
Incremental Change Justification
N/A. Local to regional climate information and

localized hydrologic and hydraulic modelling
were used in the assessment.

Comments and Observations

N/A. Not required except for some consultation with NOAA and Detroit studies.

e. Where appropriate, arbitrarily define changing climate assumptions or predictions.

1. Provide written justification/substantiation for using the assumptions.

Incremental Change Justification

Climate trends analyses, published studies | Assumptions were few (except for future
and ensemble climate change projections | levels of GHG emissions). All risk
were incorporated throughout the study. assessments were based on expert
climatological analyses, peer reviewed studies
and approaches, hydrological and hydraulic
modelling, forensic analyses, etc.
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Comments and Observations
N/A

f.  Where appropriate, employ regional climate change models to project changing climate

effects in the region of the infrastructure.

it. Review the basis and basic assumptions of the model(s).
iil.  Provide written justification/substantiation for using the model in the

evaluation.

Incremental Change

Justification

Temperatures and Precipitation:

Temperatures and seasonal precipitation
trends indicate ongoing increases. The
greatest changes are expected for high
temperature extremes and short and longer
duration precipitation extremes. Many future
extremes for precipitation types, winds, etc are
difficult or impossible to infer from models
alone and detailed peer reviewed studies and
extensive professional climate experience and
expertise were needed to assess trends into
the future. Changes in high extremes will
impact all of the assets considered.

Interviews, historical codes and standards,
discussions with stakeholders and forensic
analysis of past climate impacted events and
risks were all used to confirm the importance
of future trends leading to increased climate
risks. The study team included climatologists
and climate change experts with collective
experience spanning many decades.

Extreme Climate Variables and River Water
Levels:

Any climate change driven increases in
extreme coastal lake/river and precipitation
processes will increase flooding and risks for
the wastewater and stormwater assets. Other
increases in extremes e.g. severe ice storms,
extreme winds, tornadoes, etc will have
secondary impacts that include structural
damages, prolonged loss of power, electrical
hazards, emergency responses and were
assessed as secondary impacts.

High extremes will impact all assets and
flooding processes. Low water levels were
also considered in this study.

The study team members have years to
multiple decades of recognized climate and
climate change expertise. The climatologists
were able to undertake extreme and forensic
analysis of events and to interpret the
published literature.

Changes in Climate Models:

Climate change models change over time too.
Temperature and Precipitation changes were
projected using an ensemble of climate

The latest IPCC climate change models and
projections from the 2021 release were
compared to the sets of climate change
models still widely in use (i.e. 2013 released
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change projections from both the IPCC AR5
models (2013) and AR6 models (2021)
assuming conservative or limited future
reductions in GHG emissions i.e. AR5 models
using RCP8.5 emissions and AR6 models
using SSP370 (SSP3) emissions. The
differences in future trends of temperature and
precipitation averages (Normals) was minimal
for these GHG assumptions.

AR5 models). It was important to ensure that
the results and guidance from this PIEVC
assessment could be wused to guide
infrastructure investments well into the future
and that the results could be more readily
updated into the future.

Extreme River Water Levels:

Extremes in lake levels and their variability
strongly influence river/lake coastal flooding
as well as basement and land flooding risks.
The efficacy of the wastewater, stormwater
and combined sewer systems are sensitive to
river level influences for many sections of the
study area. Record breaking low and high
water levels have been experienced in the
past decade and it is critical that their changes
be considered for the future.

This study included a comprehensive review
and assessment of all Great Lakes level
projections under climate change for updates,
improvements and changes since 2011, when
Great Lakes process and routing models were
revised for improved land runoff evaporation.
The previous Windsor coastal flooding study
was based on a 2011 study of Great Lakes
levels that incorporated a limited number of
older driving climate change models. These
results were updated using Great Lakes level
studies released since 2011 that incorporated
a greater number of more recent driving
climate change models as well as improved
processes influencing on Great Lakes water
levels.

Downscaling for  Climate
Projections — Other Approaches:
Downscaling approaches for climate change
projections — use of dynamic or regional
climate models or statistical downscaling.
Most climate change models do not handle
trends in localized extremes well (ie perform
“better” for average trends) and alternate but

Change

A mixture of downscaling approaches were
included in the study. The statistical delta
approach was used where direct downscaling
from ensembles of climate change models
were needed. The peer reviewed climate
change projection studies incorporated into
the PIEVC assessment used a mix of dynamic
(regional models) and statistical downscaling

scientifically recognized approaches were | approaches.
used.

Comments and Observations

N/A
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3.2 Establish Changing climate Probability Scores

a. From Figure 3, choose Method A or Method B to define Method
probability scores. Enter Either A or B
1. Record in project documentation the Method that
was used. Quantitative Method B
it.  Use the same method for all probabilities used in SCOT@? baged on changes
the evaluation. in Likelihood
b. Choose the changing climate probability scoring approach. Method
Either: Enter Either Yes or No

Yes (absolute risk)
1. Assign scores for the probability of climate

parameters changing over the time horizon of the
assessment such that the infrastructure threshold is

triggered.
= [fthis approach is selected, go to Task
2.12.c
OR: Method
Enter Either Yes or No
1. Assign scores for the probability of climate parameters No

triggering infrastructure thresholds in the baseline climate
and assign scores for the probability that climate
parameters will trigger the infrastructure thresholds in the
future climate. Changing climate impacts are assessed
from the difference between the two scores.

= [fthis approach is selected, go to Task
2.12.d
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c. Scoring Changing climate Probability

Add rows as necessary.
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ALTERNATIVELY

d. Scoring Probability for Both Baseline and Future Climates

For the Baseline Climate

Add rows as necessary.
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For the Future Climate

Add rows as necessary.
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c.

As appropriate, the practitioner may select an alternative probability scoring
methodology.

il.

If the practitioner selects an alternative scoring methodology they are directed
to substantiate and document this choice in the project report.
Whatever method is used, it must be used consistently throughout the

probability scoring process.

Methodology

Substantiation
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Figure 3: Probability Score Definitions

next step of the protocol.

The practitioner is directed to express a professional opinion regarding the probability that
a climate event that triggers an infrastructure threshold will occur. This should not be
confused with the consequences of that climate event. The practitioner is asked to score
the probability of the event in this step and assess the severity and/or consequences in the

Probability
Score
Method A Method B
0 Negligible <01 %
Not Applicable <1in 1,000
L Highly Unlikely 1%
Improbable 1in 100
_ 5%
2 Remotely Possible ]
1in 20
3 Possible 10 %
Occasional 1in 10
4 Somewhat Likely 20 %
Normal 1in5
. Likely 40 %
Frequent 1in25
5 Probable 70 %
Very Frequent 1in14
. Highly Probable > 99 %
Approaching Certainty >1in1.01
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3.3 Assess Data Sufficiency

Review the data set developed in Sections 2.1 through 2.12.

a. For data selected for the evaluation, assess and comment on:

= Data gaps;

Windsor International Airport represented the
main climate station used for relevant climate
variables, with comparison to results from the
Detroit Airport. IJC lake and connecting river
measurements were analyzed for lake/river
level studies and return period estimates.
Hydrological and hydraulic modelling was
calibrated against flow, forensic evidence
and guidance from Conservation Authority
and City staff. In many cases where
information was not available, published
climate studies were incorporated into the
assessment.

= Data quality;

The quality of the Airport climate data was
reasonably complete and records were long
while the hydraulic and hydrology (H&H)
modelling was comprehensive. Efforts were
made to ensure that the H&H modelling
reflected observed conditions. Published
studies used had undergone peer review
processes.

= Data accuracy;

See above comment.

= The applicability of trends;

Considered and incorporated. See previous
section 3(f).

All climate team members have significant
experience and recognized expertise in
climate extremes analyses, climate change
projections, marine and lake levels, forensic
analysis and in undertaking PIEVC
assessments and can interpret and develop
climate trends and projection information.

= Reliability of selected climate
model(s);

Best climate change projection and
downscaling practices were incorporated,
considering the uncertainties of the climate
and climate change information and the
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sensitivities of the assets to climate/weather.

= Reliability of changing climate | The latest climate change model outputs
assumptions or scenarios; and | (IPCC ARG, 2021) were compared to the still
more widely used IPCC AR5, 2013 released
models and changes in the means/averages
were limited. All studies used ensembles of
climate change models and/or applied peer
reviewed studies. Significant stakeholder
consultations were undertaken in spite of
COVID-19 challenges at the time.

= QOther factors. N/A

Comments and Observations

N/A

b. Clarify and summarize the priority of the documentation referenced in the evaluation.

1. Present these in a tabulated prioritized form

Document Priority

Comments and Observations

c. Document where there is insufficient information currently available to proceed with a
particular portion of the assessment.

- Where t.h ere s ii. Where data cannot be
insufficient . .
. . developed, identify the
. information currently o
Insufficient . . . data gap as a finding in
- available, identify a
Information Step 5 of the Protocol
process to develop or Recommendations
infill that data.
Lake and river ice Additional ice cover information | It is likely that the influence will
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influences on water
levels

and documentation of events
would be needed.

be less or of considerably
shorter duration than the longer
duration trends during
fluctuating lake levels. An
updated risk assessment in
future would benefit from
updated and improved lake level
models that integrate the new
IPCC ARG climate change
models and update relevant
lake level processes.

Shoreline Erosion Risks

A database of shoreline erosion
events needs to be collected
(locally variable) for further
analysis

Initial attempts to develop an
Detroit River erosion event
database would be helpful for
the City. The database should
also include Lake St Clair
events.

Date:

November 17, 2022

Prepared by:

Simon Eng and Heather Auld
(UWO and Dillon
Consultants)
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Climate change risk assessment of the City of Windsor's West

This PIEVC risk asses

ment rts. Parts 1,2

nd 3 refe

analysis of past impacts, other reports and informed by modelling of the City's sewer, surface and river level flows. Part 4

\d refer to assets with medium

, private and institutional assets and third party risks, focussing on flooding risks

d third p:

ty

, interviews, forensic

ig indicate Medium to High site risks
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Drains. Al 7 | 2 7 |28 2] 6 | 12 al7]as a7 = 4 7 [ 28 7 [N 4lalte 6|42 2[5 10 721 721
Culverts a7 | = 728 2] 6 | 12 a7 a7 [ = 4| 7 [ 28 7 [N 452 61530 2]6 1 7132 7132
Malorr‘xoauwav—Felee""ﬂM”'"h'"" 4| 6| 24 | ami it 75|38 al 7 28 4] 6|24 2| 7 14 a| 7|28 a7 2 al 7| 28 7 | NA af3|2 63|18 26|12 7|32 7fs |2
Maior Roadway - Huron Church Road alalte 7] 2] 4l a 16 4 [l 2[5 | 10 28 a5 [ » a4 7 [N 428 621 2]6 1 7152 73 |2
Major Roadway - Mill mbin ik Z4=dus 100y ain
o Rosdway- Wil et (s corned 4|62 e 100yt 72| AR AR 26 | 12 AR 4l 6| 2 AR 7 [N al2]s 6|21 2|61 HEIE HEIE
| Maior Roadwav - Oiibwav Parkway 2] ale 7] 2] ] 3 12 ENER 2] 4 8 al2]8 a3 12 4l 3| 12 7 [niA 432 6] 3|8 27 14 73| 7132
F lor Roadway - Prince i ale 7] 2] 4] 3 12 ENER 2] a 8 al2]8 4|5 | 2 sl 4| 6 7 [niA al2]8 6] 212 2612 AR 732
Malor Roadway - Riversde Drive (due combined| 4| 5| 20 [ueZl o tos HEES 4| a 16 4|41 2[5 | 10 a|afe a5 | 2 al 4| ® HEED 4|32 6|38 2|71 7]3 |2 7|32
seve Max 35=100yr i
4| 6 | 24 |combintion.tign HoL. mat 7|42 a5 | = alafe 2| 7| . 4|5 |2 a| 7| 28 4l 6 | 20 7]5 |35 als|n2 6| 4|2 2[7 |14 7|a|2 HAEIE]
Maior Roadw: g
Maior Roadway - University Avenue alalte 7] 321 4l a 16 alal1e 2[5 | 10 a4l a5 [ Al 4] 7 [N 4l3|n A ENED 27w 7152 AEIF
Maior Roadway - Wyandotte Street W a4l 7] 321 4l a 16 4lal1e 2[5 | 10 a4l a5 [ o a4 | 16 7 [N 43 A ENED 271 7132 73 |2
‘Ambassador Bridge/Canadian Border Services: iax 35= 100 yr Hastor dun xim rai
bassador Bridge/Canadian Border Services: 4| 6| 24 M t00yrrin 4 [2g  So=Masterdue xim ra; AR 4l HEAR) 4|6 |2 Al 7| = 4l s | 2 7|53 4ls |2 6|53 2|7 | HEIE HEIE
Rail Tracks 4| 3 | qp |MexS6zcombinatonevents 7| 2|14 4l 6 2 4|5 |20 2| 7 | 46| a7 | 2 4l 6 | 2 7|5 |35 43| 6|38 2|36 7]2]1 72|
St Michaer” ol Z EERET) 721 a5 [ 4l 5]20 2] 6 | 12 AR a6 | A 5[ 2 7 [NA A4l 6 | 42 271 7121 72|
[Duff - Baby House (museum] a3l 7]2 4l 5 | 2 IEED 2] 5 | 10 AR a5 [ o 4] 5[ 20 7 [NA 44l 6| 424 2] 7|1 721 72|
iax S5=dus 10077 & Sy
Canada South Science City - Tourist Attraction 4| 6 | 20 [ too s oy 7| 5|3 4] 5| 2 ARS 2| 7| 1 4| 6|2 4| 7| = 4| 7| 2 7 )53 4|32 6| 4|24 2| 7|14 BEIR 7] 2|14
West Windsor Musallah - Mosque 4| 7| 28 i Oy 7|6 |a 4l s | 4l 4|16 2| 7| 4|6 sl 7| = 4|l 7| 28 74| 4f3|n 6| 4|2 2| 7|1 72| 7)2|
Windsor Essex Community Health - Community IR 7| 2|1 4l 4| 1 4l 4|16 2| 4| 8 alafe 4l a| 16 Al a| 6 7 [N 4|5 | 6|53 2| 7| 72| 7)2|
for P Tistom, Wi Wiax 49100 yr or 5y rain &
o Ttons e Armoury and Winsor 4| 7 | 28 |combinaton s bsmt food- 7| 7|a0 4| 6| 2 4 6|2 2| 7| . 4| 7|2 | 7| | 7| = 7 | 45| 6|5 2| 7| 7] 2| I
Mackentie Hall Cultural Centre a3l 7] 2] il 4] ARIED 2] a | & RIS a4 1 i 2] . 7 [NA i RAED 6| 42 27| 7 2. 72|
tlohn's Anglican Church - historic site 73 N RP) 7] 2] 4] 4] 1 AR 2] 4 | s RIS 4 a | 16 a2 . 7 [NA A RAED 6| 424 27|14 72 72|
slamic Academy Windsor 4| 6 | 24 |Mex i buTOONE 7|6 |4 4] 5| 2 AR 2| 7| 1 HEIES a7 | = 4] 8| 2 KK 43| 6| 4|24 2| 7|1 7] 2|14 7| 2|
Society of st Vincent de Paul 4| 6 | o4 Mardz=5&io0re 7|6 |4 4| s 20 AR 2| 7| 14 4|62 a7 28 4| 6| 2 7|42 BB 6| 4[24 2| 7[1 HEE 7] 2[4
(General Brock Public School 4| 5 | 20 [Max3s-st 00y 7|53 4| s 20 AR 2| 6 | 12 4|5]20 a7 28 4| 5| 20 7] 42 a4l 6| 4[24 2| 7[14 7] 2[4 7] 2[4
Sandwich Teen Action Group 4| 6 | 24 [Maxdz-st 100y 7|6 |4 4| s 20 AR 2| 7| 14 4|62 a7 28 4| 6| 2 7|42 BEIE 6| 4[24 2| 7[1 7] 2[4 7] 2[4
andwich First Baptist Church 4| 5 [ 20 |Max2i=cetoyrian HEE 4| 2 8 al2]8 2| 5| 10 AR a5 | 2 4| 3| n2 HEE BRI 6| 3|18 2| 7|1 7] 2[4 7] 2]
“lal. 72 N I ) FA N 2] 5 | 10 “]2]s 4] 5 [ 2 a2 [ & 7132 7 IR 6| a2 26|12 712. 72|
Parkc Assets Bradiey Park a4l 7] 21 ] 2 8 4l2]8 2 2 | 4 a] 28 a2 ) a2 8 717 43 6 | 4] 26|12 72 72
Mackenie HallPark a4l 721 4| 2 8 al2]8 2 2 | 4 a]2]s a2 5 a2 77 4al3|n 6 | 4] 26|12 72 7124
x 0= sorilve o wnd, o
4| 3 | 12 |abvond: Ako 100yrraina HWL 7| 2|1 4| 2 8 4l 1] 2| 3 3 af2]s 4 2 8 4l 2] 8 IARER: 4fs | K] 2| 7|14 72| 7] 2|14
Energy and tont
4| 7| 28 |ma e o g 7| 2|14 4| s 2 4l 2|8 2| 7 4 4|62 a7 2 al 3| 12 7|42 45|20 6| 4|2 2| 5|10 7] 2[ 72|14
Infrastructure d
e s g
Telecommunication 4| 4| 16 |nao 100yrrain& HWL below 7| 2|1 il 3| n al2|8 2 4| 8 4l 3|2 af 4| 1 4] 2| 8 72| ARAE] 6|5 2| 7|14 72| 7] 2|14
Other Residentil Buildings [See Part 4
Other CommercialBuidings | See Part 4
B a4 1a) 72 [ il @ % a3 21 5 [ T4l 7 G Y 7 B 71321 a5 6| 401 o[ 7w 72 72w
Other industrial Buldings - See Part
21=100 yrraifat sig HLs
by Par BEE BB 4] 3| 12 ARE 2| 7| AEE 4 5| 2 AR 7| 2] 4l 2|8 6| 2|12 2|61 7|2 7] 2|
Aiverside or 4| 5 | 20 |Zi=100yrraniak sgHGLs ERE i s | ARE 2| 7 | 4|32 4| s | 2 4] 3| 12 7] 2] 4] 2]8 62|12 2]6|n 72| 72|
4| 6 [ 24225 yrs 100y minial mitsic 7] 6] s 4| . AR 2 7| AR 4] 7| =8 4] 6| 2 7|2 4 | 3| 12]ceors generaion 3 | 4 [ 12]dcbrs gereaon ree HEE 72 7] 2]
Interceotor Maintenance Holes (MHT a1 5 o0 731 7S I T a7 2 7 [ 1 7] 7 A T S 2 T 7 Al 7S N ED) [N N T) > [ & 10 2 I 2 I 2
Wast Sanitary Sewers - See Part 4 a5 20 7428 7 I T 4728 2 7 | s 4728 a7 [ 4 7 [ 28 7 [N 431 [N EENET) 2als 717 i I 2
428 7214 7 2 T a7 ]2 2 7 | s a7 28 a7 [ 4 7 [ 28 7 [N 4 a6 6212 2[5 10 7321 73 [
Pumo Stations a5 o0 7478 a7 [ a7 (o 217 [ 14 a7 o 7 A T 7 2 T 7 A 4[5 [ 20 [oower outanes 6 | 5 [ 30 | oower outanes debris > 6 10 2 T 7
(35=Hostrgh waterevels (<<
o 4| 6| 2 [1oyem ooy HEE al 7| = 4| 5|2 2| 7| 4| 6| sl 7| = 4 2 MBI 4] 5] 20| o er outace 6 | 5| 30| oer outage, debris 2|6 |n AP 7)2|
35=<100 y FINL: exireme i
Pump Station - Mckee Road 4| 7| 28 |oaciow dring HWL Street HEIE al 7| = RS 2 14 4|6 4 2 4 2 7|53 4| sl 6|5 2|6 |n 7 14 7)2|a
e oower outage 2
T A
Storm Sewers 1 A
Bri 14 4|2
M 14 A
Catch Basins 1 NiA|
55 = <700y WL & oxeme
Mckee Creek catch basin 4| 7| 28 |rin svomergea ik & 7|32 al 7| 2 4l 6|2 2| 7| afs|2 sl 7| = af 6| 2 7|53 af2|s 62| 2|61 72| 7)2|a
Drains a5 % 72 7S I T a7 7 & [ 1 7] 7 A T S 2 T 7 Al a4 6 a0 > [ & 10 2N AR
Culverts 45 2 72 1 a7 [ 28 4172 2 6 | 12 a7 a7 [ 2 a7 | 28 7 [N 4520 61530 2 61 AN 73 o1
Wik 49 rskwe<100 yr HWL,
n v (LRwAR) 4| 7|28 m“ﬁﬁ,’;‘f;‘;“;ﬂ‘m“f" 7|53 a4l 7 28 4| 7|28 2| 7 14 al|7|28 4| 7 28 a4l 7 28 707]|4 PRPRRT 6| 4|24 2|7 |14 70214 7| 2| 14
Infrastructure an ey
will st - outtall, 0 4| 6|2 ;;;;ggg-m;g;"ggrd 7|32 al 7 2 4] 6|24 2| 6 12 4|62 a7 2 al 7| 28 7|53 4|32 6| 3|18 2|6 |12 7| 2|4 72|14
352100 year rain ol hgher
aior. " Y 4] 6 | 28 [ e oo ot over. 7|53 4l s 20 5|52 2| 7 14 a| 5|20 4| 7 28 4] 5| 20 7 28 4l a6 6 18 2|6 |12 70 2|14 7] 2|14
352100 yeor rain possib ower,
4| 6 | 24 fouttnghrpandicn foocs HEE 4l 5| 2 4f5(20 2| 7| AR ol 7| = af 5| 2 74| af4alme 6|3 2|61 72| 7] 2|4
Road & Ooen Ditch - Prospect Ave: ght over
[w T 5[% 721 a3 al2]® 2| 7 | i3 7 T 1) P I ) 721 P 62| 26 |m 72 72|
4] 6|2 7| 6|4 4| 4 i 432 2| 7 14 4|62 a7 28 4] 6| 24 7]2[" 4| 3| 12 |debregeneraton 6 | 4 | 24| don genereion vee 25|10 72| 72|
(Ambassador Bridge/Huron-Church catch basin, Toexreme rain wih <100
Ambassador Bridge/Huro & 4| 7| 28 [ e A <o 7| 5|35 4| 6 | 2 4] 6|2 2| 7| 1 ARN 4| 6| 2 4l 6| 2 7| 5|3 R 63| 2|6 ARE HIBE
Transportation 362100 yeor rain possib ower,
Prospect Ave - Road and open drainage 4| 6 | 24 |ouranriner thanicn oods HEES 4l 5| 2 4f5(20 2| 7| AR ol 7| = af 5| 2 74| afale 6|3, 2|61 72| 7] 2|4
ETR Rail and Gore Creek 4| 6|2 N HEIE 4l 6| 4l 5|2 2| 6| 2 afs|2 sl 7| = af 6| 2 7|53 af2|s 6|3|m® 2|61 73| 7)3|a
ETR rai and iding
ETR Rall and Mckee Creek 4| 6 | oa [soexreme ranend W HEIE 4l 6| 4l 5|2 2 6| 12 Y sl 7| = 4l 6| 2 A al2|s 6|3|m 2|61 7|32 7[3|a
Rall Tracks 4 | 3 | 12 |Max35-combination everts 7] 2] 4] 6 | o 4]s ]2 2 7 | 14 AR 4l 7| = AR 7538 4]3n 6|3 2]3e 72 72|
St Michaer” ol ZNEEN D) 72 Al 5 | = NEE 2] 6 | 12 AEE 4“6 [ ] 5[ 2 7 [ A EEED 6| 42 2] 7| 72| 72|
Duff - Baby House (museum) a3l 7] 2] 14 4] s | AEE) 2| 5 | 10 AR a5 | » 4] 5[ 2 7 | AR 6| 42 2] 7|1 72| 72|
Canada South Science City - Tourist Attra 4 | 6 | 24 |Max35edue 100y Syrrain HEE 4| s 20 4|46 2| 7| 14 AR a| 7| = a| 7| = HEE 4|3 6| 4|2 2| 7[1 HEE 7] 2[4
West Windsor Musallah - Mosque 4| 7| op [Maxdz=100yroryriaind 7| 6|4 4| s 20 4l 4] 2| 7| 14 AR a| 7| = a| 7| = 742 BRI 6| 4|2 2|71 7]2[u 7] 2]
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indsor Essex Community Health - Community R 7| 2|1 4l 4| 1 4l 4|1 2| 4 8 a|afe 4l 4| 16 4l a| 6 7 |ya BEES 6|53 27| 72| 7)2|m
Wik 895100 yror Syt in &
Malor F.A. Tiston, VC, Armoury and Windsor 4| 7 | 28 |combinaton: sigbsmt flood - 7| 7|4 4l 6| 2 4f 62 2| 7| e 4| 7|28 4| 7| 2 4| 7| 28 7 4|52 6| 5|30 2| 7|14 7] 2|14 7| 2|14
Police Training Centre emerg resporse crtcal NA
Itural Cont FN R KT 712 S I T a4l P2 I ) R 7 N T 7 I T 7 [N RN (RN P ART 77 72
L lohn's Anel a3 (1 7214 7 B T PN AT N I ) s a1 7 R T 7 I T 7 [NA 42 6 | 404 2 [ 7|4 7214 72|14
Institutional Buildings | Islamic Academy Windsor 4| 6 | 24 Mardz=sdio0ra 7|6 |42 4| s 20 4416 2| 7 14 4| 6|2 a7 28 4| 6| 24 74|28 4|3]2 6| 4|2 2| 7(14 BEIR 7] 2[4
Society of st Vincent de Paul 4| 6 | 24 Mardz=sdioora 7|6 |42 4| s 20 4416 2| 7 14 4| 6|2 a7 2 4| 6| 2 74|28 AEIE 6| 4|2 2| 7(14 BEIR 7] 2[4
General Brock Public School 4| 5 | 20 |Mexsesodtoors HEE) 4] 5 20 AR 2 6| 12 AEIE] a7 2 4] 5| 2 A 44 6| 4|2 2| 7|14 7]2]1 72|
roton
Sandwich Teen Action Group 4| 6 | 24 Mardzst o0y 7|6 |42 4| s 20 4416 2| 7 14 4| 6|2 a7 28 4| 6| 24 74|28 4|3]2 6| 4|2 2| 7(14 BEIR 7] 2[4
jch First Banti 4|5 | 20 [Max 30= due To0vrrain EAENED i 5 alo(s 2[5 | 10 RN P T 7 I ) 73t N ) 6158 2 (7 [ 774 72|
Chateau park LTC Centre 4 |6 | 24 [35=100year ain vind. waves 7] 32t A s | 4] 5]2 2] 6 | 12 4] 5[ 4 6 | o 4] 5[ 20 7535 452 6530 2] 7|1 73]z 732
Srat ke st for Entroneneto Soin oo | o [ o | s B [ 5[= 20| n BB ARE i 5| » 7[5 BB s[5 BEE 7] 2] B
(35=<100 year HIL rosion:
HMICS Hunter Navy F 4| 3 | 12 [WPA shoreine property. hgh 7| 2|14 4| 7| 4l 6|2 2 6| 12 B sl 7| = afl 7] = 7|s|s afa|n 6|5 27|14 73|z 7|3
MeKee Park - Sandwich and Chewett Streets 4| 3| 12 |35 100 year HWL: shoreie HEIR 4| s 20 AEE) 2| 5| 10 4|5]2 4| 5| 20 4| 5| 20 7] 535 4|28 6| 2|12 2| 7(14 HEE 7|32
Brock Park RN 72| 7 B PN N ) 2 a | 8 Al 7 T ) 7 T 742 il 7[® &3] 5[ 612 73 o1 7 32
Park Assets Mill Park a a6 72 [ a2 s al2]8 3 P 228 7 8 7S P 72|14 al2]s 6 [ 424 2612 7214 7214
RN 7214 a2 | 8 al2]s o[ 2 | 4 2 2]8 7 P ) a2 a T2 s 2]8 6] a4 > [ 612 7214 721
Chateau Park - Ambassador Bridge area 4| 3| 12| eI year B eiining 7l1]7 4] 6 24 45|20 2| 5 10 45|20 4| 6 2 4] 6 | 24 7]5]3 4] 2|8 6] 2|12 2| 5|10 732 7] 3|2
ZT=Toodng w high HoLs: crical
1 Keith Transformer station 4| 5| 20 |3 party infrastrctur, frver 7|32 4 4| . 4| 3|1 2| 6| 2 4| 4|6 4l 5| 2 a 4| 16 AL 4| 5|2 6| 3|8 6|12 72| 7] 2|
<
Max 30= sorsilve o wind, o
4| 3 | 12 |abvond: Ao 100yrrain HWL 7| 2|1 4| 2 8 al1]a 2| 3 6 4f2]s 4| 2 8 4l 2] 8 717 4fs| 6] 5|30 2| 7|14 72| 7] 2|
i ot
M 26= G 100yrran & FIWL
— Sub-grade vaults 4|7 ML“";'SQ"MJC;T"V":M 7] 2|14 AEEE) 4l 2]8 HEAR ARE: HERE) AEE 7| 4|2 AR 6|42 2[5 72| 72|
ax S0=cue wind, co abv g
Communications |1, grade transformers 4| 4| 16 |Aao 100yrrin & HWL below 7| 2|1 il 3| n 4l2|8 2| 4| 8 af3f2 af 4| 1 4] 2| 8 72| ala|. 6|53 2| 7|14 72| 7] 2|
Infrastructure et
49=Gombined events. 100 yoar
rain, 5 year rain;subgrade
Atura Power Brighton Beach Gen Station 4| 7| 28 |pn oo miseonte HEIE al 7| = 47|28 2| 7| ARAES sl 7| = af 7] 28 7|7 afalme 6|42 2[6|n 72| 72|
Viax 30=08 Wi ce abv gnd;
Telecommunication 4| 4| 16 |Aao 100yrrain & HIL bolow 7| 2|1 4l 3| n al2|8 2| 4 8 af 3|2 4l 4| 16 4l 2] 8 72| afalme 65| 27| 72| 7l2|
ot
Residential Buildings [ Buildings - See Part 4.
ial Buildings _ | Buildings _See Partd
Franspe/Toek B o Vo B Fogsn
(Group (VG; trucking); Cole-Carriers Inc; Stantec 4l 3l 7017 il 3| n 4l2|8 2| 4| 8 sf2s 4| 4| 1 al 2] @ 7l1]7 4|4l 6| 4|2 2|62 717 AR
Trailers
Industrial Assets indsor Biosoli . 4| T | 28 e e 2 1m 7| 3|2 4| s 20 4| 4|16 2| 7| 1 4| 4ale 4| 7| 28 4] 5| 20 7|53 43| 6| 3| 2| 7|14 7| 2| 7| 2|1
Windsor salt 4| 7 | 28 |s2Maser obsen 100 vear 7] 3] 4] 5| 2 ARE) HEAR AR a| 7| 28 4| 5| 20 7 | 6 | 42 ighuater acton.erosion AR 6| 4|2 HEE 72| 7] 2]
[Newmal Windsor Aluminum Plant il alte 712 a2 8 il2ls 7] 4 5 “l2(s il al e 73 PN ) 712w RN 6| 4o 27w 712 72w
Part3
Zone 3 - W of Ojibway Pkwy., N of Morten Dr. to Broadway St
4s2=Combined ovent: 100
Sprucewood Ave - Combined Sewer 4| 7 | 28 | ana5 year ain ~1m fiooding al 7| 6|4 4l 5| 2 4l 4| 2| 7| s 4f6fas a| 7| 28 4| 6| 20 7]5]|3s 4| 5| 20| power and pumping neccied 65| power 2|6 72| 7] 2|
tainevents: Sig HGLlsucharge
Sprucewood Ave - Open ditches 4 | 6| 24 |27 Exieme 55 100 year rain. 7|64 4| 4 16 AEE 2| 7 14 4| 6|2 4| 7 2 al 6| 2 7|42 al3]2 6|38 2|6]12 7]3|2 73]z
T 7] NA 16 10 2 3 o1
Wastewaterand — [pumo stations Nia| 5 [ 20| nower ofanes nower ciianes_dabris 0 7 7
NA 20 3 14 3 [ o1
NA 8 10 2
NA & & 7
T NA EED 12 2
Catch Basins NiA| 5 20 14 2
Drains NA FEET 0 2
Culverts NA 520 12 3 (o1
Shoreline Stormwater/
Flood Protection | 505 als| 7| 4|28 4| 6| 2 HEIES 2| 7| 1 45|20 a| 7| 4l 6| 20 7 | nia) Location specific 4l a|e 6| 4|20 2| 5|10 7] 8|2 73|z
Infrastructure
Maior Roadway - Ojibway Parkway 4| 7| 2 |prran syearran ios 7|53 4| 2 8 4l 2|8 2| 7| AR sl 7| = al 7| 2 7|53 afalme 6|42 2[6|n 72| IAENE]
o
Major Roadway - Sprucewood Avenue 4| 7 [ o8 [oi0veara S vear i, 7] 6]a 4| 2 8 4| 2]s HEAR ARE: s 7] = 4| 8| 2 72 ala]. 6|3 2|61 72 7] 2]
42-100 year ran, 5 year ran,
Transportation g Gormined prob evert: 0.75-1m
Detroit-Windsor Truck Ferry 4| 7| 28 |Combredoran oven: 7| 6|a al 3| n 4l 2|8 2| 7| I sl 7| = 4l 5| 2 7|53 als| 6|53 2[6|n 72| 7)2|a
imoorta
35=100 year & year
rainCombined everts;
Rail Tracks A RA Y atniridi 7|58 4| 2 8 4l 2|8 2| 6| 2 45|20 4| 6| 2 4| 5| 20 7] 2] 4l el 6|3|. 2|61 72| 7] 2|
Too- o0y o
Park Assets Black Oak Heritage Park 4| 5| 20 |Exremevind.ice stom sic HEIE 4| 2 8 4l 2|8 2 6| 2 BRI 4l 6| 2 al 4| ® 7|82 als| 6|5 2[6|n 72| 7)2 |
M 30- sosive (o wind, co
afa|2 Also 100yrain & HWL 7| 2|1 4| 2 8 al1]a 2| 3 6 af2]s 4l 2 8 4l 2] 8 717 4fs | 6] 5|30 2| 7|14 72| 7] 2|14
i ot
Energy and Sub-grade vaults 4 | 7 | 28 |Max28= due 100y ren & HL 7] 2[4 4| s 20 4|28 2| 7| 14 ARES a7 2 al 3| 12 7] 42 4| 5|2 6| 4[24 2| 5[0 7] 2[4 721
Communications Miax 30=due wind, co abv gn;
Infrastructure Sub-grade transformers. 4| 4| 16 |Aao 100yrrin & HWL below 7| 2|1 il 3| n al2|8 2 4| 8 4l 3|2 af 4| 1 4] 2| 8 72| 4l el 6|53 2| 7|14 72| 7] 2|14
e
Viax 30=Gu0 wind. co abv ;.
Telecommunication 4| 4| 16 |Aao 100yrrin & HWL below 7| 2|1 il 3| n al2|8 2 4| 8 4| 3|2 af 4| 1 4] 2| 8 72| 4l el 6|5 2| 7|14 72| 7] 2|14
ond
Shoreline Properties - Mortrem Ltd; ADM 4| s|2 7|32 4l 3 2 4| 2|8 2| 6 12 al 46 4| 6 24 4l 5| 2 7|42 alale 6| 4|2 2|82 72| 7)2]14
Windsor Salt Mine - ditch entrance 4| 7 | 28 |S-HUL <100y Combined HEE 4] 6 2 4] 62 2| 7| 4|72 a7 2 4| 7| 2 774 4a]2]s8 6] 2|12 2|61 7] 2] 72|
orob 100 vear i 5§ ven i
Industrial Assets 49=5 8 100 yoa exrome ran;
Gombined probabies: surface.
Windsor Salt Mine 4| 7| 28 |Comoredprobabites st HEIE 4l 6| 4l 6|2 2| 7| AR a7 | 2 a| 7| 2 7] 7|4 al2|s 6|42 2|6 |n 73| IAENE]
e
rio-ran il3|m 717 il 5 [ 2 alalte 2[5 [ 10 alalie 7 ) a5 [ % 7lal2 al7(® 6518 2510 7151 713(a
Part 4
System-Wide Risks for Similar Assets and Critical Third Party Services - Generic
Zone 1 Residential Areas serviced by combined Max 42=Combined prob: 5 &
sewers 4] 6] 2# 100 yoarringeroraly "] 6| Bl i M T 2 7| 14, 4| 6| 2 4 7| 28 R I T 4|z 4 4] 16 S af 2 2| 7| 1a "] 21 7| 2| 1
Viax 42=Combined prob: &
Zone 1 Commercial Areas serviced by combined 100 year rain gneraly; Licly
reas s 4T | 2B e e 7 4l 4 0 4 2 4 4 4 7 4 6 2 7 7
ooding axreme rain 6| 42 4| 18 7 14 6| 2 7 2 6| 2 4| 28 4| 16 4| 20 7| 14 2| 14 2| 14
Zone 1 IndustialBullings serviced by Max 25100 & 5 year ri;
e 4| 6| 20 [yeiaioos tyeeen, 7 4| 4 i 4 2 4 4 4 7 4 6 2 7 7
oodng 6| 42 3l 12 7 14, 6| 2 7 2 6| 2 4| 28 4 16 4 2 7] 14 2| 14 2| 14
Viax 35=Combined prob events
4 high v levels above
Zone 2 Combined Sewer Outfalls RN IH EC Noimmioikiotind 7| 3|2t a7 2 4] 6|24 2| 7 14 4|62 a7 2 afl 6| 2 7|53 aflz2]8 6| 3|18 2|50 HEIE MK
System-Wide (assuming systom; Lostsever capaciy for
nearly worst case) extrome rain
n reas servi v y rintals;
f:ﬂi;"“‘“"“""““”"“"”VW“""‘“ 4 | 7| 28 |Surtace flooding >1m; Potentia 7| 7|40 a| 4 16 4| 3|12 2| 7 14 alale al 7 2 al 7| 2 7|82 als|2 6| 5|30 2|61 72|14 7|2
Zone 2 Commerclal Areas serviced by combined 4| 7|2 y i 7| 6|4 4| 2 8 4| 2|8 2| 7 “ 46|24 a7 2 a| 6| 2 7| 3|2 a4l 2|8 6| 318 2| 6|12 7] 2[4 72|14
sewers fooding >1m
Goivery Any assets belowgradel
Loss of Electricl power delivery - Pumps 4] 4|16 |t nmon, pover sanste 7] 2|14 4| 2 8 al2]s 2| 5| 10 4| 3|2 af 6| 2 o 3| AEXED 46|28 6] 5|30 2| 7|1 7] 2|14 7] 2|1
inZone 2 flagged fr futher
sty
55 of Comumunications - equipmen Max 30=Events giving damage
u "“’g At quipment 4 | 4 | 16 |to telephone lines; Below grade 73|z 4l 2 8 428 2| 5 10 a2 4| 6 2 4l 3 12 7]3|2 4] 5|2 6| 5|3 2| 7|14 7]2|14 7] 2|14
monitorin o
Max 0= i
Surface drainage and surface transportation 4| s | oo |gustsorotrer camaging evert 7| ala 4 2 s 4 2le ol s | sl s = sl on - R ol 5|30 o 7] R il
(emergemcy response) aftecing emergency response;
Max 26= 100 year ainfal overt
Pad mounted electrical 4| 7| 28 |Exromel sensive t sutaco 7017 4| 1 4 a1 2| 7| a|2]8 ol 7| = 4| 2| 8 72| 4| 4|6 6| 2|12 2| 7|14 7| 2| 7| 2|
ooding < 1m or mora indept:
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3A- PIEVC Worksheet AL {xisx

Climate change risk assessment of the City of Windsor's West Windsor public, private and institutional assets and third party risks, focussing on flooding risks
This PIEVC risk assessment rts. Parts 1,2 and 3 refe d \d refer to assets with medium 3 ty a , interviews, forensic
analysis of past impacts, other reports and informed by modelling of the City's sewer, surface and river level flows. Part 4 i i d third party i

ghig indicato Medium to High site risks

Future Condition - 2050

_— Rationale For Severity. R |Rationale For Severity |yl p R |Rati i Rationale For R |Rationale For Rationale For Rationale For R |Rationale For R |Rationale For R |Rationale For R | Rationale For Rationale For R | Rationale For
Scora Scora re Soverity Scara Severity Scora Soverity Scara Soverity Scara Saverity Seore Soverity Scara Saverity Scora Soverity Scara Saverity Scora Soverity Scara
Part 1
Zone 1 - E of Russel €
Max risk 36= Combined prob
el A 6 | B | 36 |event fails 5 year design storm 7| 5|35 417 28 45|20 2 7 14 47|28 4 7 28 4 7 28 7|4 41312 63|18 2| 5|10 73|21 71321
[T 6 | 6 | 36 [Man36= sk 100 yrran 7131 a5 [ 20 a6 |24 2 6 | 1 RN P ) il 6 | 2 7 a8 FREENED) [EIENED 250 73 |21 73|21
Riverside Dr 6 |5 | 30 [Max36 = iskw 100vrran 73 o1 a4l 44l > 6 [ 1 24l 7 I T 7 S T 74 o8 4 a1 [EENET) > [ 6 [0 7 o1 7 a0
(MH) 6 | 5 | 30 |Locationspecific 7 | 3 [ 21 [tocation specific 41 7 28 5|7]35 2 7 14 41728 4 7 28 | worst case- specific sites. 4 7 28 [worst case- specific sites 7_|N/A 413112 73|21 2510 711]7 71117
Sanitary Sewers 6 5 a0 7] 428 a7 [ 5] 7|35 2 [ 7 [ 1 a7 4 |7 | o8 [worscase spesiicsites 4 [ 7 | o8 |worsicese speciicsies 7 [N 431 715 21 2als 7117 T 7
6212 72 [ a7 s 5735 2 7 | 1 a7 4|7 |28 [wortcase-speoificsites 4 [ 7 |28 |worstcase-speciicsies 7 [N 4416 7o 14 2[5 10 713 21 AENE
65 a0 [AREE a7 [ om 57|35 o 7 [ 1a a7 o 4 [ 7 | R [worstcase-soel 47 | onJworstcase-spe 7 Al 44l 74 om > 15 [0 Tl T 7
x40 = <<100 7 FIIL:comby
Lou Romano Water Reclamation Plant (LRWRP): 6| 6 events with high river 7| a2 5
infow from Western Trunk e pecfcaly 36 4l 6|2 5|25 2| 7| a| 7|28 a|l 7| 2 4| 7| 2 774 alale ala|te 2 14 7]2|. 72|
(<100 vear water levels for impacts)
ik 48 TSk w100 y7 VL
Blockage main oufal, backfiow
6| 7| a2 [ o veatment rer 7|48 4l 7|28 573 2| 7 14 4|5 |20 a7 28 a4l 7 28 77|49 41416 74|28 2|7 |4 72|14 7|2 |1
Lou Romano Water Reclamation Plant (LRWRP) o o canneis
74 [Location specilc a7 [ om D 1 7 [ 7 [ P I T 7 | on[wonstcase speciicsies 7 T 5 o0 7 [ > [ 7 12 75 [ 7> [
36 [ 36-Mastor @24 due om rain 7 N ) 210 > 6 [ 1 7E D 7 T ) 7 N T 7 a a1 7 ot 2510 7 2[4 7 2[4
o an a7 [ om 7 s o7 | 1a 27 om S I 4|7 | oa [worstcase speciicsies 7 4 a1 73 o1 5[5 [0 7> 14 7[> |14
Outfals 24 a7 o8 2 10 2 6 [ 12 a7 7 ) 4 [ 7 | o8 [worstcaso-specifcsies 7 7S ENED) 713 o1 2610 71514 72 14
i 30 4| 7 28 7135 2 7 14 4| 7]28 4 6 24 4 7 28 | worst case- specific sites. 7 4| 4|16 71321 2/6[12 71214 712 |14
Catch Basins 30 |Location specific 4| 7 28 7135 2 7 14 4| 7]28 4 6 24 4 7 28 7 41520 71535 2|7 [14 71214 712 |14
Drains 30 |Location specific 4| 7 28 7135 2 7 14 4| 7]28 4 6 24 4 7 28 7 41416 71428 2510 71214 712 |14
Culverts 30 |Location specific 41 7 28 7135 2 7 14 417 ]28 4 6 24 4 7 28 7 415120 71535 21612 71321 7132
6 | 6 | 3p [Fals 5 yr 36-Master due im 7|53 47|28 5|6 |30 2| 7 14 4|6 |24 a| 7 28 al 7| 28 7 als]12 7]3 |2 2|6 |12 7]3 |2 7 )38
Maior Roadwav - hurch Road 6] 4|24 7] 2[4 4l a |16 5[NA 2| 5 10 43|12 4| 5 20 4] 4 16 7 428 7214 26 |12 732 73|21
i il 6 | 6 | 36 [Excessive HGL 71 2]14 4] 4 16 5| 4|20 2 7 14 413]12 4 6 24 4 4 16 7 412]8 71214 2|6]12 71321 71321
|Maior Roadwav - Oiibwav Parkway_ 6| 4|24 71 2]14 4] 3 12 5[ 3|15 2 4 8 413]12 4 4 16 4 3 12 7 413112 71321 2| 7114 71321 71321
Maior Roadwa - Prince Road 6| 4|24 71 2]14 41 4 16 5[ 3|15 2 5 10 413]12 4 5 20 4 4 16 7 412]8 71214 2|6]12 71321 71321
i iversic it 6 | 5| 30 [Excessive 713]21 41 4 16 5| 4|20 2 5 10 414116 4 5 20 4 4 16 7 413112 71321 2| 7114 71321 71321
Wiax =100 yr o
6 | 6 | 36 |combination, high HGL, mdt 7| 4|28 4| 5 20 5|42 2 7 14 4520 4 7 28 4 6 24 74|28 41520 715|35 2| 7|14 73|21 71321
Maior Roadwav - Universitv Avenue 6| 4|24 72|14 4] 4 16 5|42 2 5 10 414116 4 5 20 4 4 16 7_|NA 413112 71321 2| 7114 71321 71321
Maior Roadway - w 6| 4o 7] 2] 4l ale 5[ 420 2] 5 [ 10 “ |46 a5 | 20 a4 7 [NA FRENER 732 27w 732 752
Ambassador Bri ian Border Services 6| 6 | 36 [Max3e 100y 7| 4|28 4| 4|16 54|20 2| 7 14 4|6 |24 a| 7 28 4| 5| 20 7|53 al2]8 72|14 2[2]4 7]3 |2 7 )38
Rail Tracks 6 | 3 | 18 |Max 2= combination everés 72| ale o 5[5 2 2 7 | 4|6l a7 | o8 4] 6 [ 2 716 a FRENER) 732 236 72 72w
St Michaer” ool I EERRD 712 4l 52 5] 5|2 2] 6 | 1 AR a6 | o 4] 5[ 2 7 [N N EEED 742 2 7|1 71214 721
[Duff - Baby House (museum] 6] a1 72 4l sl 552 2] 5 [ 10 AR a5 | 2 4] 5[ 2 7 [na 44l 7428 27| 71214 72
ik 3= due 100y Syrran
Canada South Science Gty - Tourist Attraction R 7| 5| AR 5[5 2 2| 7| A il 7| = il 7| » 75| AR 7|4l 2| 7| 72| 7|2
West Windsor Musallah - Mosque 6 | 7| a2 |Maxdzerdue 100yror Syrran 7|64 4l 5|20 5[ 4] 20 2| 7 14 46| 4| 7 28 4| 7 28 74|28 4]3|12 7] 4|28 2| 7|1 7]2]14 72|14
:’_‘:ﬁ?v Essex Community Health - Community 6| 3|18 7|2 4| 4|16 5| 4|20 2 4 8 4 4|16 4 4 16 4 4 16 7 NIA 4] 5|2 71535 27|14 72|14 72|14
Viax 49= Gue 100 7 or Syr a8
Major F.A. Tilston, VC, Armoury and Windsor 6 | 7 | 42 |combination: sig bsmi flood - 7|74 4| 6|28 5[ 6|30 2| 7 14 a| 7|28 a7 28 a| 7 28 7 4]5|20 705 2| 7|14 7]2]14 7] 2|14
Police Training Centre NA
Mackenie Hall Culural Centre 6] a1 712 al 4l 5[ 4al2 2] 4| @ a4l a4 6 al a1 7 [N a4l 74l 27| 72 72w
St John's Anglican Church - historic site 6|3l 7] 2 4l a6 5[ 4al20 2] 4| 8 a4l a4 al a1 7 [na 44l 742 271 721 712
Islamic Academy Windsor 6| 6 | 36 Mardzdwsaiors 7|64 4| 5|20 5| 4|20 2| 7 14 4| 6|2 4| 7 28 4| 6| 2 7|42 4|32 7|42 27|14 72|14 7)2]1
Society of St Vincent de Paul 6| 6 | 36 Mardz=o&ioore 7|64 4| 5|20 5| 4|20 2| 7 14 4| 6|2 4| 7 28 4| 6| 2 7|42 4|32 7|42 2|71 72|14 7)2]1
(General Brock Public School 6| 5 | g [Maxds=5&o0yre 7| 5|3 4] 5|2 HEE) 2 6| 12 45|20 4| 7 2 4| 5| 2 7] 4|2 a4l 74|28 2| 7|1 72 [ 7] 2[4
Sandwich Teen Action Group 6| 6 | 36 [Mardzdwsaioora 7|64 4| 5|20 5| 4|20 2| 7 14 4| 6|2 a| 7 28 4| 6 | 2 7|42 4|32 7|42 2| 7)1 7|2 |4 72|
Sandwich First Baptist Church 6 | 5 | 30 |Max30=dve 100y rain AEE 4l 28 5[2]10 2] 5 [ 10 7R EEN 7] a5 | 2 sl 3 w2 [AENE ala|n 73 27| 72 72|
64 oa 712 [ 7 ) 51315 > 5 [ 10 o lw P ) 7 P ) 73 o1 a3l T4l P ) AN T2
oy Bradiey Park 6 [ 4 os 721 4l 28 51210 2 2 | 4 s 28 i 2 ] 7 P ) E2 N 431 742 26|12 72 s 72
fssets Park 6 a2 T2 4l 25 52110 2 2 [ 4 al2ls a2 8 a2 8 77 A EEER] [AREET 2 e [12 72 72
i 6= sorilve o wnd, o
Overhead electrical distribution 6 | 3 | 18 |abvgnd; Also 100yr rain & HWL 7| 2|14 4| 2 8 5|1 5 2 3 6 4128 4 2 8 4 2 8 717 4] 5|20 7] 5|35 27|14 72|14 72|14
Energy and b oot
6 | 7 | 4z |pexia due 100y rein & HWL 72|14 4] 5|2 5| 2|10 2| 7| 14 4 6|2 a7 2 4| 3| 12 7] 42 K 7] 4|2 2510 7]2[n 72|14
Infrastructure Max 35=0u0 wind, co aby gnd;
Telecommunication 6 | 4 | 24 |Alo 100yr rain & HWL below 7| 2|14 4| 3|12 52|10 2 4 8 43|12 4 4 16 4 2 8 71214 4] 5|20 7] 5|35 27|14 7| 2|14 72|14
e
Residential See Part 4. 6 7 4 5 4 4 N/A 7 4| 4116 74|28 2| 6[12
See Partd 6 7 4 5 4 4 NA 7 4 74|28 2| 6[12
6 a2 72 P T 5[5 21 5 [ 10 rE T 7 N T il 5 % 731 452 7428 2 [ 7|4 72 72|
Industral Assets
other industrial suildings - See Part 4
Part 2
Zone 2 - W of Russel St., N of Broadway St., W to shoreline
Oilbwav Parkway - Combined Sewer 6 1 5 [ 30 [21-100 yr ria: sia HGs 71321 4l 3l 5[ 210 2] 7 [ 14 al3al12 4] 5 [ 2 4l 3 12 721 4lo8 721 261 71214 7121
Riverside Dr 6 | 5 [ 30 [21=100 yr rainfall sig HGLs 712114 4] 3 12 5[ 2] 10 2 7 14 4| 3]12 4 5 20 4 3 12 7] 2] 14 4l 218 7] 2|14 2] 6112 7214 712114
o 6| 6 | 36 [a2oeyr 100 einfal mtsic 7| 6|4 AEED HEIRS 2| 7 i 46| 4| 7 28 4| 6| 2 72|14 4| 3 | 12 |debrs generaton 7 | 4 | 28 |debrs generation: ree 2|5]10 72| AEIR
[ FRET) 72 [ a7 [ om 5] 7| 2 7 | 1a a7 om i 7 [ s il 7 | 7 [NA a2 7 2[4 2 [ 5[0 75 o1 7 a1
W 6 5130 73 o1 a7 28 57 (35 2 7 | 4728 a7 [ 28 sl 7] 28 7 [N RN ED) 732t 2510 717 717
Pumo Stations 6 [ 5 a0 7428 a7 o 517 | 35 [Locatonspecitc > 7 [ 1 a7 o a7 [ s a7 o 7 [N 4 a8 7428 250 77 2 2
ToHoh e vl (< T35eMost i watr ek (<< S<ror 57 o
Pump Station - Prospect Ave: 6| 6| 36 |100yearcvent powerrom 7| 2|1 4| 7|28 5| 6 | 30 | 100year event). pover from 2| 7| I af| 7| » af 7| 2 7|6 a afs| 7| 5 | 35 |waterieves (<< 100 year 27| 72| 7)2|
treet ligh street ight event), power from street
42=<100 yr FWL oxveme ran. ower
Pump Station - McKee Road 6 | 6 | 36 |backilow during HWL. Street 73|21 4| 7| 28 5| 6|30 2 7 14 4| 6|24 4 7 28 4 7 28 7| 6|42 4] 5|20 71 5|35 2| 7|14 72|14 72|14
tooding power
i3 8 7 7 TNA 20 E ia ENEZ 21
te 14 8 7 8 NIA 8 0. 2 |1 14
14 7 7 4 428 8| 4] 2 3] > 21]
14 8 7 8 N/A 16 2. 2 |1 14
Catch Basins i) 8 7 8 NA 20 E 7 2 [ 14
2= <100 yr HWL & oxiome
s 6| 7|42 rain submerged HWK & 7| 3|2 4| 7|28 5[6|30 2| 7 14 4|52 a7 28 al 6| 24 7|53 428 7| 2|4 2|62 7| 2|4 7| 2]
sin
Drains 61 5[30 7121 a7 2 573 21 6 12 a7 (28 a7 28 a7 28 7 [nia] 4 a6 7 a2 2[5 [0 7214 72112
Culverts. 6] 5]30 72|14 41 7 28 5|7]35 2 6 12 4| 7]28 4 7 28 4 7 28 7_|NA 41520 71535 2612 71321 7132
e 2700 ~cortined
s 7 | piant (uwrP) 6 | 6 | 36| ver levelwavelirasboard 73| 4| 7|28 5[ 6|30 2| 6 12 4|6 2 a7 28 a| 7 28 7]5]|3 43|12 7] 2 2| 6|12 7]2|14 7] 2|14
Infrastructure Wil st - Outfall, i 6 | 6 [ 36 |2oio0 year I comared 7|32 4] 7|28 5|63 2| 8 12 46| 4| 7| 2 4| 7| 2 7[5 4 12 73|20 2 12 72| 72|14
362100 year rain, oull hgher
Transportation | vaior. i av 6 | 6 [ 36 |20 7] 5]ss AEE 5[5]|2 7 AEE) s 7| o 4] 5] 2 7|42 AR HE 2[6|n 72| 7 14
362100 yeer ran possily ower,
i 6 | 6 | 36 [oufal nghor tanitch, foods 7| 5|3 A EY 5|52 2| 7| AR af 7| 2 4 5| 2 74| AR 7] 3|2 2|6 72| HEIR
Maior Roadway - Riverside Drive 6] 5] 30 7] 2114 4] 3 12 5[ 2] 10 2 7 14 4 12 4 5 20 4 3 12 7] 2] 14 a2 7] 2] 14 2] 6112 7] 214 7] 2114
(Gabris gencration Gebris generaton ree
Maior Roadwav 6] 6|3 7| 6|4 4| 4. 5|3| 1 2| 7 14 4|62 a| 7 28 4| 8| 2 7]2[" 43| 7| 4| 28| 25|10 72| 72|
‘Ambassador Brdge/Huron-Church catch basin,
uttall weir 6| 7| 42 [\l 100 yrram 5yr e 7|53 4 6|24 5)6|30 2| 7 14 4 6l a4l 6 2 al 6| 24 7|53 af3f2 7|32 2| 6|12 7|32 732
6 | 6 | 36 |Ckfiooding across Sandvich . HEIE 4l 6|2 5|52 2| 7| 4 » af 7| 2 af 6| 2 7|53 af2|s 7|32 2|61 7|32 7|3
E® 5
. 6| 6 | 36 |seeedene an 7| 3|2 4l 6| 5|52 2 6| 12 4 20 af 7| 2 af 6| 2 7|53 al2|s 7|32 2|61 7|32 7|3
Rail Tracks 6| 3 | 18 [Max35-combination events 712]14 4] 6 | 24 5|52 2] 7 14 4|6 |2 4| 7 28 4] 6 24 7 35 41312 61318 2|36 71214 72|14
Sthichaer” [REENET) 72| 1 a5 2 a5 20 P G ) Z 5120 P T T 7 T 7 [NA S a7 6 [ 424 > [ 7] 72 72w
N yr—— 63 [ 7] 2] 14 a5 o0 45 %0 2 5 [ 10 250 S I T a5 [ % 7 [N a4l 6 [ 404 > [ 714 7214 7214
X 35=dus 10037 & By
Canada South Science City - Tourist Attra 6 6 |36 [hmer s e 7| 5|as AR AR 2| 7| e 46| sl 7| 2 4| 7| = 7]5 |3 4|32 6| 4|2 2| 7|14 7] 2|4 7] 2|14
West Windsor Musallah - Mosque 6| 7 | 4z |Mardz= 100y oty ming 7| 6|4 4] 5|2 44, 2 4 46| a7 28 4| 7| 2 7]4|2s 43| 6| 4|2 2| 7|1 72| 72|
Institutional Buildings :ﬁ:ﬁ?r Essex Communtey Health - Community 6| 3|18 7 14 4| 16 16 4 8 4| 4|16 4 4 16 4 4 16 NIA 45|20 5|30 2714 72|14 7 14
jor on nd Win WX 495100 yror Syr in &
Major £.A- Histon, VG, Armoury and Windsor 6| 7 | 42 |combinaton: sigbsmi food- 7| 7|4 4l 6| 2 N 2| 7| il 7| sl 7| = il 7| = 7 45| 6| 5|3 2| 7| 7| 2| 7| 2|
Police Training Centre NA
ttural Cont 613 72 P T PN N KT 2 4| & ST P T P T 7 [NA T 6| 428 2 [ 7| 712 72
St ohn's Anol 63 7] 2 1a 4l a1 A a6 2 4 & FEEEET a2 2 a1 7 [N a4l 6 424 2 [ 714 7214 7214
Islamic Academy Windsor 6| 6 | 3p Mardz=odoore 7|6 |4 4] 5|2 alale 2| 7| AR a7 2 4| 6| 2 742 BRI 6| 4|2 2| 7(14 HEE 7] 2[4
Society of St Vincent de Paul 6| 6 | 3p Mardz=odoore 7|6 |4 4] 5|2 alale 2| 7| AR a7 2 4| 6| 2 742 BRI 6| 4|2 2| 7[1 HEE 7] 2[4
General Brock Public School 6| 5 | 3p [Maxds-oionye HEE 4] 5|2 alale 2 6| 12 45|20 a4l 7 2 4|l 5| 2 7] 4|2 a4l 6| 4|2 2| 7[1 HEE 7] 2[4
Sandwich Teen Action Group 6| 6 | 3p Mardzosionye 7|6 |4 4] 5|2 alale 2| 7| AR a7 2 4| 6| 2 742 BRI 6| 4|2 2| 7(14 HEE 7] 2[4
Sandwich First Baist Church 6 |5 | 30 {Max 30 dve 100yrran 7132 i 28 28 7] 5 | 10 7 N 7 P ) 7 B ) 7 a2 N N ) 6|38 2 A 72 72|
Chateau Park LTC Centre 6| 5 | 30 |3-100vear ain wind 7|32 4] 5|2 5|5|2 2| 8 2 4|5]20 4] s 20 4l 5] 2 7|53 45|20 7|53 2| 7|1 7]3[2 7] 3|2
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rea Lakesnstutefor Envionmentl s 6] 5 | a0 [iqermtesenen BB ARE s[s]2 2] 6] w ARE il | = AR 1] 3w 1[4 27w ] 1]
614l AR sl 5[5 2] 6 | 1w a5 il 6 = il 5 [ AEES 452 AR 27w 71 3[a1 A K
TR r— o o | 10 o e || 7] 21 naE ARE 21 5 1w AR 5 o 5| » s e ARD T2 s 7 [ 1 = 15 2
b 6 a2 712 il (315 PN I ) a6 7 A ) 5w 714l al2ls T3 1612 713 % 73t
ik 6 aloa 712 [ 4l 28 512110 > 2 [ 4 a2 P P ) a2 | T2 428 T a2 > 612 71214 721
e’ park 61 4o AR 4218 5T 2[10 > 2 [ & 28 P PR ) 78 P ) T2 428 7142 2612 71214 7211
6| 4 =100 year AL rotaning T
Chateau park - Ambassador Bridge area 2 00 year WL 7 ARE 5| 5] 2 2| s | 10 AR 4] 6| 2 4] 6| 2 e 4l2]s 7] 2] 2| 5[0 7| 3]a 7] 3]
F0Tiooting whgh HOLs:cia]
6| 5| 30 |3 party inrastrucure,fsre 7|32 4l 4l s[3|1s 2| 6| 12 afafre af 5| 2 af 4| 1 AEIED 45| IAEIED 2| 6|1 7| 2| 7| 2|
1C Keith Transformer Station s
i 5= sersitve o wid.
- 6 | 3| 18 |abvand; Aso 100yrain® HwL 7| 2| il 2|8 s[ 1|5 2| 3| e al2]s 4l 2 s al 2| 8 AR als|2 75| 2| 7| 72| 72|
Vi 42 e 100y rain & FAAL
energyand Sub-grade vaults 6| 7 | 42 o gns ind, ico sovgnt HEIRD EREY 5[ 2] 10 2| 7| 46| il 7| 2 al 3| w2 7|4l als|2 [ARIE] 2| 5|10 7| 2| 7| 2]
Communications ik 5= Wi o2 8V g
Infrastructure | Sub-grade transformers 6| 4| 24 |Ao 100yrrana HL boow 7| 2|1 NERE 5|2 10 2| 4| 8 al3|n ala| 1. al 2| 8 7| 2| als|2 75| 2| 7| 7| 2| 7| 2]
49-Gombined svents 100 yoar
y " rain, 5 yearrain; subgrace
Atura Power Brighton Beach Gen Station 6| 7 [ ap [ Syearra sboade 7| 8|2 4l 7|2 s[ 7|3 2| 7| FARAE' s 7| = s 7| = 7| 7|4 ARIE 7| 5|3 2| 6|12 72| 7|2
o m
Vi 35300 wind. co abv g,
Telecommunication 6 | 4| 24 |wao 100yrrain HWL below 7| 2|1 4l 3| 52] 10 2| 4| 8 af3f2 s 4| 6 4| 2| 8 72| 4fs| 7|53 27| 72| HEIR:
et
Residential ings - See Part 4
ial Buildines | Buildines -See Partd
Transpof Trucking/LogTis - Van D& Fogan
Group (VG trucking); Cole-Carrers Inc.; Stantec IR 7017 4l 3|n al2]s 2| 4| 8 al2|s il e | . il 2| 8 AR alafne [ARIE] 2|62 AR 7]
Traiers
Industrial Assets 6| 7| 42| F2-combined prob evert, 7|32 4] 5|20 5[ 4|20 2| 7 14 al4]e a| 7 28 4| 5| 20 7|53 al3]2 732 2|7 )14 7| 2|4 7| 2]
Windsor Salt - end of Prospect Ave 6 | 7| ap | f2Master erosion 100 year 7| 3|21 4l 5|20 5[ 5|25 2| 7 14 a| 6|2 a7 28 a| s 20 7] 6|4 4] 3|12 704|2s 2| 7|14 70214 7] 2[4
‘Newmak Windsor Aluminum Plant 6] a2 7] 2] 4l2]8 s[2]10 2| 4| 8 42| Al 4] . il 2] s 72| a4l AR 2| 7| 72| 72|
Part3
[Zone 3 - W of Oiibway Pkwy... N of Morten Dr. to Broadway St.
Sanitary Sewers
6| 7 | 4z [sgomone et 00yl 7| 6|42 4l 5|2 5| 4|20 2| 7| e 4f6fas a| 7| = 4| 6| 20 7]5]|3s 4l 3|2 78|z 2|6 7] 2|14 7] 2|14
32= Exrerne 5 & 100 year rain:
Wastwstarand |, 7| 6 | 42 |vorarop priopans macstes 7| 6|4 4l a6 5|3 s 7| 5)6|a 4| 7| 4| 6| 2 ARIES] 4fa|n 73|z 2|6 73|z 7|3
Stormwater System Assets [\1aint C 6] 212 7] 214 a7 |28 5] 7 [as 2 7 14 47 |98 4 7 28 4| 7 28 7 | NiA] 1 alale 7214 2510 7 a2 7 a2
pumo stations 6|5 7] 42 ARAE 5] 7 2| 7 | i 4|7 |2 4] 7 | 2 a7 | 2 7 [N L 4 20| powerouages 7 35 | pover otagos,cebrs 2 10 717 ARIES
[ A 20 E ) 3 {21
st Nia| ) 0 B
Outfalls A B 6 7
v Nia| T 1 7
A 20 E ) 2
Nia| I8 0 £
A 20 12 3 21
6| 5|3 7|4l 4| 6|2 5[5 2 2| 7| e K sl 7| 4l 6| 2 7 | Nial Location specific alafe 7|42 2| 5|10 I HEIE]
6 | 7| 42 |vearrin.5 yearrain LOS for 7| 5|3 428 s[2|10 2| 7| w4 ARAES s 7| s 7| = 75| alale ARIES] 2|61 72| HAENE
ay 53% road
42=100 yoar & 5 yoar .
Maior Road: 6 | 7 [ 42 |t wetons motaing 7] 6]a 4 2] 5[ 2|10 N ARE: s 7] = ARE 7] 2] AR HBE HEE 7] 2] 7] 2]
322100 yoa rain, 5ysar ain.
ety 6| 7 | az |Sopereapen v 075 7|6l al3|n s[2|10 2| 7| afefan af| 7| 2 4| 6| 2 AEIES 4fs | AEIES 2|61 7|2 7)2|
Detroit-Windsor Truck Ferry ce
ST yeTES
i Combined overt: mc
6| 7| 42 | foogmg for 100 ear HEES 428 s[2|10 2| 6| 12 4| 5|2 4| 6| 2 4 5| 2 72| alale 73|z 2|6 72| 7| 2|
Rail Tracks cain
5100 year rain & combined
Park Assets Black Oak Heritage Park 6| 5| 30 |Exremevind.icostom sic 7| 8|2 428 sl 2|10 2| 6| 1 BRI a7 | af 4| 1 7|82 afs| 7|53 2| 5|10 72| 7)2 |
i 30- seriive o wid, ce
6 | 3| 18 |abvand; Aso 100yrain& KWL 7| 2| 4l 2|8 s[ 1|5 2 3| 6 af2]s 4 2 8 4l 2| 8 AR als|2 75| 2| 7| 72| HEIES
o orruee:
ey it Sub-grade vaults 6| 7|42 L‘s;f:‘;:jﬂf{;;j:;"m 7| 2|14 4| 5|2 5[ 2|10 2| 7 14 4| 6|24 a7 28 a| 3 12 7] 4|2 4]s|20 7] 4|28 2| 5|10 70 2]14 7] 2|14
iax 30=Gue wind o2 abv 0
Infrastructure | Sub-grade transformers 6| 4| 24 |Amo 100yrrain& KL boow 7| 2|1 4| 3| 52|10 2| 4| 8 al3|n ala| . al 2| 8 7| 2| a4 75| 2| 7| 72| HAEIRD
o
Viax 30-G0 wind o2 2bv 0
Telecommunication 6| 4| 24 |Amo 100yrrain& WL boow 7| 2|1 4| 3| 52|10 2| 4| 8 al3|n ala| . al 2| 8 7| 2| a4 75| 2| 7| 72| HAEIRD
o
Shoreline Properties - Mortrem Ltd; ADM 6| 5|30 7| 3|2 4l 3|12 52|10 2| 6 | 12 4|46 4| 6| 2 4| 5| 2 7] 4|2 4l a4l 7] 4|2 2| 6|12 7] 2|14 7] 2|4
Windsor Salt Mine - ditch entrance 6 | 7| 42 |s0=Hwi <100yr Combines 7|53 AR 56|30 2| 7| ARAES af| 7| » af 7| 2 7|7 al2|s 72| 2|6 |n 72| 7)2 |
Windsor Salt Mine 6|7 HEES 4| 6| s[6| 2| 7| ARAES s 7| s 7| = 7|7 |4 alz2|s ARIES] 2|61 72| 7)2 |
tioran ) 7117 a5l 5[ 4l% 21 5 [ 10 el il 6| = P ) 7lal% al2(s 7150 21510 A AR
Part4
System-Wide Risks and Critical Third Party Services
2=Gombied prob 58 700
Zone 1 Residential Areas serviced by combined year in Likey basement
! 6 | 6 | 36 [searyom ey basemen 7| 6|42 NIEART 54|20 2| 7| e S af 7| = al 6| 2 7|42 alafe 7|42 2| 7)1 72| HEIR
sewe exteme rain
N 42-Combined prot 58 100
Zone 1 Commerclal Areas serviced by combined 6 | 7 | a4z |yearrein generaly; Likely 7| 6|42 4] 4|16 5| 4|20 2| 7 14 4|62 4| 7 28 a4l 6 2 7| 4|28 4| a8 7| 4|28 2| 7|14 7| 2|14 7| 2|14
sewe Gasement foodng; Siface
Zone 1 Industria) Bulldings serviced by 6| 6| 36 |210080 e Marh 7| 6|4 4l a1 HEIES 2| 7| 1 46| a|l 7| 2 4| 6| 2 7]al2s 4l a|e 7] a2 2| 7|14 7] 2|14 7] 2|14
Tigh iver ovet above 174 6m
bocked oufals and back
zone 2 Combined Sewer Outfalls 6 | 5 | 30 |feacing it combinec system: 73| 4l 7|28 563 2| 7| 14 A s 7| = 4 6| 2 7|s|s al2|s AR 2| 5|10 IR AEIE
System-Wide Assets Lost sewer capacity for extreme
49 = Heavy ranials Suface
1""';’“""’"“"’““""‘“‘"“""“"““’ 6 | 7| 42 |fooding >im: Potental 7| 7|4 4| 4| 531 2| 7 14 alale a7 2 al 7| 28 7|82 als|2 7|53 2|61 72| 7|2
Zone 2 Commerclal Areas serviced by combined 6| 7 2. Hoay il Sutace 7| 6|42 al 2|8 5| 2|10 2| 7| 1 A afl 7| 28 4 6| 2 AR 4l 2|8 7] 3|2 2| 6|12 7] 2|14 7] 2|4
sower o
lvery: An assets below radel
Loss of lectrical power delivery - Pumps. 6 | 4| 24 |(waterinusion) Powerassets HEIRS 4l 2|8 s[2|10 2 s | 10 afsf2 4| 6| 2 4 3| 2 AR afe|2 7|8 2| 7|1 7|21 7)2)1
inZone 2 flagged fr futher
0y
SoE
Loss of Comumunications - equipment 6| 4 | 24 [tclephone lnes; Below grade: 7| 3|2 al 2|8 5| 2|10 2| 5 10 43| a4l 6 2 4|l 3| 12 7| 3|2 45|20 7|53 2| 7|14 7] 2[4 72|14
monitoring assers
3 o
Surface drainage and surface transportation gusts or atrer camaging evert
e e e oy 0| | @ R YRS 4l 2|8 s[2| 10 2| s | 10 4l |2 4| s | 2 4 3| 2 I afe|a 75| 2| 7|1 717 AEIR
s generaion
(42= 100 yoar tanVaT Ve
Exremely seniive o suface
Pad mounted electrical 6| 7|4 7l 4l 1|4 s[1] s 2| 7| w4 af2]8 ol 7| = al 2] 8 AR ARIR 7| 2| 2| 7| 72| 7| 2|

fooding < 1m or more in depth:
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3A- PIEVC Worksheet AL {xisx

Climate change risk assessment of the City of Windsor's West Windsor public, private and institutional assets and third party risks, focus:

g on flooding risks

This PIEVC risk assessment s divided into 4 parts. Parts 1, 2 and 3 1,2and 3 respectively, and refer to assets with medium to high climate change risks. These higher risks were identified via City of Windsor guidance, interviews,
forensic analysis ports and informed by rface and river level flows. Part 4 refers to system-wide risks and third party services.
i indi jium to High site risks

Future Condition - 2080

_— YN Rationale For Severity. R |Rationale For Severity [y [ p ForSeverity |\ p[ g | g [Rationale For Severity [,y Rationale For Rationale For Rationale For Rationale For R |Rationale For R |Rationale For R | Rationale For R |Rationale For Rationale For
Score Score. Score. Score Severity Score Severity Severity Score. Severity Scora Severity Score. Severity Score Severity Score. Severity Scora Severity Score.
Part 1
Zone 1 - E of Russel St., N of Ojibway Pkwy to Huron Church Rd.
Max ik 42= Combied pob
Felx Avene - Combined sewer 7| 6 | 42 |event fas 5 yeardesign storm HEES 4| 7|2 5| 5 |25 sl 7] 2 RAES sl 7| = s 7| = HEIE] IR 7[a|a 2|50 7|32 7|s|2
Py
42-Excoss HGLabu st for
il - combinedsewer 7| & | 42 | 00nmn-ronsisto 7)oz a5 | 5| 6 [ 26| n HRE) a6 | 2 Ao ARE) alan ARE 2|5 |0 AR AL
e
Riverside Dr - combined sewer 7] 5|38 ’TS,,:‘;:'”@‘““Y'“"‘ Same] HEE AR 4 26 | 12 5|4 4| s 20 4| 4| 16 74|28 43| 73|20 25|10 7|32 73|20
Intercentor Maintenance Holes (MH) 7| 5|35 |SeePartd 71 3]21 4l 7 | o8 5] 4 7 28 517 4 7 28 4 7 28 7 | N/A alal1 713l 21510 71117 711]7
715 [ 35[Seepans 71428 a7 28 5 a7 [ 2 5|7 7 A T a7 [ o8 7 A 7R ) 73 [ o1 2ala T 7 2
7|2 | 14 [seepans 72 [ 47 28 5 7 T 5|7 7 2 T 7 I T 7 [NiA rERNED 72 |14 21510 7521 73 21
Pump Stations 7| 5| 35|SeePat7 7142 4l 7 | 28 5] 4 7 28 517 4 7 28 4 7 28 7 [N 4|46 7] a0 21510 71117 7 7
L
comb extrome iver and rainfal
7 | 6 | 42 |events: Excess inflow throttle or 7| 4|28 4| 6 | 24 5 5 |25 4 7 28 5| 7|35 4 7 28 4 7 28 77|49 4416 7] 4|28 27|14 72|14 72|14
inflow from Western Trunk line specificaly (for ose gates; potenil basement
iver level )  flooding
ik 48 TSk w100 y7 VL
Blockage main oufal, backiow
7| 6 | az [Pockaoeman outal ook 7|42 46| 2 5| 5 |25 af 7| = 5|73 sl 7| = al 7| 28 7|7 | al4fe HEE 2|7 |14 7)2 | 72|
Note for much less than 100 year iver levels e s ity
Open drainage channels [AREF 71214 a7 [ 57 33’ 2| 7 | 28 [worstcase speciiosies 5 | 7 | 35 [worslcase speciicsites a7 28| worst case- speciic stes 4 [ 7 | 28 [worsicase specifiosies 7 [NA 4520 715 35 2 [ 714 7121 L
sl 7| o || ezoiman s T2 N 5 2 [0 W | 6 | 24 |0t ceserspeciicsies 5 | 3 | 15 |vorstcose-spectic ses W | 6 | 25 |vortcess speciicsios | 3 | 1z [ortcese soeciicsies 13z 2l 13 [ 215 10 T2 e B
7 E a7 o AES T 7 | on[worstcase- specificsies 5 | 7 | a5 [worst case- speciic stes a7 | on |worstcase-specitisies 27 | oA [worstcase soaciic ses 7 [NA 7E NN 7 a7 >[50 AR 7121
Outfalls 7 28 a7 28 0 4 [ 6 | 24 [worstcaso- specificsies 5 | 7 | 35 [worst case-specic sies 4 [ 6 |94 [worstcase-specifcsies 4 [ 7 |28 [wort case-spesic stes 7 [NiA aos 73 [ 21510 72 14 7o
Maintenance holes 35 4| 7 |28 7 4 7 28 | worst case- specific sites. 5 | 7 | 35 [worst case- specific sites 4 7 28 | worst case- specific sites 4 7 28  |worst case- specific shtes. 7 |NA 44116 71428 26|12 712 |14 72|14
Catch Basins 35 4l 7 |28 7 4| 7 28 | worst case- specific siles 5 | 7 | 35 |worst case- specific sites 4| 7 28__|vorst case- specifc sites 4| 7 28| worst case- specific stes 7 |NA 45|20 7153 2] 7 14 72|14 7] 2[4
Drains 35 4l 7 |28 7 4| 7 28 | worst case- specific siles 5 | 7 | 35 |worst case- specific sites 4| 7 28__|vorst case- specifc sites 4| 7 28| worst case- specific stes 7 |NA 4416 71428 2[5 10 72|14 7] 2[4
Culverts 35 4] 7 |28 7 |35] al 7 28 | worst case- specific siles 5 | 7 | 35 | worst case- specific sites 4| 7 28 | worst case- specific sites 4| 7 28 | worst case- specific stes 7 [NA 45|20 71535 2612 713 |21 732t
i 42 | Excessive HGL 41 7 | 28 6 |30 4 7 28 5| 6|30 4 7 28 4 7 28 715(35 41312 71321 2| 6|12 712]14 71214
Maior Roadway - Huron Church Road 74|28 72 4] 416 5[NA. 5 [ 2 5315 a5 [ 2 73 S T 7 [NA 4|28 72|14 2612 72 [ 72
i 7 | 6 | 42 |Excessive HGL 72|14 4] 4 16 5| 4 |20 4 7 28 5|3[15 4 6 24 4 4 16 7 35 4128 71214 2| 6|12 712]14 71214
Maior Roadwav - Oiibwav Parkwav 7| 4|28 71214 4] 3 12 5| 3 |15] 4 4 16 5|3[15 4 4 16 4 3 12 7 21 41312 71321 2| 7|14 712]14 71214
Maior Roadwav - Prince Road 7| 4|28 71214 4] 4 16 5| 3 |15] 4 5 20 5|3[15 4 5 20 4 4 16 7 21 4128 71214 2| 6|12 712]14 71214
i liverside Drive 7| 5 | 35 [Excessive HGL 73|21 41 4 16 5| 4 |20 4 5 20 5| 412 4 5 20 4 4 16 7 35 41312 71321 2| 7|14 712]14 71214
Transportation oy
-~ 7| 6 | 42 [xumran 7| 4|28 4] 5|20 5[ 4 |20 a7 28 5|52 a7 28 4| 6 24 7| 4|28 43|12 7| 4|28 2| 7|4 7] 2|14 7] 2|14
Maior Roadwav - 7| 428 71214 4] 4 16 5| 4 |20 4 5 20 5| 412 4 5 20 4 4 16 7 _[NA 41312 71321 2| 7|14 7 7
Maior Re 7| 4|28 71214 4] 4 16 5| 4 |20 4 5 20 5| 412 4 5 20 4 4 16 7 _[NA 41312 71321 2| 7|14 7 7
| Ambassador Bridge/Canadian Border Services 7| 6|4 7| 4|28 41 4 16 5| 4 |20| 4 7 28 5|6 |30 4 7 28 4 5 20 75|35 415|2 75|35 2|7 (14 72|14 72|14
Rail Tracks 7 | 3 | 21 [Max49=combination events 71214 416 | 24 5| 5 |25] 4 7 28 51630 4 7 28 4 8 24 71714 413112 71321 213|686 71214 71214
hael's 71321 71 2]14 4| 5|2 5| 5|25 4 6 24 5| 5|2 4 -] 24 4 6 24 7_|NA 4] 4]16 7| 4|28 2| 7|14 72|14 71214
Duff - Baby_ 71321 71 2]14 4| 5|2 5| 5|25 4 5 20 5| 5|2 4 5 20 4 5 20 7_|NA 4] 4]16 7| 4|28 2| 7|14 72|14 71214
canada South Science ity - Tourist Attraction 7| 6 | 42 |poxizz xmrnand sy 7| 5|3 4l 6|2 5| 525 4| 7| 28 5|63 4| 7| 2 [severiy=bueSr 4| 7| 28 7]5 |3 YR 7] 4|28 2] 7|14 72|14 7] 2|4
West Windsor Musallah - Mosque 7| 7 | 4 |Maxdo-due 100yror Syrrain& 7| 6|42 4] 5|2 5| 4 |20] al 7| 2 5|63 4 28 a7 | 28 7|42 4|31 7| 4|28 2| 7|14 7)2]1 72|14
Windsor Essex Community Health - Community 71 s |2t 71 2| 4| 4] s 4|20 o 4] 1 5|42 4 16 s a] 16 7 |ua BEE) 7|53 27| 7|2|m HEIE
P ——— Viax 9= o 100 yr or Syr |
\ Tlston, VC, Armoury and Windsor 7| 7| 49 |combinaton: merg response 7|74 4| 6|2 5| 6 |30 af 7| 2 5|73 al 7| = al 7| » 7 |y a|s|2 7ls|ss 27| 72| 72|
tr 71321 71 2]14 4| 4|16 5| 4 |20] 4 4 16 5] 4|20 4 4 16 4 4 16 7_|NA 41 4]16 71428 2| 7|14 72|14 71214
t John's i - historic site 71321 71 2]14 4] 4] 16 5| 4 |20] 4 4 16 5] 4|20 4 4 16 4 4 16 7_|NA 41 4]16 71428 2| 7|14 72|14 71214
Islamic Academy Windsor 7| 6 | a2 Mozt s b To0ra 7|6 |42 4] 5|2 5| 4 |20] 4| 7] 28 5] 6|3 4|7 28 al 7| 2= 74|28 43|12 7|42 27 [ AEIR 72 [
ociety of st Vincent de Paul 7| 6 | az Mozt s s io0ra 7|6 |42 4] 5|2 5| 4 |20] 4| 7] 28 5]6[3 4|7 28 al 7| = 74|28 43|12 7|42 27 [ AEIR 72 [
General Brock Public School 7| 5 | 35 [ s s 100 AEED 4] 5] 2 5 4|20 4| 6| 2 5]5|2 4| 6 | 2 a7 | 28 AEE AR 7] 4|2 27|14 72| 72|
sandwich Teen Action Group 7| 6 | a2 [Mericue s s 100 & 7|6 |42 4] 5|2 5| 4 |20] 4| 7] 28 5]6[3 4|7 28 al 7| = 74|28 43|12 7|42 27 [ AEIR 72 [
7 | 5 | 35 [Max35=due 100yr rain 73z 4 [ NA 5| NiA| a| 5[ 20 552 4] s 20 a] 5 732 a3l 732 2 [ 714 72|14 7214
Great Lakes nsitute forEnvronmental Studies 7| 5| 35 o o N HEE 4| 5|2 5| 5 |25 4| 6| 2 5[31s 4| 6| 2 s 3| 2 7|53 AR R 2|71 7] 2| 7|2
H Naw Fa 7 a8 71214 4l 520 5] 5 [25] a6 [ 2 51502 a6 24 2] 5 [ 20 7153 45120 7428 274 7132 FA R
paterson par ARIET 712 [ 7Y EERRT] 5[ 315 7 N T 5210 7 N T 7 I Y 71321 RN D T[22 2161 7o 14 T o1
Park Assets Bradley Park T4 2 721 4l 2] 8 5[ 2110 sl 2 s 5210 i) 8 s 2] s 2 I 2 RN T 742 2612 72 14 T2
AREED T2 4l 2] 5[ 2 [0 a2 8 5210 a2 8 a2 s 77 a3l ARAED 2612 72 724
x5 sorilve o wnd, o
7| 3| 21 |abvgnd; Also 100yr rain & HWL 7| 2|14 4| 2 8 50 1|5 4 3 12 5| 2|10 4 2 8 4 2 8 7117 45|20 75|35 27|14 72|14 72|14
i ot
Energy and Max 49= due 100yr rain & HWL
7| 7 | 49 |blo gnd; wind, ice abv gnd 7| 2|14 4| 5|20 5| 2 | 10| 4 7 28 5| 6|30 4 7 28 4 3 12 7| 4|28 4520 7| 4|28 2| 5|10 72|14 72|14
Infrastructure
Viax 35200 wind. co abv g
 Telecommunication 7| 4 | 28 |Aiso 100yr rain & HWL below 7| 2|14 4| 3|12 5| 2 | 10| 4 4 16 5| 3|15 4 4 16 4 2 8 7] 2|14 45|20 75|35 27|14 72|14 72|14
o
see part4 a| 7| 2 HEE a| 7| = 4| 6| 2
Commercial Buildings See Part 4 4 | NA NIA| 4 NIA NIA 7| 4|28 2| 6]12
714z 712 Al 416 5315 i 5[ % 542 T 6 = 7 I 73 a1 5% 74 2 [ 71 72| 72
Other Industria Buildings -See Part 4 1 1
Part 2
Zone 2 - W of Russel St., N of Broadway St., W to shoreline
(Oilbwav Parlwav - Combined Sewer 715 [ 35 [35-Mastorfor 100 vrrain ARIE 4l 31 5[ 2 [10) 4] 5[ 2 5315 4] 5[ 2 4l 3] 1» 7117 428 7121 261 71214 71214
Riverside D 7[5 [ 35 [s5=Mastorfor 100 yrrain 7121 41312 5[ 2 [10] 4 5 2 5315 a5 2 73 B ) 52N N 2 a 28 72|14 2612 72|14 7214
7 | 6 | ag |28y 100y rainfal mdt e 7| 6|42 4l 4. 5| 3 |15] 4| 6| 2 5]6[3 a| 7| = 4| 8| 2 AEIR a|3]12 7] 4|2 2|5[10 72| AEIR
intercetor Maintenance Holes (AL 715 731 a7 7 5[ 7 [ S I T EAED P 2 T 7 B 7 [wiA rEENED 73 [0 7[5 [0 2 I 2 2 I
7] 5135 71428 41 7 | 28 5] 7 |35t 4 7 28 517135 4 7 28 4 7 28 7_INA 413112 713121 21418 71117 71117
Maintenance Covers 712 1a 72 [1a a7 28 5[ 7 [as[t 7 T NS 7 2 T 7 I 7 [Nia rENET 7> |1 > 510 73 [21 73 o1
pum Stat 7] 5] 7] 428 47 28 57 [asL s 7 | 28 573 s 7 | 28 7 I T 7 [Na rEaET 7428 2510 i I 2 2 I 7
52-Hostigh watereves (<<
Pump station - Prospect Ave 7| 6| a2 | et e o 7| 2|14 4l 7|28 5| 6|30 4| 7| 28 5| 7|35 4| 7| 28 4| 7| 28 7] 5|35 45|20 7|53 2| 7|14 7] 2|14 7] 2|4
tch
422100 yr FWL oxveme ran.
Pump Station - McKee Road 7| 6|42 :"‘:bwdeHWl Street 73|21 4| 7|28 5[ 6|30 4 7 28 5| 6|30 4 7 28 4 7 28 7] 5|3 45|20 7] 5|3 27|14 72|14 72|14
odng
7 a2 7214 a7 [ o8 5] 7 |36 a6 | oa 573 a7 28 a7 28 7 [NA a5 ]20 715 [3s 2 [ 7 [1a 73 o1 73 [t
7] 53 T2 47 28 5[ 7 [35 a6 | 2 573 s 7 | 2 7 I T 7 [NA a28 73 21 27 14 712 1 721
AEE 7] 2] ARES 5| 5 |25 AR 5[6| s 7| = af 6| = 7] 4]2s al2]s 72| 2|61 HEIE HEE
Maintenance holes 7] 53 7z a7 2 5[ 7 (35 6 | 2 573 7 2 T 7 I T EATY rE T AN 261 72 | 712 s
Stormwater System Assets | Catch Basins. 7] 5[35 71 2]14 4] 7 | 28 5] 7 |35] 4 6 24 517138 4 7 28 4 7 28 7 | N/A 4|5 [20 715135 2| 7|14 712 |14 712 |14
2= <100 yr HWL & oxome
Mekee Creek catch basin 7| 7| 49| " rain submerged k& HEIE 4| 7|28 5| 6 |30 af 7| 2 5|52 sl 7| 2 af 6| 20 7|53 al2|s 72| 2|61 7)2| 72|
Drains 7] 53 72 a7 2 5[ 7 (35 6 | 2 573 7 2 T P T 7_[wia 4 a4l 74 2[5 [0 72w 7] 2 s
Culverts 7] 5[35 712]14 41 7 | 28 50 7 135 4 6 24 517135 4 7 28 4 7 28 7_INA 5120 715135 216112 713121 713121
utfal for Tou =T ~ombined
plant (LRWRP) 7| B | 42 [ e o 7| 3|21 4| 7|28 5[ 6 |30 4| 6| 24 5|63 a7 28 a7 28 7|53 3|12 73|21 2| 6|12 72|14 7] 2|14
Millst - Outtal, 7 | 6 | ag [2osi00 vear Hi combined HEE 4| 7|2 5[ 6 {30 4| 6| 20 5|63 a| 7| 28 4| 7| 28 7|64 AR 7] 3|2 2]6|12 72| 7] 2]
422100 year ran,outal gher
Maior Roadway - Oiibway Parkuay 7| 6 | 42 1o noote s e HEE 4| 5|20 5| 5 |25 s 7| 2 5[5 s 7| = 4| 5| 2 MK 4|4l HEIE 2|61 7| 2| 72|
" i et Ave 7 | 6 | ag 2100 year rain, oufal igher 7|5]3s 4| 5|2 5| 5 |2s] al 7| 2 5|52 a4l 7 2 a| 5| 2 7|42 al4le 7|32 2|6 |12 7)2]. 7| 2|4
Maior 7] 5135 7] 2114 i E] 12 5] 2 [10] 4 7 28 5] 3]15 4 5 20 4 3 12 7] 2]14 al2]8 7] 2114 2 6]12 7] 2114 7] 214
aior 7] 6|4 76|42 4l 4|16 5| 3|15 a| 7| 28 5] 6[30 a7 28 4| 6| 2 721 4| 3] 12| debrsgeneraton 7| 4|28 debrs generaton: e 2|5[10 72| 72|
Ambassador Bridge/Huron-Church catch basin, 2-oxrome i Wil <100y
Ambassador Bridge/ * 71 7| a0 [ ey 7| 5|3 4| 6|2 5[ 6 (%0 4l 6| 2 5|6 sl 7| = 4l 6| 2 7| 6|a AR HEBE 2|61 7| 2| 7| 2|
exreme ran and HVL:
ETR rail and Gore Creek 7|6 | 42 |G R s HEIEY 4l 6|2 5| 5|25 4| 6| 2 5|52 4| 7| 28 4| 6| 2 7] 6|4 EIE] 7] 3|2 2| 6|12 7] 2|14 7] 2|14
ETR rail and Mckee Creek 7| 6 | 4z [pooerene e one i HEIE 4| 6|2 5| 5 |25 af 6| 20 5|52 sl 7| = 4| 6| 20 7|53 al2|s 7|3 2|61 7)3|a 73|
Rail Tracks 7 | 3 | 21 |Maxss-combination events 7]2|14 4] 6 | 24 5| 5 |25 a7 | 28 5/6[30 4l 7 28 4] 8 2 7|53 43|12 7]3 |2 2|36 7l2]14 72|14
St Michae's Adult Secondary School AEIE 71 2] 1a 4] 5] 20 5[ 5 25 4] 6] 2 5|52 4] 6 | 2 4] 5] 2 7 Inm AR 7] 4] 2] 7] 72| 7|2
Duff - Baby House (museum) 7] 3|21 71214 4] 5] 20 5| 5 |25 4| 5| 20 552 4| s 20 4] 5| 20 7 [wa 4|41 74|28 2| 714 72|14 70214
Canada South Science City - Tourst Attraction 7| 6 | 42 [graer e 7| 5|35 4| 5|2 5| 4|20 NS 5|6 7| = 7| = 75| 4| 3] 7|42 2| 7] 7| 2] 7| 2[
West Windsor Musallah - Mosque 7| 7 | 4 |Maxd2-100yrorbyrrin& 7|64 4] 5] 2 5| 4 |20] al 7| 28 5|63 a4l 7 2 al| 7| 28 7 )42 43|12 7|42 2| 7|14 7)2]14 7]2|14
[ Windsor Essex Community Health - Community HEE 7| 2|1 4l 46 5| 4|20 al 4| e 5| 4|2 4| 4 1 4| 4| 18 7 [y 4|52 7|53 2| 7|1 7|2 7] 2|1
iston, VC, indsor 5 49=100 7 or Syt i
- Tiston, Windsor 7| 7 | a0 [Maxsesio0wor s nt: 7| 7|4 4l 6|2 5| 6 |30 a| 7| 2 5|73 s 7| 2 a| 7| 2 7 |ya 4| 5|2 7|53 2|71 7|2| 7|2
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Mackenzle HallCultural Centre AEE 7] 2] 4] 4] 16 s[ 420 a] 4] 16 5] 420 4] a] 16 a] 4] 18 7 [nn 4] 46 7428 2] 7|14 7]2]m 72|
5t John's Anglican Church - historic site 7 21 7] 2] 4 16 20 4] . 420 4| 18 16 7 [N 416 7 28 2|71 72| 72|
Islamic Academy Windsor 7 ag | Meg-nl s 6 |a2 5|2 5 4|20 a| 7| 28 5|63 4 2 4| 6| 2 7|42 4|32 7| 4|28 7[1a 7 14 2|14
ociety of st Vincent de Paul 7| 6 |ag| (Maxiz=ssioowa 7|6 |42 4] 5|20 5| 4 |20] 4| 7| 2 5] 6|3 4| 7 2 4| 6| 2 74|28 43|12 74|28 2| 7)1 72| 7] 2[1
p 75 (35| "eosaonE 75 5= 5| 4 | o | = ARE NERES 5| » Ta]= nRD Ta]= KD T2 2.
Sandwich Teen Action Group 7| 6| aa| Mepestors 7| 6|42 4] 5|20 5| 4|20 a| 7| 28 5|63 a| 7| 28 4| 6| 2 7|42 4|32 7|42 2| 7|1 7| 2|1 7] 2|1
n 7| 5 35| Maxso=due100yrrain 73 AR 5[ 2 |10 a5 | 2 53|15 a5 | 2 4] 3| 2 ARE AR AERE 27 [ 72| 72|
Chateau Park LTC Centre 7| 5 | 35 | 35=100 yoar i win, waves EE AEE] 5| 5 |2 af 6] 2 5|52 4] 5| 2 4| 5] 2 HEIE AEE) HEE HEE HEIE HEE
Great Lakes Institute for Environmental Studies 7| 5 | 35| 57100 earrain basement 7| 3|2 4| 5|2 5| 5 |2s] a4l 6| 24 5|31 a4l 6 2 al 3| 12 7|53 al3|n2 7|42 2| 7|4 7|21 7| 2|4
422<100 yoar HIL erosion:
HMCS Hunter Navy Faciity 7| 4| 28 | WP shoreine poserty. hign 7| 2|1 4| 7|2 5| 6|30 af 6| 2 5|63 sl 7| = s 7| = 7|53 a|3fn 7|5 27| 7|3 73|
o bt
Vickee Pak. sandwich and ChewettStrets 73 2 [ s || 7] 2|1 NRE 5[5 |7 5] » BRE 5] » 5] » 75| AR B KR HBE HBE
Brock Park 7 aom 72 Al a6 5[5 (15 7 I T 5 a2 7 2 5 o0 7 a2 i 2[8 732 2612 73 o1 7 3o
Park Assets il Park 7 a{on 712 [ 4T 2[5 5[ 2 [0 7 I 52110 a2 s 7 I Y 7214 2] 2[8 7 a8 2612 72|14 721
Queen's park 7 a8 7214 428 5[ 2 [10 7 P ) 5210 7 ) 8 7 I Y 72 228 AR 261 72 72
Chateau Park - Ambassador Bridge area 7| 3| 21 et submerged " 7| 1|7 4| 6| 24 5| 5 |25 4| 5| 2 5| 5|25 4| 6 24 4| 6 24 7] 5|3 al2|8 72|14 2| 5|10 73|21 7| 3|2
7| 5| 35 |3 party infrastrctur, frver 7|32 al 4. s 3|15 4| 6| 20 HRAEY sl 5| 2 4| 4| 18 7] 3|2 45|20 7] 3|2 2] 6|12 7] 2| 72|
1C Keith Transformer station sty
Vi 5= sersilve o wind, o
By HE B 7[ 2|1 4l 2|8 s| 1|5 4 3| 2 5[2[10 4| 2 8 4| 2| 8 HEE B 7|53 2|71 7| 2| 72|
Wi 42 due 100y rain & WL
Sub-grade vaults 7| 7| 49 | gnes i, oo gni 7( 2|1 4| 5|20 s 2 {10 af 7| 2 5[6|3 sl 7| 2 af 3| 12 HEIE] a|s|2 HEIES 2|50 7)2| 72|
Energy and Viax 35=000 wid, 6 abv gnd;
Communications |1, ¢rade transformers 7| 4| 28 |Aao 100y rain & HWL below 7| 2|1 4| 3|12 5| 2 |10 al 4| 1 53|15 4| a 16 al 2 8 7)2]14 a|5|20 7|53 2| 7|4 7)2]14 72|14
Infrastructure o
Viax 352300 wind. co abv g,
Telecommunication 7| 4| 28 Ao toommng i oo 7] 2| 4l 3|2 s 2|10 af 4l 16 5| 3|15 af 4| 16 4l 2| 8 7)2| 4| 5|2 7|53 27| 7] 2| 7] 2|14
o
49=Gombined events 100 yoar
. . rai, 5 year rain;subgrace
Atura Power Brighton Beach Gen Station 7| 7| 40 fn ey swone HEE 4| 7|2 s 7 |35 s 7| 28 5|73 4| 7| 28 4| 7| 28 7|7 4| 6|2 7] 5|38 2] 6|12 7] 2| 72|
Residenial Buildings | Buildings - See Part 4
Commercial Buildings | Builing - See Part 4
Van D Fogan
Group (VG; trucking); Cole-Carrirs In.; Stantec 7] 3| 7017 4 3|2 5| |10 af 4l 16 10 af 4| 16 4 8 7 7 4 16 7 2 2] 6|12 7 7 7 7
Trailers 2 5] 2 1 4 4 1 1
Industrlal Assets | windson 7| 7] ™ 7] 3o 4] 5] 2 s 4 |20 sl 7] 2 HAE s 7| = 4 20 7] 53 4| 5r2 HIBE HEE 7| 7] ol
Windsor Salt - end of Prospect Ave 7| 7 | 49 |4o-Master erosion 100 year 7|32 4| 5|2 5| 5| 25| al 7| 28 sl 6la0 a4l 7 28 4| 5| 20 7|64 4| 3|2 7|42 2| 7|14 7|2]1 7| 2|4
Newmak Windsor Aluminum Plant 7] 4] 7] 2] 4] 2]s 5| 210 AR 5], 4 16 4 8 7] o 4| 4]t 7] o2 2| 7] 7] o 7] o
Part 3
Zone 3 - W of Oilbway Pkwy.. N of Morten Dr. to Broadwav.
49-Combined event 100 year
Sprucewood Ave - Combined Sewer 7| 7 | 49 |and5 yearraim ~1m fiooding a1 7|6l 4l 5|20 5 4|20 a| 7| 28 5|6 4| 7| 28 4| 6| 2 L A 7] 3|2 2] 6|12 7] 2| 72|
rain ovents; Sig HOLisucharge
45= Extreme 5 & 100 year ran.
Sprucewood Ave - Open ditches 7| 7| 49 |worsnop paricipares inicated 7|6l 4l a6 5| 3 a| 7| 28 5|6 4| 7| 28 4| 6| 2 7] 4|2 43| 7] 3|2 2] 6|12 7] 3|2 7] 8|2
croblem area
Maintenance Covers 12 7] NiA ‘cation soacific a6 7 10 21 5 21
. 3 NiA ocation sneifc 5[ 20 | nower ovianes 35 | nower crinass dehris 0 7 7
(Oven drainage channels [T a2 8 | [5 7] NiA cation soacific 5 20 35 14 T 3
35 NiA acation snecific > a 1 0 2
Outfalls 28 NiA cation snecific 28 7 & 2
Maintenance holes 35 NIA ation soecific FRET 1 12 2
Basins. 35 NiA cation snecific 5 20 35 1 2
Orains 35 NIA ation soeciflc ruET 8 10 2
Culverts 35 A ation soecific 520 5 12 1 3
Shoreline Stormwater/
Flood Protection | cs0s 7| 5|3 7|42 4| 6| 2 5| 5|25 s 7| = 5|52 4| 7| 2 4| 6| 2 7 [ | Location specific afafe 7|42 2|s|10 HAEIE 73|
infractructure
9=Combined pob everi 100
Major Roadway - Ojibway Parkway 7| 7| 48 | yearrain.5 yearain LOS for 7| 5|3 4l 2|8 s 2|10 4 a1 s[2|10 4| 4| 6 4 2| 8 7] 2| 4| 4|6 7] 4|28 27| 7] 2| 72|
% e
Major Roadway - Sprucewood Avenue - open 495100 year & 5 year rain;
foeler & 7| 7| 9| e e 7| 6|4 4l 2|8 5| 2 |10 af 7| 2 HEE a| 7| = 4| 6| 2 72| 4|4l HEIE 2|61 7)2| 72|
49=100 yar rain, 5 year ain.
Transportation Gormined prob evert: 0.75-1m
Detroit-Windsor Truck Ferry 7|7 | e |Somereere e 7|6l 4l 3|2 s 2 |10 4| 7| 28 5|6 4| 7| 28 4| 6| 2 7] 5|38 45|20 7] 5|38 2| 6|12 7] 2| 72|
impo
49-100 yoor & 5 yoar
rainCombined everds: mdt
Rail Tracks LA RA Y st 7| 5|3 4l 2|8 s 2 {10 af 6| 2 5| 5|2 4| 6| 20 4| 5| 2 7] 2| 4| 4|6 7] 3|2 2| 6|12 7] 2| 72|
(35=100 yoar ran & contoned.
Park Assets Black Oak Heritage Park 7| 5| 35 |Exveme vind s HEE 4l 2|8 s 2 {10 4| 6| 20 5|31 al 7| = 4| 4| 18 7] 3|2 4|46 HEIES 2|50 7| 2| 72|
00 vear rain
Wiax 30- srsitve o
7| 3| 21 {abv g Ao 1o0yrraina L 7| 2|1 4l 2|8 5| 1]s af 3| 2 5|21 4 2 8 al 2| 8 AR a|s|2 7|5 27| 7)2|a 72|
o e
Energy and Sub-grade vaults T 7| g |y e 0 e 7| 2|14 4l 52 s 2 {10 a| 7| 28 5| 6| af 7| 28 4| 3| 12 7| 4|28 45|20 7| 4|28 2| 5|10 7| 2| 7] 2|
Viax 30=Gus wind, ce abv gnd
Infrastructure Sub-grade transformers 7| 4 | 28 [Ako 100y rain & HWL below 7| 2|14 4| 3|12 5 2 |10 4| 4 16 5[3|15 4| 4 16 4| 2 8 7| 2|14 4| 416 7|53 2| 7|14 7| 2|14 72|14
ot
Max 30=u6 wind, ce abv g
Telecommunication 7| 4 | 28 | Ao 100yrein HL below 7| 2|1 4 3|12 s 2|10 af 4| 1 s3] 4l a| 1 al 2| 8 72| af4afte 7|5 27| 7)2|a 72|
ot
Shoreline Properties - Mortrem Lud; AOM M HEE 4 3|12 5| 2 |10 4l 6| 2 5|42 4| 6| 2 4| 5| HEIES 4|4l HEIES 2|61 7)2| 72|
 Windsor Salt Mine - ditch entrance T T A e e 7|53 4] 82 5| 6 |30] 4| 7] 28 5|73 4|7 28 al 7| = [ARAE] 4|28 AEIR 2] 6|12 AEIR 72 [
Industral Asets 49-54 00 o otromo o
Windsor Salt Mine LN IR RS htieiibodui 7|53 4| 6|24 5| 6 |30 20 7| 14 46|24 4|7 28 4| 7 28 7|7 |49 al2|s 7] 4|28 26|12 7] 2|4 7]2|14
Shoreline Protection - retaining walls, rip-rap 7|32 7017 4l 5|2 5| 4|20 4| 5| 2 5|42 4l 6| 2 4| 5| 2 7] 4|2 4a|2|8 7] 3|2 2| 5|10 73|z 7] 8|2
Part4
System-Wide Risks and Critical Third Party Services
Zone 1 Residential Areas serviced by combined 7177 | a9 [42=Master for combinet ot 7] 6| AR 5| 420 NS 5|63 s 7] » ] 6] 2 a2 AN a2 2 7] 1a 212l 2]
sewers 58 100 year i (77)
42=Cambned prob; 58 100
Zone 1 Commercial Areas serviced by combined 7| 7| e e e 76|42 4l 4| 16 5| 4|20 al 7| 8 5|63 al 7 2 al 6| 24 HEIE al 46 HEIE 2| 7|1 7)2]a 72|14
sewers ooding exreme rain
Zone 1 Industrial Buildings serviced by 422100 & 5 year an: Mainy
combined sewers 7| 6 | 42 | sutace & basement fioocing 7| 6|42 4l a6 5| 3|15 sl 7| 28 5| 6|3 af 7| = 4| 6| 2 7] 4|28 a4l 4|. 7] 4|28 2| 7|14 7] 2|1 7] 2|14
Tigh ver evels above 174 6m.
blocked outals and back
Zone 2 Combined Sewer Outfalls 7 | 5 | 35 |fecding nto combined system: HEIES AR 5| 6|30 4|l 7| 2 5| 6|3 af 7| 28 4| 6| 2 7] 5|3 4l 2|8 7] 3|2 2| 5|10 7|32 7] 3|2
Lost sawer capacity for extrame
49 Hoavy ratals; Suface
Zone 2 Residential Areas serviced by combined 7| 7| 49 |fooding >1m; Potersal 7|7 4l ale s 315 4|l 7| 28 5| 4|2 4| 7| 28 4| 7| 28 7] 3|2 45|20 7] 5|3 2] 6|12 7] 2|14 7] 2|14
R sewers basement fooding
stom-Wide Assets - N
Zone 2 Commercial Areasserviced by combined 77 oy il Suface 7| 6|4 4l 2|8 5| 2 |10 a|l 7| 28 5| 6|30 a7 28 a| 6| 24 7] 3|2 al2]8 7] 3|2t 2| 6|12 72|14 7] 2|1
Govery, Any assets belowgrade|
Loss of Electical Power Delivery - Pumps 7| 4| 28 | e e 7| 2|14 al 2|8 s 2 {10 4| 5| 2 5] 3|1 4| 6| 2 4| 3| 12 7] 3|2 46| 7] 5|3 2| 7|14 7] 2|4 7] 2|14
sty
oss of Comumunications - equipment 7| 4| 28| demese o 7| 3|2 al 2|8 s 2 {10 4| 5| 2 5] 3|1 4| 6| 2 4| 3| 12 7] 3|2 45|20 7] 5|3 2| 7|14 7] 2|4 7] 2|14
s assets; Loss of pump moniorng|
Vind >102 koh
Surface drainage and surface transportation usts o other camaging evert
7|5 7| 3|2 2|8 5| 2|10 5| 20 3|15 5| 2 3| 12 3|2 6|2 5|35 7|14 1|7 1|7
(emergency response) ® ttecing emargory rospore: 4 4 s 4 4 v 4 v 2 v 7
35= 100 yoar rafal overt
Pad mounted electricl 7| 7 | ao|Brmyemsteone || | |, o 1] s s s il 7| » 5| 2] s 7| = sl 2] e 7| 2| alale 7| 2| 2| 7| 7| 2| 72|
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Zones 1, 2 and 3 for the West Windsor Study Region




ZONE 1: Priority Assets at Risk and Proposed Short-Term and Long-Term Solutions.
Climate risks are identified as due to surface flooding, high Detroit River Levels, basement flooding (combined sewers) and/or erosion.

Short-term solutions (to 5 years) and longer-term solutions are proposed for each high risk issue linked to flooding.



ZONE 2: Priority Assets at Risk and Proposed Short-Term and Long-Term Solutions.
Climate risks are identified as due to surface flooding, high Detroit River Levels, basement flooding (combined sewers) and/or erosion.

Short-term solutions (to 5 years) and longer-term solutions are proposed for each high risk issue linked to flooding.



ZONE 3: Priority Assets at Risk and Proposed Short-Term and Long-Term Solutions.
Climate risks are identified as due to surface flooding, high Detroit River Levels, basement flooding (combined sewers) and/or erosion.

Short-term solutions (to 5 years) and longer-term solutions are proposed for each high risk issue linked to flooding.



West Windsor Study Area:

Summary of Medium and High Risks for Sites and Infrastructure Components

Risk Level (and corresponding scores)

Low (<21)

Medium (21-30)

High (31-42)

Extremely High or Potentially Life Threatening (>42)

Infrastructure
Component

Climate Hazard

Potential Impact

Current

2050s

2080s

Lou Romano Water
Reclamation Plant —
Inflow from Western
Trunk line
specifically

Combined
probability events
<< 100 year river

level

Zone 1

Excess inflow results in need to
throttle gates; complete closure of
gates rapidly results in extensive 3rd
party (res./commercial) basement
flooding (Ed Valdez); main sources of
excessive flow, with LaSalle and
Riverside considered 2nd and 3rd
(Phong Nguy, City of Windsor); "our
issue is... Western Trunk" (Roberta
Harrison, City of Windsor)

Lou Romano Water
Reclamation Plant

High River Levels -
<< 100 year river
level

Blockage of main outfall, backflow
into plant (incl. fish) resulting in
treatment of river water; loss of
outflow capacity for high flow events

Russell Street - open
channel drainage

Extreme rainfall

Ditches filled completely during heavy
rainfall

Sandwich Street

Combined
probability event;
Extreme rainfall-
“100 year” storm

high HGL, moderate (0.3-0.5 m)
surface ponding

Ambassador Bridge - Combined surface flooding and excess HGL -

Entrance/onramp probability event; note this is just outside of Zone 1 but
Extreme rainfall- is included due to criticality of asset
“100 year” storm

Felix Ave. - Combined Excessive HGL - fails 5-year design

combined sewer

probability event

storm criteria




Miills St. — Combined
sewer

Extreme Rainfall —
“100 year” event

Excessive HGLs (above surface for 100
year event), failure of LOS
requirements

24

Riverside Dr. —

Extreme Rainfall —

Excessive HGLs (above surface for 100

21

Combined sewer “100 year” event | year event), failure of LOS
requirements
Canada South Extreme Rainfall — | potential basement flooding (High

Science City

“100 year” and “5
year” events

HGL)

West Windsor
Mosque

Combined
probability event;
Extreme Rainfall
“100 year” event;
Heavy rainfall “5

year” event

potential basement flooding (High
HGL)

Islamic Academy/St
Vincent de Paul
Society/Sandwich
Teen Action Group

Combined
probability event;
Extreme Rainfall
“100 year” event;
Heavy rainfall “5

year” event

All 3 adjacent buildings - potential
basement flooding (High HGL)

Major F.A. Tilston,
VC, Armoury and
Windsor Police
Training Centre

Extreme Rainfall —

“100 year” event;

Heavy rainfall “5
year” event

Significant potential for basement
flooding (high HGLs), moderate
surface flooding 0.5-1.0 meter;
Flooding slightly less severe but
facility considered critical to
emergency response.

General Brock Public
School

Extreme Rainfall —

“100 year” event;

Heavy rainfall “5
year” event

Potential basement flooding (High
HGL)

Sandwich First
Baptist Church

Extreme Rainfall —
“100 year” event;

Potential basement flooding (High
HGL)

Rail Tracks

Prospect Ave. -
Pump station (incl.
power connections)
and outfall

Combined
probability event

High river levels -
<<100 year HWL

Excess inflow results in need to
throttle gates; complete closure of
gates rapidly results in extensive 3rd
party (res./commercial) basement
flooding; main sources of excessive
flow

Blockage of outfall preventing
drainage; outfall is higher than ditch,
replaced diesel pump to low voltage
feed from street light (Phong Nguy,
City of Windsor)




Prospect Ave. - Road
and open drainage

Extreme rainfall -
"100 year" storm,
poss. lower

Road and ditch flooding; outfall is
higher than ditch (Phong Nguy, City of
Windsor); Prospect "floods right over"
(Ed Valdez, City of Windsor)

Windsor Salt (end of
Prospect Ave.)

Erosion; Extreme
rainfall “100 Year”
event; Combined
probability event

Modeling indicates dangerous
ponding (>1 m) with 100 year and
combined prob events; also potential
for slump events resulting in salt
entering Detroit River (one event
1954)

Ojibway Parkway — Extreme rainfall - Significant HGLs
Combined sewer "100 year" storm

Riverside Drive- Extreme rainfall - Significant HGLs
Combined sewer "100 year" storm

Sandwich Street - Extreme rainfall - Moderate surface flooding (0.5 to 1.0
Combined sewer "100 year" storm; meter) and significant HGLs

Heavy rainfall “5
year” event

Mill St. - Outfall and
catchment basin

High river levels - <
100 year HWL;
combined river

level and
freeboard/wave
action

blockage of outfall from high river
levels preventing drainage, secondary
street flooding

Huron-Church
(Ambassador Bridge)
- catch basin, outfall
and overflow weir

High river levels -
<100 year HWL;
extreme rainfall
“100 year” event;

submersion during high river levels
with 2nd ary road flooding and road
base erosion; some sfc flooding
reported with heavy rainfall; weir wall
either has or is planned to increase in

wall Heavy :alnfall > height (Roberta Harrison, City of
Year” event Windsor); report to council with
details is available (Karina Richters,
Sustainability and CC, City of Windsor)
McKee Rd. - High river levels - | Backflow during high water levels,

Pumping station

<100 year HWL;
extreme rainfall

also street flooding/surface ponding

McKee Creek - catch
basin

High river levels -
<100 year HWL,
extreme rainfall

Submerged at < 100 year high water
level; surcharged during extreme
rainfall events

Brighton Beach
Generation Station

Combined
probability events;
Extreme rainfall
“100 Year” event;
Heavy rainfall “5-
year” event

Potential for sub-grade infrastructure
flooding (extreme HGL), also minor to
moderate (up to 0.3 m) flooding

Keith Transmission
Station - Hydro One

Potential sub-grade
flooding (high

Critical 3rd Party infrastructure -
significant amt of sub-grade




HGLs, adjacent
significant ponding)

infrastructure, surface flooding
adjacent properties — Recommend
further study

Chateau Park LTC

Extreme rainfall
“100 year” event

High HGLs - potential basement
flooding

Great Lakes Institute
for Environmental
Studies

Extreme rainfall
“100 year” event

High HGLs - potential basement
flooding

Chateau Park
(Ambassador Bridge

<100 year HWL

Retaining wall submerged

area)

McKee Park - <100 year HWL Shoreline flooding resulting in erosion
Sandwich and damage and boat launch closure
Chewett Streets

Gore Creek and ETR
Rail

surface flooding -
extreme rainfall
and high water

"Gore Creek flooding across Sandwich
Street, ETR rail line and siding
resulting in traffic diversion and rail
line closure" Peter Barry, WPA

levels
McKee Creek and surface flooding - | Road flooding, already flagged by city
ETR Rail extreme rainfall (Roberta Harrison, City of Windsor;
and high water Peter Barry, WPA)
levels
Windsor Biosolids combined Significant surface flooding (> 1 m)

Processing Plant

probability event,
extreme rainfall

form model, reports of surface
flooding during real events (Ed
Valdez)

Brock Street - Outfall

Erosion

"Brock Street outfall, significant
shoreline erosion, infrastructure in
decaying condition. In early planning
stages of restoration and
renaturalization of land within 5 years
- PB Port Authority"; No significant
impacts (as at lower elevation ones)
but "should be looked at (Roberta
Harrison)

Goose Bay Park -
Riverside Drive

High river levels -
<100 year HWL

Boat ramp and walking path
underwater for several months

HMCS Hunter High river levels - High occupancy building (3 Party) -
<100 year HWL; Impacts to shoreline, WPA shoreline
Erosion property
Zone 3
Ojibway Parkway Combined Extremely high HGLs for all rainfall

probability events;
Extreme rainfall
“100 year” event;

events, failure of LOS requirements
for 63% of road




Heavy rainfall “5-

Year” event
Windsor Salt Mine - High river levels - < | Loss of drainage capacity
Ditch entrance 100 year HWL;
Combined

probability events;
Extreme rainfall

“100 year” event;
Heavy rainfall “5-

Year” event
Windsor Salt Mine Extreme rainfall Moderate to significant surface
“100 year” event; flooding (~0.75 to >1 m); extreme
Heavy rainfall “5- | HOLs
Year” event
Combined
probability events;
Detroit-Windsor Extreme rainfall Moderate to significant surface
Truck Ferry “100 year” event; flooding (~0.75 to 1 m); extreme

Heavy rainfall “5- HGLs; international trade importance,

high impact when affected (as with

Year” event )
Combined Ambassador Bridge)
probability event
Sprucewood Ave. - Combined Moderate to significant surface
Combined sewer probability event; | flooding (~1 m) for all rainfall events;

Extreme rainfall Significant HGL/surcharge during

“100 year” event; combined probability event

Heavy rainfall “5-

Year” event
Sprucewood Ave. — Extreme rainfall Workshop attendees indicated
open ditches “100 year” event; problem area, adjacent to wetland,
Heavy rainfall “5- coincides with modeling data for
Year” event avenue
Black Oak Heritage Extreme rainfall Surface flooding >0.3 meters for 100
Park “100 year” event; | vear rainfall event
Combined
probability events
w/ 100-year rainfall
Rail Tracks Extreme rainfall High HGLs, moderate surface flooding
“100 Year” Event; for 100 year event

Heavy Rainfall “5
Year” event;
Combined

probability events




General/System-Wide Risks and Critical 3" Party Services

Infrastructure
Component

Climate Hazard

Potential Impact

Current

2050s

2080s

Loss of electrical
power delivery -

Any events
resulting in damage

Loss of power to critical pumps can
result in rapid increase in sewer back-
up risk.

pumps to electrical power

delivery (e.g., wind

storms); An Keith TS, Altura Power Station, Gordi
bel d’ ¥ Howe Bridge sub-grade vault all
€ ov§/-.gra e assets potentially sensitive to flooding.
sensitive to water | gagged for further study.
intrusion

Loss of Any events Disruption of monitoring to pumps

communications —
equipment
monitoring

resulting in damage
to telephone lines
(e.g., wind storms);
Any below-grade
assets sensitive to
water intrusion

and other equipment. Will be
converted to internet-based
monitoring. When monitoring
disrupted, requires deployment of
staff to equipment site.

Surface drainage
and surface
transportation

Any wind (i.e., 120
km/hr gusts;
tornado) or other
damaging event
(e.g., ice storm,
heavy snowfall) to
adjacent trees,
foliage and
industrial site
storage yards

Downing of trees and utility poles
during wind events can block surface
access routes to infrastructure,
affecting emergency event response
and access to equipment and assets.

Debris generation during high winds
can result in blockage of surface
drainage, including open channels,
culverts and catch basins.

Zone 1 — Residential
Areas serviced by
combined sewers

Combined
probability event;
“100 year” event;
Heavy rainfall “5

year” event

Basement flooding risk - high HGL;
Surface flooding from extreme rainfall

Zone 1 - Commercial
Areas - Combined
sewer

Combined
probability event;
“100 year” event;
Heavy rainfall “5

year” event

Likely basement flooding (high HGL);
Surface flooding from extreme rainfall

Zone 1 — Industrial
Buildings -
Combined sewer

“100 year” event;
Heavy rainfall “5
year” event

Surface flooding from extreme rainfall

Zone 2 - Combined
Sewer Outfalls

Combined
probability events;
High river levels

Lake levels above 174.6 m will result
in blocked outfalls and back feeding
of Detroit River water into combined




system; Also significant reduction in
combined sewer capacity during
extreme rainfall events

Zone 2 - Residential
Areas - Combined
sewer

Heavy rainfall

Significant surface flooding (> 1 m);
Potential basement flooding extreme
HLGs (i.e., above surface)

Zone 2 - Commercial
Areas - Combined
sewer

Heavy rainfall

Significant surface flooding (> 1 m)

Pad-mounted
Electrical
distribution
equipment

Extreme rainfall
“100 year” event;
Combined
probability event

Extremely sensitive to surface
flooding < 1.0 m in depth, can result in
electrification of flood waters posing
fatal hazard to public; Flagged for
further study
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

Effective March 30, 2020, the PIEVC Program is operated jointly by the Institute for
Catastrophic Loss Reduction (ICLR), the Climate Risk Institute (CRI), and Deutsche Gesellschaft
fir Internationale Zusammenarbeit (GIZ).

The PIEVC Protocol and all associated materials (and all rights therein) are owned by the
Institute for Catastrophic Loss Reduction (ICLR).

For further information about this Engineering Protocol or the PIEVC Program please contact
ICLR.

Dan Sandink, ICLR

210-20 Richmond St. E.
Toronto, Ontario, Canada
M5C 2R9

dsandink@iclr.org

(416) 364-8677 Ext. 3212
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

Instructions

This worksheet is designed to allow practitioners to document that they have actively considered
and evaluated each step of the Protocol. The worksheet also provides a document were
practitioner considerations regarding each task of the Protocol are recorded.

Complete Every Field

To ensure complete coverage of the Protocol steps, when completed, the practitioner
should have entered a response in every field of this worksheet.

Document Tasks That Do Not Apply

Where a particular task is not relevant to the current assessment:

=  Enter N/A in the relevant field of this worksheet and
=  Provide rational for the decision in the comments field of the task.

Document Tasks That Are Omitted

Where a practitioner has chosen to omit a particular step of the Protocol:

=  Enter OMITTED in the relevant field; and
=  Provide rational for the decision in the comments field of the task.

Companion Excel Workbook Supports This Step of the Protocol

Practitioners may use the accompanying Excel Worksheet 4 to formally document the results of
their analysis.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

Protocol for Changing Climate Infrastructure Vulnerability
Assessment

Practitioners are strongly cautioned to avoid the following common pitfalls in executing a
vulnerability assessment based on the Protocol.

i.  Skipping Protocol tasks.

Although it is acceptable to select to not execute a particular task, the practitioner
should nonetheless evaluate the question posed by that task and document the basis
for the decision.

ii.  Using previous case study reports as a template for the analysis.
Although previous studies provide an excellent reference, the application of the
Protocol is highly specific to infrastructure. Applying previous case studies as a
template can often lead the practitioner to miss key factors that contribute to the
overall risk profile of the infrastructure.

iii.  Using the worksheets without reference to the Protocol.

Although the worksheets parallel the Protocol, they do not provide supplementary
context that may be necessary to correctly address the specified Protocol task.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

4 Step 4 — Engineering Analysis

In this step the practitioner will assess the impact of projected changing climate loads placed on
the infrastructure and its capacity. Vulnerability exists when infrastructure has insufficient
capacity to withstand the projected or anticipated loads that may be placed on it. Resiliency
exists when the infrastructure has sufficient capacity to withstand increasing loads resulting from
changing climate.

Engineering Analysis requires the assessment of the various factors that affect load and capacity
of the infrastructure. Based on this assessment, indicators or factors are determined in order to
relatively rank the potential vulnerability of the infrastructure components to various climate
effects.

Much of the data required for Engineering Analysis may not exist or may be very difficult to
acquire. Engineering Analysis requires the application of multi-disciplinary professional
judgement. Thus, even though numerical analysis is applied, the practitioner is cautioned to
avoid the perception that the analysis is definitively quantitative or based on measured
parameters. The results of the analysis yield a set of parameters that can be ranked relative to
each other, based on the professional judgement of the practitioner. This can be used to rank the
relative vulnerability or resiliency of the infrastructure.

The process flowchart for Step 4 of the Protocol is presented in Figure 7.
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Figure 7: Step 4—- Engineering Analysis Process Flowchart
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4.1 Prepare Step 4 Worksheet

Enter Yes or No

a. Use this Worksheet; or

No

b. Prepare practitioner specific documentation.

i. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.

No

Comments and Observations

projects also were explored briefly and scored in the TBL.

A detailed asset and engineering risk assessment was completed for this study, including a
relatively comprehensive Triple Bottom Line (TBL) assessment of costs of potential solutions
and the relative impacts reduced by the proposed solutions including their social and
environmental implications. Potential opportunities for synergistic benefits with other ongoing

4.2 Calculate the Existing Load (Lg)

Calculate the existing load on the infrastructure components that the practitioner selected for

Engineering Analysis.

© Engineers Canada
2015

Check
Complete
a. Determine the existing load on the infrastructure based on:
= Definitions;
= Direct measurements;
= Engineering calculations; or
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= Assumptions based on professional judgement.

The aim of Step 4 was to develop a flood risk profile for the three Zones of the
West Windsor area and to identify short-term (within 5 years) and longer-term
recommended flood protection solutions. Detailed H&H modelling results
were calibrated to identify the potential benefits or reduced flooding risks for
each of the proposed solutions.

b. Substantiate the rationale for the methodology used.

The proposed solutions build on the detailed PIEVC risk assessment Step 3
and earlier studies for flooding risks within the City of Windsor. These past
studies spanning the past decade indicate the highest risk areas and their
resilience options and have been considered in detail by the City. For
example, while the 2020 City of Windsor Sewer and Coastal Flood Master
Plan Report (prepared by Dillon) generally highlighted solutions and
costs/benefits for priority flooding regions across the City, this study examined
these risks and options in greater granularity and with detailed extreme
weather and climate analyses for the West Windsor region, including
shorelines along the Detroit River.

Comments and Observations

N/A

4.3 Calculate Changing Climate Load (Lc)

Calculate the projected changing climate load placed on the infrastructure comp
practitioner selected for engineering analysis.

onents that the

© Engineers Canada
2015

Check
Complete
a. Determine the projected Changing Climate load on the infrastructure based
on:
= Definitions;
= Direct measurements;
= Engineering calculations; or
= Assumptions based on professional judgement.
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b. Substantiate the rationale for the methodology used.

As described in PIEVC worksheet #2, a combination of sources were used to
project future loads for the system. To project future climatic loads, outputs
from an ensemble of all IPCC AR5 models were downscaled to the regional
scale using Delta methods where appropriate, while peer-reviewed climate
change studies based on different climate change models were used for other
variables (e.g. Detroit River water levels, ice and wind storm extremes).
Extreme rainfall variables were projected using the Clausius-Clapeyron and
climate change modelling approaches, as outlined in the 2019 updated CSA
PLUS 4013 Technical guide: Development, interpretation and use of rainfall
intensity-duration-frequency (IDF) information: Guideline for Canadian water
resources practitioners. Population densities and projections are incorporated
into the H&H modelling.

Detailed climate analyses was used to “drive” the hydraulic and surface flow
or hydrology (H&H) modelling of the City of Windsor’s sanitary, storm and
combined sewer system and its overland drainage and storage network. The
modelling has been calibrated against recent extreme storm rainfall events as
detected by a network of 14 City-maintained rain gauges and recent high
water levels (2019), as well as basement and flooding incident reports. The
modelling includes details of the sewer system including interceptor
maintenance holes, overflow sewers, overland stormwater conveyance and
storage systems and incorporates land uses and topographical LiDAR
information. The modelling has been designed to highlight the sewer system
nodes that don’'t meet LOS criteria as well as surface flooding depths and
surface flooding extents (i.e. % of area > 0).

Other climate hazard load thresholds were identified from applicable codes
and standards, design criteria, LOS statements and forensic analyses of past
failures. The Tailored Severity Scale associated with with PIEVC worksheet
#2 provides the background and limits on the various load thresholds.

Comments and Observations

N/A
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4.4 Calculate Other Change Loads (Lo)

Calculate the projected Other Change load placed on the infrastructure components that the
practitioner selected for engineering analysis.

Check
Complete
a. Determine the other projected loads on the infrastructure based on:
= Definitions;
= Direct measurements;
= Engineering calculations; or
= Assumptions based on professional judgement.
b. Substantiate the rationale for the methodology used.
See Section 4.3 (above)
Comments and Observations
N/A
4.5 Calculate Total Load (L7)
Check
Complete

Calculate the total projected load on the infrastructure components that the
practitioner selected for engineering analysis, using the equation:

Lr=Lg+Lc+Lo
Where:

Lt = Total projected load on the infrastructure

Lg = Existing load on the infrastructure

Lc = Projected load on the infrastructure resulting from changing
climate

Lo = Projected load on the infrastructure resulting from other changes
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See earlier section 4.3 (above). Loads are provided for current conditions and
projected for the 2050s and 2080s using RCP8.5 or high greenhouse gas
emission assumptions.

Comments and Observations

N/A

4.6 Calculate the Existing Capacity (Ck)

Calculate the existing capacity of the infrastructure components that the practitioner selected for

engineering analysis.

Check
Complete

a. Determine the existing capacity of the infrastructure based on:

= Definitions;

= Direct measurements;

= Engineering calculations; or

= Assumptions based on professional judgement.

b. Substantiate the rationale for the methodology used.

Detailed calibrated overland flow and sewer system modelling were used to
evaluate capacities for different locations and assets. The calibration of the
modelling was based on past extreme events where extreme rainfall and high
river levels brought more water to the City sewers, overland conveyance and
storage systems, roadways and open drains than there was capacity to
manage. Overall, many of the West Windsor assets and locations are
sensitive to small future increases in rainfall events and high water levels.

Comments and Observations

N/A
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4.7 Calculate the Projected Change in Existing Capacity (Cak)

Calculate the projected change (loss) in capacity arising from aging and normal wear and tear of

the infrastructure components that the practitioner selected for engineering analysis.

Check
Complete

a. Determine the projected change, if any, to the capacity of the infrastructure
over the time horizon of the evaluation; based on:

= Definitions;

= Direct measurements;

= Engineering calculations; or

= Assumptions based on professional judgement.

b. Substantiate the rationale for the methodology used.

Various assets are beyond their expected service lifespans and are planned
for replacement in the near future or are in the process of being replaced or
upgraded. Many of these near-term changes have not been incorporated into
the modelling, meaning that the overall system should have greater resilience
when completed than indicated in this study i.e. results should reflect worst
case risks. For example, drainage improvements from the construction of the
Gordie Howe International Bridge and related upgrading of Sandwich Street
may add improved resilience for a portion of Zones 1 and 2. Any
improvements to separate combined sewer systems or add storage retention
capacity for the Lou Romano RTB will increase capacity and resilience
beyond the snapshot provided in this study.

Comments and Observations

N/A

4.8 Calculate Additional Capacity (Ca)

Calculate other projected additional capacity of the infrastructure components that the

practitioner selected for engineering analysis.
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Check
Complete

a. Determine the projected additional capacity of the infrastructure over the
time horizon of the evaluation; based on:

= Definitions;

= Direct measurements;

= Engineering calculations; or

= Assumptions based on professional judgement.

b. Substantiate the rationale for the methodology used.

As discussed in earlier sections, the capacity and resilience added to
vulnerable assets as a result of the proposed short-term and longer-term
solutions were evaluated using the H&H modelling results and other
considerations. The increased future loading to the sewer and drainage
systems under climate change was incorporated directly into the modelling
results and evaluated through systems engineering considerations.

Comments and Observations

N/A

4.9 Calculate the Projected Total Capacity (Cr)

Check
Complete

Calculate projected total capacity of the infrastructure components that the
practitioner selected for engineering analysis, using the equation:

Cr=Cg-Cap+Ca
Where:
Cr = Total projected capacity of the infrastructure

Ck = Existing capacity of the infrastructure
Cae = Projected change in capacity of the infrastructure resulting from
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aging and normal
wear and tear
Ca = Projected additional capacity of the infrastructure

Completed, as discussed in the main report and in the Triple Bottom Line
assessments for each resilience measure (by specific asset and location).
Modelling of the sewer and overland flow and storage systems reflected the
variable and potentially exceeded capacities for different assets under critical
climate hazards, whether extreme rainfall, extreme high water levels or their
various combination events.

Comments and Observations

N/A

4.10 Calculate Vulnerability Ratio

Check
Complete

Evaluate the vulnerability of the infrastructure components that the practitioner
selected for engineering analysis, using the ratio:

A
C:
Where:

Vr = Vulnerability Ratio
Lt = Projected total load on the infrastructure
Cr = Projected total capacity of the infrastructure

Page 14 of 19

© Engineers Canada
2015




PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

When Vg > 1, the infrastructure component is vulnerable

When Vr <1, the infrastructure component has adaptive capacity

Completed, as discussed in the main report and in the Triple Bottom Line
assessments for each resilience measure by asset and location.

Comments and Observations

N/A

4.11 Calculate Capacity Deficit

Check
Complete

Where vulnerability has been identified for the infrastructure components that
the practitioner selected for engineering analysis, calculate the projected
capacity deficit using the following equation:

CD = LT - CT
= L1 — (Cg + Cat + Ca)
Where:

Cb = Projected capacity deficit of the infrastructure component
Lt = Projected total load on the infrastructure component
Ck = Existing capacity of the infrastructure component
Cae = Projected change in capacity of the infrastructure component
resulting from
aging and normal wear and tear
Ca = Projected additional capacity of the infrastructure component

Comments and Observations
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Handled for capacity through calibrated system H&H modelling. Note that
many parts of the West Windsor sewer and drainage system have minimal

capacity for increased rainfall and high water level events.

4.12 Assess Data Sufficiency

Add rows as necessary.

a. Document where there is insufficient information currently available to proceed with
an element of the assessment.

Insufficient
Information

1. Where there is
insufficient
information currently
available, identify a
process to develop or
infill that data.

ii. Where data cannot be
developed, identify the
data gap as a finding in
Step 5 of the Protocol
— Recommendations.

Reasonably complete
datasets, with relatively
good quality modelling
calibrated against recent
high impact extreme
events

It would be advantageous to
include 2020 record high Detroit
River was levels in the H&H
model, although the high impact
extreme water levels of 2019
were included in the calibration
and modelling of system
performance.

Not needed at this point, but for
consideration in a future update
of the modelling.
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2015

Page 16 of 19




PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 4 — Engineering Analysis

4.13 Evaluate Need for Additional Work

Add rows as necessary.

a. Identify matters that require additional study or evaluation outside of the current
vulnerability assessment. These would normally include:

1. Interactions requiring additional data that cannot be acquired within the schedule of
the current risk assessment.

i.  Evaluating climatic events that specifically contribute to heightened infrastructure
risk where the practitioner and/or infrastructure owner determine that a better
understanding of the factors that contribute to the event can help resolve identified
risks.

iii.  Areas where identified patterns of risk could be resolved through the development
or amendment of codes, standards, guidelines, procedures, etc.

iv.  Other issues deemed appropriate by the practitioner.

A long-standing need is for improved modelling of Great Lakes water levels under climate
change conditions. In particular, improvements to the modelling of Great Lakes runoff and
land evaporation processes since 2011 have changed the consensus on future water level
projections from decreasing levels to highly variable levels in future, with levels dependent on
GHG emission assumptions. Further improvements will be added in the near future with the
latest climate change models e.g. IPCC ARG climate change models released in 2021 and
with higher resolution and improved 3-dimensional Great Lakes hydrodynamic (atmosphere-
lake-land) models. Since Great Lakes levels respond to small differences in hydrodynamic
processes i.e. temperature and precipitation, there is potential for the water level projections
used in this study to differ with the next generation of water level projections. Higher water
levels that exceed the 2020 extremes would be problematic for many assets in this West
Windsor region. This study added a climate change “buffer” or safety margin to the 2020
extreme high water levels.

Ice cover conditions on the Great Lakes are dependent on air and water temperatures and
wind conditions and have a significant influence on evaporation rates. Ice cover conditions
can also impact flows and water levels when ice jam conditions occur, but the influence is
short-lived compared to multi-year fluctuating river and lake levels.

The H&H modelling used for this study could improve with additional calibration and better
capture of the details of the sewer and overland flow systems.

All of the above improvements require significant efforts by others but can be expected to
evolve slowly.

Comments and Observations
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N/A
Check
Complete
b. Document the additional work identified above as recommendations in
Step 5.
Included.
Comments and Observations
N/A
4.14 Identify Conclusions and Recommendations
Check
Complete

a. Where the practitioner deems that they have sufficient, reliable, data to
draw conclusions and make recommendations, proceed to Step 5.

o See the Mapped Medium and High Risks and the Summary of Medium
and High Risks documents from PIEVC worksheet#3 indicating the at-risk
assets, their locations and proposed short-term and long-term solutions.

e See the main report for a more complete discussion of risks and
recommended solutions as well as the Triple Bottom Line discussion on
the costing-benefits-environmental considerations of the proposed
solutions

Comments and Observations

N/A
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Date: November 28, 2022
Prepared by: Heather Auld & Simon Eng
Dillon Consulting Limited
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For further information about this Engineering Protocol or the National Engineering
Vulnerability Assessment Project please contact Engineers Canada.

David Lapp, P.Eng.
Practice Lead, Engineering and Public Policy
Engineers Canada

300 — 55 Metcalfe Street
Ottawa, Ontario, K1P 6L5 Canada
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Instructions

This worksheet is designed to allow practitioners to document that they have actively considered
and evaluated each step of the Protocol. The worksheet also provides a document were
practitioner considerations regarding each task of the Protocol are recorded.

Complete Every Field

To ensure complete coverage of the Protocol steps, when completed, the practitioner
should have entered a response in every field of this worksheet.

Document Tasks That Do Not Apply

Where a particular task is not relevant to the current assessment:

=  Enter N/A in the relevant field of this worksheet and
=  Provide rational for the decision in the comments field of the task.

Document Tasks That Are Omitted

Where a practitioner has chosen to omit a particular step of the Protocol:

=  Enter OMITTED in the relevant field; and
=  Provide rational for the decision in the comments field of the task.
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Protocol for Changing Climate Infrastructure Vulnerability
Assessment

Practitioners are strongly cautioned to avoid the following common pitfalls in executing a
vulnerability assessment based on the Protocol.

i.  Skipping Protocol tasks.
Although it is acceptable to select to not execute a particular task, the practitioner
should nonetheless evaluate the question posed by that task and document the basis
for the decision.

ii.  Using previous case study reports as a template for the analysis.
Although previous studies provide an excellent reference, the application of the
Protocol is highly specific to infrastructure. Applying previous case studies as a
template can often lead the practitioner to miss key factors that contribute to the
overall risk profile of the infrastructure.

iii.  Using the worksheets without reference to the Protocol.

Although the worksheets parallel the Protocol, they do not provide supplementary
context that may be necessary to correctly address the specified Protocol task.
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5 Step 5 — Recommendations and Conclusions

The process flowchart for Step 5 of the Protocol is presented in Figure 8.

Figure 8: Step 5 - Recommendations Process Flowchart
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5.1 Prepare Step 5 Worksheet

Enter Yes or No

a. Use this Worksheet; or Yes

b. Prepare practitioner specific documentation. No

1. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.

Documentation on Tasks is also provided in the main report and its Appendices.

Comments and Observations
N/A

5.2 Declare Assumptions Regarding Available Information, Data
Sources, Uncertainties and Relevant Limitations

Add rows as necessary.

a. Comment on the limitations of the vulnerability assessment. These include limitations
associated with:

1. Major assumptions.
il.  Available infrastructure information and sources.
iii.  Available changing climate information and sources.
iv.  Available other change information and sources.
v.  The use of generic or specific examples to represent populations.
vi.  Uncertainty and related concepts.
vil.  Other relevant limitations, if they exist.

Data coverage and modelling: Overall, rainfall and river water level coverage for the
assessment was relatively good (compared to many other PIEVC studies) and the detailed
modelling of the flooding and infrastructure system risks was extremely helpful in assessing
the impacts of climate events and the costs and benefits (TBL) of different resilience
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solutions.

Great Lakes Water Levels: A risk assessment provides a snapshot in time of the overall
system vulnerability and resiliency. It is based on the information available to the team at the
time of the assessment, including future projections of Great Lakes water levels. Many sewer
and drainage assets in West Windsor were found to be highly sensitive to high lake levels
(and some to low lake levels). However, the studies and projections of future extreme high
and low water levels on the Great Lakes and their connecting rivers (Detroit River) remain
uncertain under a changing climate. As noted in PIEVC worksheet #4, the earlier “consensus”
on projections of lake levels had indicated lowering lake levels but these projections changed
after 2011 due to improved hydrodynamic-climate processes in the Great Lakes flow models.
The results after 2011 all indicated greater uncertainty in water levels, with potential for either
increasing or decreasing near extreme levels. These future lake levels were found to be
highly sensitive to the different climate change projections and especially to future global
GHG emission trends.

Fluctuations in multi-year water levels have been record-breaking over the past decade, with
record breaking low levels observed in 2013 transitioning to record breaking high levels in
2020. While multi-year water levels have fluctuated since they were first recorded in 1860, the
variability over the past decade has been unprecedented historically and continuing high
variability is expected into the future.

Multi-year high or low Great Lakes water levels can be very difficult to predict in the near term
and even more difficult to project under climate change influences due to their strong
dependence on relatively small differences in climate, hydrological and hydraulic processes.
These small differences include the net flow of water in and out of the lake system driven by
incoming precipitation over the lakes and runoff from the surrounding watersheds, outgoing
evaporation from the lakes as a result of warmer air and lake waters and reduced ice cover
as well as smaller influences from net flows and diversions between the lakes and
consumptive removals. It is not surprising that future water levels will depend on small
differences between the projections of rate of temperature warming and rates of precipitation
increase, which is turn will depend on future rates of increases in global greenhouse gas
emissions.

With the release of the latest generation of climate change models (IPCC AR6),
improvements to climate change downscaling approaches for the Great Lakes region, as well
as improvements to the modelling of Great Lakes hydrodynamic-climate processes, it is likely
that upcoming lake level projections will differ from those used in this study. The efforts to
generate new lake level projections is highly complex and requires contributions from many
Canadian and U.S. centres of expertise.

Climate Change Projection Uncertainties: The future climate change hazards were derived
from several sources, with each source sometimes using different climate change projection
methods and often, different driving climate change models and uncertainties. For example,
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some of the study’s projected climate variables were derived from an ensemble of the 2013
released IPCC AR5 climate models, which were compared to the 2021 released ARG climate
models whenever possible. For some extreme climate variables that were based on peer-
reviewed studies, the results will be based on the earlier 2007 released AR4 generation of
climate change models.

Generally, the uncertainties in the climate change projections were due to:

1. Natural climate variability (i.e., the natural fluctuations of the current and future climate);

2. Climate Model and Downscaling uncertainty (i.e., different parameterizations and sensitivities in
models; different spatial and temporal resolutions); and,

3. Future greenhouse-gas (GHG) emissions (i.e., accumulated GHG emissions globally and the
uncertainty on the magnitude of future GHG forcing and its impact on climate).

Uncertainties (1) and (2) were addressed through the use of multi-model ensembles or
climate models from various global climate modelling centres. Uncertainty (3) was addressed
through use of a “conservative” or high future emissions GHG scenario driving greater or
faster changes in climate (i.e., RCP8.5).

Modelling of river water level and overland flow and storage processes: As discussed in
worksheet #4, the H&H modelling would improve with additional calibration with capture of
the 2020 extreme high water levels and extreme rainfall events after 2017 and better
depiction of the details of the sewer and overland flow systems. However, these
improvements require significant efforts and investments and may not be immediately justified
given other uncertainties. Nonetheless, improvements can be expected to evolve slowly over
time.

Comments and Observations

N/A

5.3 State Conclusions

Add rows as necessary.

a. Present specific conclusions arising from Steps 1 through 4.

i.  Report on infrastructure components that have been assessed to be vulnerable.
ii.  Summarize infrastructure components that have been assessed to have adaptive
capacity.
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Medium to High Risk Infrastructure Components: Many West Windsor infrastructure
components were found to be at medium to high risk from climate events currently and/or into
the future. Note that Zone 1 or “inland” represents infrastructure in residential, institutional and
industrial areas; Zone 2 represents a shoreline industrial area; while Zone 3 represents an
industrial and parkland area. Flooding from either extreme rainfalls or high water levels or their
combinations represent the primary hazards resulting in medium to high risk vulnerabilities.

Of the medium to high risks noted currently or into the future, the assessment identified at least
15 City infrastructure vulnerabilities in Zone 1, while some 22 vulnerabilities were noted in Zone
2 and 8 vulnerabilities in Zone 3. Some 10 medium to high risks were assessed for third party
infrastructure types.

The Summary of Medium and High Risks provided with PIEVC worksheet #3 summarizes the
vulnerable infrastructure components and their associated hazards for Zones 1, 2 and 3 in the
West Windsor study region. The Summary indicates the main climate hazards contributing to
the risks, comments on the potential impacts and highlights the resulting risk scores for the
current, 2050s and 2080s periods.

Similarly, the Mapped Medium and High Risks provided with PIEVC worksheet#3 highlights the
main vulnerabilities by mapped locations and infrastructure system components and indicates
the primary hazards contributing to the vulnerabilities with their recommended short-term
(within 5 years) and long-term resilience solutions.

Comments and Observations

See the main project report for further description of potentially vulnerable infrastructure-
climate interactions which were scored as medium or high (i.e., overall risk scores of 36-49).

5.4 State Recommendations

Add rows as necessary.

a. Present specific recommendations arising from Steps 1 through 4. As appropriate,
classify recommendations into the following categories:
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i.  Remedial engineering actions;
ii.  Monitoring activities; or
iii.  Management actions.

Recommended Short and Longer-term Resilience Solutions for Flooding: Generally, the
recommended short and longer-term flooding resilience solutions can be summarized as:

¢ Reduction of excess flows to Lou Romano Reclamation Plant including:
e Backflow prevention at CSOs
i. Weirs to reduce river water inflows during high water levels
ii. Flapgates to reduce inflows
e Lou Romano Retention Treatment Basin (RTB)
e Combined Sewer Separation
(Note: The Lou Romano Water Reclamation Plant services a larger total area of the City of Windsor
with generally older sewers. The City recently has completed construction of the RTB, which will
provide capacity to retain a significant amount of the combined sewer overflows from the sewer
systems. Priority sections of the City currently are under mandatory downspout disconnection
requirements, which will increase capacity in the sewer system.)

¢ Reduction of Potential Surface Flooding through:

e Raising Ground Elevations (Grading Improvements)

e Dewatering Pumping

e Conveyance Improvements. For example, through upgrades to:
¢ Prince Road Trunk Storm Sewer Outfall and Pumping Station
¢ Detroit Street Trunk Storm Sewer and Outfall
e Combined Sewer Separation
¢ Roadside Drainage Improvements

¢ Reduction of Basement Flooding through:
e Basement Flood Protection Measures
¢ Backflow Prevention
e Downspout Disconnection
e Combined Sewer Separation
¢ PDC Separation
e Foundation Drain Disconnection
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e Shoreline Erosion Protection and Response through:

e Monitoring and Local Repair Plans
e Improved understanding and mapping of high risk erosion locations

Monitoring Activities

Monitoring of high impact shoreline erosion localities to evaluation of causes of higher
risks and potential longer term solutions

Monitoring of river ice conditions, including ice jams, for impacts on short duration higher
(or lower) river levels and on shoreline erosion rates

Monitoring of Detroit River levels and any changes to their variability (i.e. rates of
fluctuation from high to low levels for needed response times and options)

Monitoring and awareness of the most recent Great Lakes and climate change water
level projection studies and their implications for updates to the flood resilience actions
Maintain and/or increase ongoing site rainfall monitoring by the City

Ongoing monitoring of medium risk climate-infrastructure interactions to detect trends
towards higher impacts and risks

Monitor effectiveness of resilience actions through tracking and documentation on
measures implemented and note over time whether these measures have proven
effective in reducing or responding to identified risks

Resilience and Management Activities

Ongoing implementation of the City of Windsor Sewer Master Plan for the medium to
high vulnerability West Windsor infrastructure components

Further assessment of the costs, benefits, implementation challenges and
maintenance requirements and costing for the solutions at each vulnerability and
location (e.g. different backflow prevention options)

Ongoing implementation of basement flood protection measures through City’s
downspout disconnect requirements and incentives

Ongoing implementation of combined sewer separation measures - as existing and
any new funding opportunities allow

Ongoing localized grading improvements in areas most vulnerable to flooding
Priority area installation and use of weirs and flap gates to reduce river water inflows for
periods of high river water levels (and their low water level implications)

Installation of rain catchers within existing maintenance holes (MHs) to reduce
stormwater inflow to the sanitary MHs during a storm event. An assessment was
completed to determine where the potential for inflow was highest and where MH

Page 11 of 16

© Engineers Canada
2015




PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 5 — Recommendations and Conclusions

sealing should be prioritized

¢ Investigate the contributions and opportunities from additional resilience actions by
third parties to the overall West Windsor region flood risk sensitivities e.g. Gordie
Howe Bridge drainage improvements, rebuilding of Sandwich Street, etc

e Actively monitor severe weather watches and warnings for significant rainfall and/or
rain plus snowmelt events (levels of monitoring will be dependent on sensitivities to
critical return period rainfall events)

e Actively monitor Canada-U.S. seasonal predictions of lake and river high water level
conditions for needed shorter-term resilience responses, which could include overland
flow reduction measures among others

e Monitor and consider revisions to the long-term Resilience Plans should new future
projections of Great Lakes and Detroit River water levels indicate further increases

Comments and Observations

Note that remedial engineering actions are already planned under the Sewer Master Plan
(plus potential for third parties resilience actions). See the main report for further details.

b. Report on data gaps and availability; requiring additional work or studies.

See earlier Section 5.2 and main report. Note that data coverage and modelling guidance
was good relative to many PIEVC assessments.

It is expected that work to increase resilience to the West Windsor drainage and sewer
challenges by the City will likely continue for the highest priority risks and as infrastructure is
replaced.

Comments and Observations

N/A

c. Identify matters that require further action.

Along with the implementation of the short-term and long-term resilience measures, it is
important for locations and assets with vulnerabilities to high river and lake water levels to
monitor the coordinated Canada and U.S. measurements and seasonal predictions (not
projections) of potential high water levels on the Detroit River system to support very short-
term or emergency responses.

While predictions of seasonal lake and Detroit River water levels are difficult, efforts to project
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 5 — Recommendations and Conclusions

future water levels long into the future under different GHG assumptions is multiple times
more challenging while being subject to high uncertainties. New and improved climate change
models with more realistic assumptions on future global GHG emissions, as well as
improvements to linked 3-dimensional Great Lakes hydrodynamic and climate models could
change the projections of future levels significantly. As a result, it is important that changes to
studies and modelling of Great Lakes water levels under climate change be monitored
carefully since it is likely that the understanding and projections of future lake levels may
change from the summary provided in this assessment.

Funding for the various flooding resilience measures and any enforcement actions will
continue to be challenging, but progress is ongoing and steady. As well, some of the third
party impacts such as those impacting electricity generation and distribution infrastructure will
have implications for the region and for other components of this PIEVC assessment. Other
changes to drainage and sewer systems from ongoing third party projects, such as
completion of the Gordie Howe International Bridge, will also have implications for West
Windsor infrastructure components.

Due to the multiple interactions of the climate and lake/river hazards i.e. the cascading nature
of the hazards and risks, it also is important that the hydraulic and hydrological modelling and
studies of the drainage and sewer system be continuously improved. The updating of the
systems modelling also needs to account for the potential benefits of the added resilience
responses.

Comments and Observations

N/A

5.5 Prepare Statement of Vulnerability / Resiliency

Check
Complete
a. Based on the limitations, conclusions and recommendations
outlined above, prepare a Statement of Vulnerability / Resiliency.
Comments and Observations v
Due to the generally low lying terrain within the City of Windsor, its proximity
to the Great Lakes and connecting rivers and location in one of Canada’s
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 5 — Recommendations and Conclusions

southernmost climate/weather zones, it is not surprising that the West
Windsor area is prone to various types of climate hazards and flooding risks.
Windsor’s relatively higher exposure to flooding hazards of all types results in
overland drainage and sewer capacity challenges in many localities.

Overall, the West Windsor PIEVC assessment identified many medium to
high climate change risks, mainly from high lake/river levels and from extreme
rainfall events. For some of the highest risk sewer and drainage systems,
even a 5 year return level rainfall event was noted to produce notable
impacts. But, for infrastructure components near the shorelines of the Detroit
River, it is the combinations of high lake/river levels combined with a heavy
rainfall event that pose significant challenges and will require significant
resilience actions.

Identify
Vulnerability
or Resiliency
Mark Yes or
No
b. For infrastructure that is deemed to be generally resilient the Yes
statement should include:
1. A declaration that the infrastructure is generally resilient.
ii. A declaration of the global limitations of the assessment.
iii. A declaration of the time horizon of the assessment.
iv. A declaration of climate trends or interactions that may
contribute to the vulnerability of the infrastructure.
c. For infrastructure that is deemed to be generally vulnerable the Yes

statement should include:

1. A declaration that the infrastructure is generally vulnerable.
ii. A declaration of the global limitations of the assessment.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 5 — Recommendations and Conclusions

iii. A declaration of the time horizon of the assessment.
iv. A declaration of climate trends or interactions that significantly
contribute to the vulnerability of the infrastructure

Many infrastructure components of the West Windsor region are moderately
to highly vulnerable to the current and future climate, as discussed in earlier
section.

Comments and Observations

N/A

Check
Complete
d. The practitioner may use a format of their own choosing to prepare v
the Statement but, as a minimum, it must:
1. Make a declaration regarding the degree of vulnerability or
resiliency of the infrastructure.
ii.  Make a declaration of the global limitations of the assessment.
iii.  Make a declaration of the time horizon of the assessment.
iv.  Make a declaration of climate trends or interactions that
contribute, or may contribute, to the vulnerability of the
infrastructure.
Comments and Observations
See earlier sections (especially 5.5a) and main report.
Date: December 1, 2022
Prepared by: Simon Eng and Heather Auld
Dillon Consulting Ltd
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 5 — Recommendations and Conclusions
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Risk Assessment Workshop
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West Windsor Flood Risk Study
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Appendix B — Risk Assessment Workshops

1. Internal Workshop, October 20, 2021

2. Internal Workshop, October 26, 2021

3. External PIEVC Assessment Workshop, January 7, 2022

4, Review of Solutions and Initial Recommendations, May 19, 2022




2022-11-23

Agenda

1. Intro/Agenda

1. Review of Climate Hazards List
2. Interactions Matrix — Y/N Analysis
10:30 AM — 10 min Break

3. Impact Severity Ranking Discussion
1. Review of Methodology/Ranking Method
2. Review of Preliminary Ratings

4. Preliminary Design Solutions Discussion

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20,
2021




Hazard/Element

Extreme rainfall

Threshold

82 mm in 4 hrs, peak rate of 145 mm/h
114 mm in 4 hrs, peak rate 203 mm/hr
3rd extreme rainfall event?

Comments

"Basic" model storm, 15 min intervals
"Climate Change Enhanced" model storm
Recent historical basement flooding events

Riverine and Creek Flooding

Multi-day rainfall
Ice jam events

Case study - June 2017
No historical database of events, flagged for further study

Snow

Rapid snowmelt - SWE value
Snow accumulations - 250 cm

Frozen ground, ice and snow blocked drainage, snowmelt
Winter 2013-2014 case study - mobility impacts, drainage

Extreme River Levels

Extreme HWL - 176.3 m
"Likely" HWL-176.1m
All time low water level

Combined probability event modeling
Combined probability event modeling

Combination Events

HWL + extreme rainfall
Rainfall + hail and wind

HWL + wave action (freeboard)

Combined probability event modeling

Debris blockage of drainage infrastructure

Case Studies (from HIRA): November 13-15, 1972, March 31 &
April 6, 1985, April 4, 1987, June 2015, Spring 2019

Secondary Impact Events

Major ice storm
Extreme wind event - 120 km/h
Tornado - (E)F2+

Extreme Temperatures - heat and cold

Shoreline and creek erosion
River ice
Weathering (freeze thaw)

Multi-day loss of power
debris generation, loss of site access, damage to above-ground
debris generation, loss of site access, severe damage to above-

Brownouts due to excessive loading - poss. not needed if
sufficient power back-up

Impacts to CSOs, any other adjacent infrastructure
Shoreline erosion and infrastructure impacts potential
Concrete and masonry impacts

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021

2022-11-23

Mark Relevant Responses with v/ YN|P|S

Rationale For Severity

A

YIN

Rationale For Severity

YN|P S YN| P | S

A

Rationale For Severity
re

Rationale For Severi

J[Component 1
c «

[Component 3

B

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021
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1) Rating impact severity of given hazard, at a given intensity/threshold, for existing assets.
2) When considering if impacts are important (Y/N Analysis) how to rate impacts:

i) Does the interaction contribute to the risk being assessed (i.e., city drainage and
flood protection infrastructure and results of failure/underperformance)?

ii) Does the interaction result in impacts to response measures/actions?

Severity Method D Method E
Scale

No effect Negligible; Not applicable

_ Measurable Very Low; Some measurable change

Low; Slight loss of serviceability
ER Moderate Moderate loss of serviceability
N Major Major loss of serviceability; Some loss of capacity
B serious Loss of capacity; Some loss of function
[ Hazardous Major; Loss of function
Catastrophic Extreme; Loss of Asset

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021

» See Excel Spreadsheet — Will be executed in table “sections”

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021
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A

Severity Scale |Method E

IR Negligible; Not applicable

Very Low; Some measurable change

Low; Slight loss of serviceability

Moderate loss of serviceability

Major loss of serviceability; Some loss of capacity
Loss of capacity; Some loss of function
IR Major; Loss of function

Extreme; Loss of Asset

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021

A

* Immediately obvious responses Comments:
based on modeling? .

+ Potential responses that require
additional analysis/data/information
to define?

+ Potential responses which require
additional feedback from the client
to determine if appropriate?

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021
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416-356-8447

West Windsor Flood/PIEVC Assessment - Internal Workshop Oct 20, 2021

A
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Agenda

1. Intro/Agenda — 2:00 PM Start

2. Impact Severity Ranking Discussion
1. Intro to methodology
2. Completion of “?”’s for Y/N Analysis
3:00 PM -5 min Break
3. Review of flagged impact ratings

3. Next Steps Discussion — 3:50 PM to End

1. External Workshop Timing
2. Key Staff Interviews and Site Visits

West Windsor Flood/PIEVC Assessment - 2nd Internal Workshop Oct
26,2021
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A

1) Rating impact severity of given hazard, at a given intensity/threshold, for existing assets.
2) When considering if impacts are important (Y/N Analysis) how to rate impacts:

i) Does the interaction contribute to the risk being assessed (i.e., city drainage and
flood protection infrastructure and results of failure/underperformance)?

i) Does the interaction result in impacts to response measures/actions?
Instructions: Please have Slide 4 open on your desktop for rating exercise.

+ Completing Y/N + Rating Simultaneously — Start w/ Question Marks (H33)
» Review of flagged (yellow highlights) severity ratings

West Windsor Flood/PIEVC Assessment - 2nd Internal Workshop Oct 26, 2021

A

Severity Scale |Method E

IR Negligible; Not applicable

Very Low; Some measurable change

Low; Slight loss of serviceability

Moderate loss of serviceability

Major loss of serviceability; Some loss of capacity
Loss of capacity; Some loss of function
I Major; Loss of function

Extreme; Loss of Asset

West Windsor Flood/PIEVC Assessment - 2nd Internal Workshop Oct 26, 2021
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 Timing of External Workshop

 Additional Refinement Tasks:
— Key Staff Interviews
— Site Visits — Targeted Locations?

West Windsor Flood/PIEVC Assessment - 2nd Internal Workshop Oct 26, 2021

A

416-356-8447

West Windsor Flood/PIEVC Assessment - 2nd Internal Workshop Oct 26, 2021
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West Windsor Flood Assessment
Study

External PIEVC Assessment Workshop

January 7, 2022

Welcome and Introductions

» Welcome — Project Managers for City of
Windsor, Dillon Consulting Limited

» Attendee List Review — Name and Position

* Purpose of Today’s Workshop
« Validation of methods and assumptions

» Modified workshop format from “standard”
PIEVC

* Opportunities for further feedback: site visits,
bilateral meetings

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Overall Project Goals and Intended Outputs

Project Goals: Develop a flood risk profile for the West Windsor area and identify alternative and
recommended flood protection solutions.

Flood protection solutions will:

» Reduce susceptibility of coastal flooding within the study area, reduce impact of increased inflow
and infiltration (1&1) into the municipal system from high Detroit River water levels;

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

* Provide more sustainable municipal infrastructure; and,
» Reduce risk of surface and basement flooding.

Next Steps following risk assessment:

* Alternate solutions development
* Public consultation

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Scope and Boundaries

» Boundaries: Ojibway Pky and College St.; LaSalle

border; Huron-Church/Ambassador Bridge
» Zone 1 “inland” residential, institutional and industrial;
 Zone 2 shoreline industrial; and
 Zone 3industrial and parkland.

* Assets: Drainage, sanitary, combined sewers,
including Lou Romano* plant, and key adjacent
city and 39 party assets (schools, parks, arterial
roads, etc.)

* Impacts: drainage/sanitary system overloading
and failures, immediate effects on surrounding
critical assets, 3 party assets critical to operations
of drainage/sanitary

* Note: Internal treatment plant operations not in

scope

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Public Infrastructure Engineering Vulnerability Committee (PIEVC) Protocol &

Outputs

PIEVC Protocol

» Based on standard risk assessment
methodology

+ 5-steps

 #4 usually omitted

 Although presented as linear,
generally iterative in practice

 Effectiveness relies on tailoring and
expertise of practitioners

Outputs
*  Prioritized list of risks

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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PIEVC Protocol and Outputs — Triple Bottom Line Module

* PIEVC (Step 5) usually ends with
“technical” response considerations
only

* “Triple Bottom Line” Multi-Factor
Analysis considers weighting based on
economic, social and environmental
considerations

* Includes “do nothing” as an option

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

PIEVC Step 3 - The Risk Equation

At its essence, risk is the product of two components:
Severity of resulting

R — P X S/impactonyourasset
.\

Where those components are: Climate hazard occurrence data

P= Probability — how likely is this to occur; and,
S= Severity of the consequence of an event, should it occur.

Additional Notes:
» “Exposure” taken into account in “P” where needed
» “Severity” rating needs to be tailored to a given system

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Actions Linked to Risk Level

* High Risk = unacceptable,
immediate response

* Medium Risk = requires
monitoring, possible
engineering analysis
needed

* Low Risk = acceptable risk

* Special Case = operational,
planning and/or
management response

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Frequently Asked Questions

« “If we have drainage modeling (depth and hydraulic
gradient) information, why use categorical scales for risk
ranking?”

 Severity ratings provide tailored context — e.g., what do these
depths mean in terms of impacts?
* Need to define when response is needed.
 “How can you rate probability without detailed
statistical information?”
 Climate data is not available for every important hazard
 Key hazards subject to significant uncertainty
 Great Lakes/DetroitRiver Levels
« Likelihood of joint probability scenarios

...professional judgement based on all available guidance
information (“*ingredient” parameters, scientific literature)

West Windsor Flood Risk Assessment PIEVC - January 7, 2022




Workshop — Requested Inputs

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

« Validate methods and
preliminary results
* Do these tiers sound right?

* Are there missing
considerations?

* Do the results sound right?
If not, why not?

« Workshopping Activities
* Review and validation of
“S” scoring method

* Review of “P” scoring
method and prelim results

¢ Review of Draft Risk results
(MURAL Map Exercise)

2022-11-23

West Windsor Flood Risk Assessment PIEVC - January 7, 2022




Simplified Severity Rating Scale — Quantitative Ratings — Exercise 1

2022-11-23

1

~N O O A WD

Very Low; Some measurable
change
Low; Slight loss of
serviceability
Moderate loss of
serviceability
Major loss of serviceability;
Some loss of capacity

Loss of capacity; Some loss of Standing water 0.3 to 0.5 m AGL (100 yr storm) - vehicles may be stranded; partial erosion
of roadbeds, embankments; Any ponding/standing water from 5 year storm
> 0.5 m AGL depth - vehicles may become buoyant; Any washouts resulting in loss of 1 or

function

Major; Loss of function

Extreme; Loss of Asset

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Question — Do these reflect how you would rank impacts based on hazard posed
by these values?

Based on literature regarding impacts from varying flood depths
Differentiates between serviceability requirements for 5- vs 100-year storms

PIEVC Definition Surface Flooding and Hydraulic Grade Line Thresholds

Sufficient rainfall for ground saturation
Sufficient surface flow transporting leaf litter, etc., partial drainage block
Temporary ponding in low lying areas (e.g., immediately surrounding drains) < 0.1 m

Standing water < 0.3 m (for 100 yr storm) or HGL < 0.3 m BGS (5 yr storm)

more lanes of traffic

>1.0 m AGL depth OR depth X velocity > 0.4 m?/s; Total loss of multiple transportation

corridors

Simplified Severity Rating Scale — Qualitative Ratings — Plant and Shoreline -

Exercise 1 Continued

A W0 DN

(6}

Very Low; Some
measurable change
Low; Slight loss of

Flow/water volume greater than
average annual maximum
Maint. access covers and drains

serviceability partially blocked
Moderate loss of Maint. access covers and drains
serviceability fully blocked

Flow at plant approaching max
Major loss of capacity; Some pump stations no
serviceability; Some  longer functioning, may require
loss of capacity repair
Loss of capacity; Some Treatment Plant Shut-Off - sewer
loss of function back-up 10s of properties
Treatment Plant Shut-Off - sewer
back-up 100s properties
Treatment Plant Shut-Off - sewer
back-up 1000s properties;
Destruction and/or removal of
water control infrastructure

Major; Loss of function

Extreme; Loss of Asset

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Question — Do these reflect how you would rank impacts based on hazard posed
by these impacts?

PIEVC Definition | Treatment Plant Shoreline Infrastructure

Excessive seasonal erosion, noticeable mass loss

Excessive seasonal erosion, greater than normal maintenance

Spray begins to overtop unprotected shoreline

Spray begins to overtop protected shoreline; Erosion of
unprotected shoreline requires repairs

Shoreline protection dmg requiring significant repairs; levees or
other riverine flood protection overtopped by wave action
Shoreline protection destroyed; levees or other riverine flood

protection overtopped, standing water 0.5t0 1.0 m

Flooding event results in destruction and/or removal of flood
control infrastructure; movement/destruction of vehicles,

structures and people (> 1.0 m AGL water levels)




Simplified Severity Rating Scale — 3" Party Private Assets — Exercise 1 Continued

2022-11-23

Question — Do these reflect how you would rank impacts based on hazard posed
by these impacts?

1 Lo gLt Sufficient rainfall for ground saturation
measurable change
2 Low; Slight loss of Sufficient surface flow transporting leaf litter, branches, etc. from properties, partially
serviceability blocking drainage
Moderate loss of . ) - . .
3 bl Debris generation (e.g., siding, roof gravel) may result in blockage of surface drainage
4 Ground water levels approach basement level but still > 1.8 m HGL, sump pumps
Major loss of serviceability;  activated; Isolated cases of water damage may occur due to failure of sump pumps,
Some loss of capacity other protective systems
Loss of capacity; Some loss Any basement flooding, water level < 1.8 m HGL; Minor to moderate industrial
of function containment breach non-hazardous materials
Basement flooding, HGL < 1.3; Surface flooding 0.5 m to 1.0 m AGL; Industrial
Major; Loss of function hazardous materials containment breach into water bodies

Basement flooding, HGL above sfc; Surface flooding > 1.0 m AGL; Major industrial
Extreme; Loss of Asset containment spill of hazardous materials onto adjacent private and public properties

7

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Not All Climate Hazards are the Same...

Continuously evolving research...

k

< | More CERTAINTY | Less CERTAINTY >

More heat
Warmer waves More More ice
. intense storms
winters ) infall )
More winter raintalls Increase in
Longer growing precipitation wind extremes
season (frost-free)

Changes in Great
Lakes Water Levels

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Climate Change within PIEVC Assessment Context

“P” Defined by climate parameter:

R - P X S/ Held constant
\

Climate parameter needed “Detects” or “sees” climate change

« Statistical information used in risk assessment

* I.e., element, value and duration

e.g., heavy rainfall? 25 mm in 1 hour, 15 mm in 15 min?
» “P” based on likelihood over 30-year time period

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Climate Parameters Review — Exercise 2

Precipitation/Drainage/Flooding Events Secondary and Long-Term Impacts

« Combined probability event modeling * Major ice storm - 28 mm or more
+ Design rainfall events: 5-year and 100-year 4- * Extreme wind event — gusts 2120 km/h
hour “Chicago” storm Tornado - (E)F2+
« Detroit River Levels — Current 100 year, Ralnfa!l + hail and wind .
“Future” 100 year and extreme low Shorerlllng an?c creek (;rosmn
 High-water-level + freeboard Weathering (freeze thaw)

R
» Multi-day rainfall (June 2010 case) verice

» Snow accumulations/melt (2014 case) Discussion Questions
* Include extreme temperatures?
« electrical power delivery impacts
 Others event types not covered here?

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Detroit River Level - Historical Analysis

* Located Near Project Site
* Hourly Data- 1970 - Present
* Peaks: Max=175.9, Min=173.8

« Extreme Value Analysis (EVA)
« Storm Listing - Monthly Maxima
*  Weibull EVA - Good Match with Low
Frequency (High Return Periods)
+ 100-Year Weibull Prediction Has Best
Agreement with 100-Year (MNR 1989,

DR2 and DR3)
*  Weibull most Likely Distribution used in MNR
1989

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Great Lake Levels and Climate Change

+ Great Lakes water level system is highly complex

* Earlier Windsor study referenced a 2011 study and one
model projection of +30cm in 100 year high levels by 2100

+ Added 5 climate change and lake level studies (2013-19)

+ All studies project huge uncertainties on future lake
levels; Expect rapid transitions between high & low levels

Projections of lake levels under climate change:

» Median of all model projections: Decreasing over time i.e.
more climate models indicate decreases than increases

+ 75th percentile highest increase: ~20cm by mid-century,
kept similar to 2100 (conservative recommendation)

* But, projections depend on GHGs — lower future levels with
higher GHG emissions

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Results agree with 2019 Canada-U.S. Assessment of
Impacts on the Great Lakes

“Newer model-based projections of lake level foresee a
central tendency toward small drops in lake levels to the
end of the 21st century, with appreciable probability of
small rises in lake levels, in contrast to the large drops
projected using the older, now-defunct methodology.”

Climate Analytics — Methods and Key Findings - Joint Probability Events

“Itis difficult to determine the joint probability of both extreme rainfall and high lake levels
(i.e. it is unknown what the probability of occurrence would be for both a 100-year storm

event and concurrent 100-year lake level).”

- Windsor/Essex SWM Standards Manual

..we’re gonna try anyway.
* P, x P, ..only if statistically independent.

 Determining “P” value challenging
 Currently using stat independent assumption
« Statistical dependence investigation ongoing

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Climate Analytical Results & Discussion

Findings
» Detroit River Levels

* Review of additional literature (research is ongoing) suggests slightly lower future
peak river levels

* Event Probability Changes
« Extreme rainfall very sensitive to warming, main driver of future changes in risk

* Current 100-year rainfall reduced to 33-year by 2050s, 15-year by 2080s

 Consistent with other studies and agreement among methods (e.g., climate analogues)
» Equivalent to ~40% climate change safety factor currently in use

« No significant changes in other parameters, including cool season/winter hazards
Discussion Questions
* Are there important events that are not covered in this list of hazards?

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Interactive Review of Risk Results — Exercise 3

* Group will be redirected to the MURAL virtual whiteboard
» Annotated map of the study area with highest risks indicated
» 5-minutes allotted to allow attendees to get familiar with the tool
« If more than one user present at computer, elect data input person
» 20-minutes allotted for review and information input
 15-minutes for discussion of results and input

+ Alink to the workspace can be found here:

https://app.mural.co/t/dillonconsulting7627/m/dillonconsulting7627/164010966655

5/dde48c0c2fd41376e10cdaed9b179bb4027b5354?sender=u0b47aeec169a0431
b8606900

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Next Steps

Solutions Development
* Development of list of solutions for
problem areas
* Triple-Bottom-Line (TBL) Module

« Stakeholder Consultation Meeting to
review proposed solutions and TBL
outcomes

« External Public Consultation Meeting to
review refined list of proposed solutions

Final Project Reporting

West Windsor Flood Risk Assessment PIEVC - January 7, 2022
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Final Discussion/Questions

West Windsor Flood Risk Assessment PIEVC - January 7, 2022

Simon L. Eng, PIEVC Lead
SEng@Dillon.ca

14
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West Windsor Flood Assessment
Study

Review of Solutions and Initial Recommendations

May 19, 2022

Welcome and Introductions

» Welcome — Project Managers for City of
Windsor, Dillon Consulting Limited

* Purpose of Today’s Workshop
* Review results of PIEVC STEP 3
* Review solutions and initial recommendations
* Opportunities for further feedback
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Overall Project Goals and Intended Outputs

Project Goals: Develop a flood risk profile for the West Windsor area and identify
recommended flood protection solutions.

Flood protection solutions have been developed to:

* Reduce susceptibility of coastal flooding within the study area, reduce impact of increased
inflow and infiltration (I&l) into the municipal system from high Detroit River water levels;

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

* Provide more sustainable municipal infrastructure; and,
* Reduce risk of surface and basement flooding.

Next Steps following solution finalization:
* Public consultation; and
* Final reporting.
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Project Area

Boundaries: Ojibway Pky and College St.; LaSalle
border; Huron-Church/Ambassador Bridge
» Zone 1 “inland” residential, institutional and industrial;
 Zone 2 shoreline industrial; and
 Zone 3 industrial and parkland.

Public Infrastructure Engineering Vulnerability Committee (PIEVC) Protocol &

Outputs

PIEVC Protocol
» Based on standard risk assessment
methodology

Outputs
e Prioritized list of risks

January Workshop

Where we are now
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West Windsor Flood Study PIEVC Overview

1. Identified Assets: Drainage, sanitary, combined sewers, including Lou Romano* plant,
and key adjacent city and 3" party assets (schools, parks, arterial roads, etc.)

2. Assessed Impacts due to Climate Change Events: Drainage/sanitary system overloading
and failures, immediate effects on surrounding critical assets, 3" party assets critical to
operations of drainage/sanitary system

3. Developed Risk Scores:

Risk = Probability x Severity

4. ldentified Solutions: Recommendations to address risks at assets with the highest
scores

* Note: Internal treatment plant operations not in scope
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General Solutions

Excess Flows to Lou Romano Water Reclamation Plant
e Backflow Prevention at CSOs
* Weirs
 Flapgates
¢ Lou Romano RTB
» Combined Sewer Separation

Surface Flooding
* Raise Ground Elevations (Grading Improvements)
» Dewatering Pumping
» Conveyance Improvements
* Prince Road Trunk Storm Sewer Outfall and Pumping Station
+ Detroit Street Trunk Storm Sewer and Outfall
» Combined Sewer Separation
» Roadside Drainage Improvements

General Solutions - Continued

Basement Flooding
» Basement Flood Protection Measures
» Backflow Prevention
» Downspout Disconnection
« Combined Sewer Separation
» PDC Separation
» Foundation Drain Disconnection

Shoreline Erosion
+ Monitoring and Local Repair Plans
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Zone Characterization

« Inland, mainly residential, institutional and commercial
* Includes Lou Romano Water Reclamation Plant
 Ground elevations mostly higher than Detroit River HWL

Flood Hazard Characterization
» Basement Flooding — surcharging of combined systems
+ High Flows to Lou Romano — high river levels, wet weather I/I

« Surface Flooding
 High Detroit River levels — Russell Street, Sandwich Street
 Severe rainfall — localized, combined sewer surcharging
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Zone Characterization
* Detroit River shoreline, mainly industrial

* Includes WPA lands, WDBA lands, Brighton Beach Generation
Station, Keith Transmission Station

e Ground elevations close to Detroit River HWL

Flood Hazard Characterization

« Surface Flooding

 High Detroit River levels — Prospect Avenue, Sandwich Street, McKee
Park

 Severe rainfall — localized, conveyance system surcharging
* Shoreline Erosion Concerns

Insert Zone 2 Solutions
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Zone Characterization

* Detroit River shoreline, mainly industrial

* Includes Black Oak Heritage Park, Truck Ferry

 Ground elevations generally 1-2 m above Detroit River HWL

Flood Hazard Characterization
» Surface Flooding

 Roadside Drainage Capacity — Ojibway Parkway, Sprucewood Avenue
* Sanitary Surcharging — localized, severe rainfall

Insert Zone 2 Solutions
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Next Steps

* Refine Proposed Solutions
* Triple-Bottom-Line (TBL) Module
« External Public Consultation Meeting
to review refined list of proposed
solutions

« Final Project Reporting

Final Discussion/Questions

Nick Emery, Project Manager
nemery@dillon.ca
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West Windsor Flood Risk Study
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Appendix C — Background Information

1. McKee Park Improvements Site Plan, March 2022

5. Sandwich Street ETR Crossing Pavement Rehabilitation and Culvert Extension, Proposed
Pavement Upgrades, February 2022




GENERAL NOTES:

1. CONTRACTOR TO CALL FOR LOCATES PRIOR T0
COMMENCEMENT OF ANY WORK ON SITE. CONTRACTOR TO
DETERMINE AND VERIFY THE LOCATION AND EXISTENCE OF
ALL  UNDERGROUND  UTILITIES PRIOR TO  COMMENCING
CONSTRUCTION. ADVISE THE PROJECT MANAGER FOR ANY
CONFLICT BETWEEN EXISTING UTILITIES AND NEW WORK.

2. THE LOCATION OF UTILITIES IF INDICATED ON THE DRAWING IS
NOT CERTIFIED TO BE ACCURATE. THE ONUS LIES ON THE
CONTRACTOR AFTER ACCEPTANCE OF ANY CONTRACT AWARD
TO OBTAIN AT THEIR OWN EXPENSE THE EXACT LOCATION OF
EACH UTILITY. NO EXTRAS TO THE CONTRACT OR CLAIM FOR
COMPENSATION  WILL BE ALLOWED IF IT SHOULD BE
DISCOVERED THAT ANY UTILITY IS ACTUALLY LOCATED IN THE
SITE, LINE OR GRADE THAT IS IN VARIANCE WITH THE SITE,
LINE OR GRADE SHOWN ON THIS DRAWING.

3. CONTRACTOR TO INFORM CITY PROJECT MANAGER OF
COMMENCEMENT OF WORK DATE OF WORK START UP TIME
PRIOR TO ANY ONSITE OPERATIONS TAKING PLACE. THE CITY
WILL MEET CONTRACTOR ON SITE TO REVIEW ALL WORK PRIOR
TO COMMENCEMENT. A MINIMUM OF 48HOURS NOTICE SHALL
BE GIVEN TO THE CITY PRIOR TO STARTING WORK.

N PRIVATE PROPERTY N

4. THE CONTRACTOR TO VERIFY THE GRADES OF ALL PROPOSED
INVERTS, CATCH BASINS AND MANHOLE TOP ELEVATIONS AND
ADJUST TO SUITE EXISTING GRADES. ALL DRAINAGE
INSTALLED AS A RESULT OF THIS WORK SHALL HAVE POSITIVE
DRAINAGE TO EXISTING CATCH BASINS AND OR MANHOLES.
CONTRACTOR TO VERIFY DEPTHS AND GRADES IN THE FIELD
WITH CITY PROJECT MANAGER. CONTRACTOR TO OBTAIN ALL
PERMITS REQUIRED FOR ANY DRAINAGE WORK IF NECESSARY.

DETROIT
RIVER

5. REPAIR ANY DAMAGE DONE AS A RESULT OF CONSTRUCTION.
VERIFY THAT ALL EXISTING SITE CONDITIONS ARE AS SHOWN
ON THE PLANS. THE CONTRACTOR IS RESPONSIBLE TO THE
CITY FOR ANY DAMAGE DONE TO A UTILITY THROUGH ANY
ACT OF NEGLECT BY THE CONTRACTOR OR ANYONE ACTING
UNDER THE AUTHORITY OF THE CONTRACTOR.

PROPOSED LIGHT POLE . \ . \

FOOTING. 8 LOCATIONS. ' N N - /
(LIGHT BY OTHERS) _ ' o . _ : o

6. ALL WORK TO BE PERFORMED IN COMPLIANCE WITH THE
HEALTH AND SAFETY ACT LATEST REVISIONS AS WELL AS THE
CITY OF WINDSOR HEALTH AND SAFETY REGULATIONS

(15") LONG PLACED UNDER PRIVATE PROPERTY

T ! 7. RESTORATION OF ANY AREAS DISTURBED AS A RESULT OF
T PATHWAY | o

CONSTRUCTION  WILL BE THE RESPONSIBILITY OF THE
CONTRACTOR TO RESTORE TO EXISTING CONDITIONS OR
BETTER INCLUDING DAMAGED ASPHALT, CONCRETE, CURBS OR
ANY OTHER SITE FEATURE DAMAGED AS A RESULT OF
CONTRACTOR OPERATIONS. GRADING WILL BE RESTORED AS
ROUGH FINISHED GRADE AND THE CITY WILL PERFORM ALL
FINISHED SITE GRADING AFTER WORK HAS BEEN COMPLETED.
ROUGH GRADING INCLUDES ELIMINATING ANY TRIP HAZARDS
UNEVEN AREAS TO ALLOW FOR POSITIVE DRAINAGE.

50mm) @ (2”) CONDUIT 4.5m : \
A

PROPOSED CB : (/’1’@ N ' ' h \
~ PROPOSED LIGHT POLE FOOTING. 8 h \ '
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N ASPHALT TRAIL (+885m?) \ , \

> N
N 1.8m EACH SIDE OF TRAIL, - _ PRIVATE PROPERTY \\

8. ANY GRADES AND DIMENSIONS ARE PROVIDED FOR
CONVENIENCE TO BIDDER AND ARE THE RESPONSIBILITY OF
THE CONTRACTOR TO PROVIDE OR VERIFY WITH THE CITY
PROJECT MANAGER.

\\a SAND

N 9. CONTRACTOR TO PROVIDE SITE LAYOUT SERVICES BY
s - N CERTIFIED SURVEYOR TO CONFORM WITH DRAWINGS AND CAD
o SEED TO MATCH EXISTING , \ N FILES PROVIDED BY THE CITY. LAYOUT, GRADES AND
GRADE. (£760m?) \ _ ' _ DEPTHS MUST BE CONFIRMED BY CITY PROJECT MANAGER
A N . / PRIOR TO FINALIZING PATHWAY LAYOUT, DEPTHS OF STONE,
A\ - . . \ - y AND FINISHED GRADES OF CATCH BASINS, ASPHALT,
CONCRETE, SITE FEATURES, AND GENERAL SITE GRADING.

RESTORE WITH TOPSOIL AND N

EXISTING LIGHT
(POINT OF
SUPPLY) A

GAZEBO AND
- :CONCRETE PAD

: .;.\.:(BY OTHERS)

EXISTING TREE PROTECTION

\ 1. THE FOLLOWING NOTES WILL PERTAIN TO ANY AND ALL
\ EXISTING TREES ON THE SITE LOCATED WTHIN THE
) ’ CONSTRUCTION AREA OR ADJACENT TO ANY CONSTRUCTION
Egg-ﬁ—)lﬁ%EDS Lt%%}.ﬁghg ' A N OPERATIONS AS A RESULT OF WORK BEING PERFORMED.
BOAT RAMP EXPOSED AGGREGATE . '

2. PRIOR TO ANY DEMOLITION OR CONSTRUCTION, PROTECT ALL
TREES TO REMAIN AS DIRECTED BY THE PROJECT MANAGER
OR BY ERECTING SNOW FENCE BEYOND THE DRIP LINE OR AS
CLOSE AS POSSIBLE TO THE DRIP LINE TO THE SATISFACTION
OF THE PROJECT MANAGER. DO NOT STORE OR STOCKPILE
ANY BUILDING MATERIALS OR EQUIPMENT INSIDE THE DRIP
LINE OF EXISTING TREES.

W/ACID WASH & SEALED

(LIGHT BY 'OTHERS) | . \

CONCRETE BENCH N
PAD

CURB CUT

CONCRETE APPROACH WITH
TACTILE PLATE & BOLLARDS
3. IF RE—GRADING IS REQUIRED BETWEEN THE DRIP LINE OF AN

EXISTING TREE, DO NOT REMOVE OR ADD MORE THAN 100mm
(4”) OF SOlL. IF THE SITUATION REQUIRES A CHANGE IN

GRADE OF MORE THAN100mm (4) NOTIFY THE CITY PROJECT
MANAGER FOR FURTHER INSTRUCTION.
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4. ANY TREES DAMAGED AS A RESULT OF CONSTRUCTION
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NOTES

1. PROVIDE SILT FENCE FOR SEDIMENT AND EROSION CONTROL
ALONG EXISTING ROADSIDE DITCHES AND MUNICIPAL DRAIN
DURING CONSTRUCTION. CONTRACTOR TO MONITOR DAILY.

2. CONTRACTOR SHALL PROTECT EXISTING CATCH BASINS AND
PIPE END SECTIONS FROM SEDIMENT WITH FILTER CLOTH OR
OTHER APPROVED METHOD. ALL SUMP TO BE KEPT CLEAN

CLEAR AND GRUB EXISTING DURING CONSTRUCTION.
TREES AND WOODY VEGETATION
IN DRAIN AS ONLY REQUIRED FOR 3. NO WORKS TO BE UNDERTAKEN WITHIN THE MUNICIPAL

DRAIN CULVERT EXTENSION.

DRAIN UNLESS OTHERWISE SHOWN ON THE CONTRACT
?gg‘ziog?ﬂg’;i‘e”;'&F%ROV'S'ONS DOCUMENTS OR AS PER PRIOR APPROVAL BY OWNER.
— 4. ALL DISTURBED AREAS SHALL BE FINE GRADED WITH

CULVERT EXTENSION WORKS, TOPSOIL, HYDRO SEED AND EROSION CONTROL BLANKETS

REFER TO SPECIAL PROVISIONS o . :
FOR ADDITIONAL INFORMATION. 7 I ] // 5. ALL DIMENSIONS SHOWN ON PLANS ARE MINIMUM
/o REQUIREMENTS FOR TENDER.

REINCORPORATE THE

EXISTING 900mm CONCRETE N
OUTLET PIPE AS PART OF
THE BOX CULVERT EXTENSION

N |
Sy

6. REFER TO ALL CONTRACT DOCUMENTS FOR ADDITIONAL
INFORMATION.

7. CONTRACTOR TO COORDINATE ALL WORKS WITH ETR WHEN
"WORKING WITHIN 4.6m OF THE RAIL LINES. REFER TO

T O WL (L e o8

ALLOWANCE — ESSEX TERMINAL RAILWAY FLAGMEN FOR
ALL WORK WITHIN THE ETR RIGHT OF WAY

12.0m PEDESTRIAN
BARRICADE OFFSET 0.6m
FROM NEW FULL WIDTH
MULTI-USE TRAIL

REMOVE EXIST. CONCRETE
JUTE BAG WITH MORTARED
JOINTS RIP RAP AND
OTHER TYPES OF END
TREATMENT AT END OF
BOX CULVERT

L

8. CONTRACTOR TO COORDINATE UPGRADES TO CROSSING
PROTECTION "BY OTHERS” DURING CONSTRUCTION.

\\

Ny
(\)4 » \“}V
i

S}DEWALK! 9. CONTRACTOR TO CONFIRM LAYOUTS WITH THE CITY BEFORE

NEW WORKS COMMENCE.

REMOVE EXIST. RAILING
COMPLETE

RELOCATED LIGHT POLE

1.8m FROM FACE OF POLE
TO BACK OF EXISTING
CURB AND 4.35m NORTH

s Sin AL v

-

[LIGHT POLE TO BE RELOCATED PAVEMENT OUTSIDE OF ROADWAY AND OF EXISTING LIGHT POLE .
/ 4 : — NEW 3m WIDE MULTI-USE TRAIL: : 1 PAVING NOTES:
PROTECT EXIST. 900mm 3 / IS N MY S ASPHALT ~__
e NV Ao Ny I - S ® S R s
AT 3 i q - m AN ABA
X 50mm DEEP N — 300mm GRAN "A” + PLACE (2) — 300mm EXISTING CB LEAD
L — 75mm OGDL WIDE SOLID WHITE STOP

/)

GRANULAR BASE WRAPPED IN
NON—WOVEN GEOTEXTILE CLASS I

PROTECT EXIST.
CROSSING PROTECTIONS |
DURING CONSTRUCTION

BARS 5.0m FROM W\ CONTRACTOR TO PROTECT/ADJUST EXISTING
TRACKS — BOTH SIDES , APPURTENANCE DURING CONSTRUCTION

CONTRACTOR TO PROTECT/SUPPORT EXISTING

=

l HYDRO/LIGHT/BELL FACILITIES DURING CONSTRUCT!CN

SAWCUT AND REMOVE PLACE 100mm WIDE SOLID

fEH/L
— 50mm HL3 + :
. YELLOW LANE MARKER
EXIST. CURB ~ 100mm (MIN.) TO 250mm (MAX.) HL4 + / - ZLB_A EXISTING ETR CROSSING PROTECTION
@ — 485mm (MIN.) GRAN ’A’ o
© ASPHALT BASE AND GRANULAR TO MA
REMOVE EXISTING Q EXIST. FULL DEPTH OF PAVEMENT SECTION. EEEENNEE REMOVE EXISTING CURB AND GUTTER
ASPHALT FULL DEPTH COORDINATE WITH ETR
B N o, AND 3 (X REMOVE EXISTING ASPHALT (FULL DEPTH)
PROVISIONAL SO,

OUTSIDE OF ROAD I8 PEDESTRIAN BARRICADE SRRRR

NEW CONCRETE BARRIER AN s
SAWCUT AND REMOVE CURB AS PER STANDARD ssseaesd REMOVE EXISTING CONCRETE SIDEWALK
EXISTING ASPHALT FULL DRAWING AS—208A, WITH| H/ / RN &N ‘ NEW 3.0m CURB :
DEPTH 4.0m CENTERED BIG 'O SUBS %%Aag%NPET% S < N ' ) \ TAPER TO MATCH )
ON TRACKS. PROTECT SAWCUT AND REMOVE AS-557, SU ~ —{ EXISTING PER | MILL 50mm OF EXISTING ASPHALT
EXISTING RAIL LINES — »|EXIST. CURB BE CAPPED FOR FUTURE ~. OPSD 608.010 77
COORDINATE WITH ETR. N CONNECTION BY OTHERS. \ P e %
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ASPHALT BASE TO MATCH FULL DEPTH OF / DRAWINGS - AS—401,
EXIST. PAVEMENT SECTION. NEW FULL DEPTH ASPHALT ROAD
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To: Project File
From: Heather Auld
Date: February 16, 2022

Subject: West Windsor Flood Risk Assessment
Climate Data and Analysis Summary

Our File: 21-2409

Purpose and Scope

This report serves as a technical summary for climate data, information and analyses
executed within the context of the Public Infrastructure and Engineering Vulnerability
Committee (PIEVC) Protocol risk assessment. It provides detailed technical information
on the data sources, analytical methods, analytical results and final application and
contextualization of those results within the context of the PIEVC assessment.

Climate Analytical Methodology — Historical Data and Future
Projections

The risk assessment necessitates the analysis of both historical and future climate

information. Historical climate information serves two key purposes:

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

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

A historical background is critical to providing a point of reference for climate change

information, since it can indicate the type of operating environment which has already

interacted with the assets under study. Climate projections are of little value unless the

projected changes are provided within the context of these current conditions.

Historical Data

The majority of the historical climate baseline information used in this project was

Qerived from climate observations from the most representative climate stations
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available 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 were obtained from the Environment and Climate
Change Canada (ECCC) Windsor International Airport station. Additionally, Detroit River
level data were obtained from the US Army Corps of Engineers for the Fort Wayne
stream gauge 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
methodology employed here uses the “Delta” or change factor method to both
downscale Global Climate Model (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 West Windsor study area climate will be directly correlated to
changes to the regional climate and that relationships between variables at the local
scale are assumed to remain relatively constant in the future period. Not surprising,
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 could lead to costly maladaptive
decisions, particularly since the use of ensembles helps to moderate the effects of
differing assumptions inherent in each model.

This study used an ensemble of all 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. Dillon first obtained
the average climate conditions for the baseline normals period (1981-2010, the official
and most recent available), and then projected the average change in climate conditions
for the future periods (i.e., 2050s and 2080s) 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
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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 Windsor
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 Intergovernmental Panel on
Climate Change (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.

Climate Projections for Complex Hazards

Complex hazards, meaning those that are characterized as being highly localised (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 either 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 developed for the earlier Riverside East and Windsor
Port Authority PIEVC risk assessments. Several new water level studies were reviewed
that included more recent climate change models, a greater number of climate change
models, added regional scale climate modelling results, more GHG emission
assumptions and improved lake dynamics modelling.

Selection of Representative Concentration Pathways (RCPs)

In the currently valid IPCC AR5 assessment, greenhouse gas emission assumptions or
representative concentration pathways, or simply “RCPs”, were developed to describe
alternate possible future climates based on the amounts of greenhouse-gas (GHG)

DILLON CONSULTING LIMITED
www.dillon.ca
Page 3 of 41


http://www.dillon.ca/

/
//

emissions that may be emitted and accumulated long into the future. RCPs refer to a
consistent set of internationally agreed upon assumptions on GHG emissions activities
that are used by climate modellers to explore plausible future emission scenarios and
their implications for the globe’s climate responses.

The future pathways for GHG emissions are largely unknown, but historically the trends
in emissions have been most closely following the RCP8.5 or high emission trajectory
(Figure 1). This trajectory represents an additional 8.5 W/m? of energy to the
atmosphere by the year 2100 and approximates a mostly “business as usual” carbon
emissions situation. In the absence of any truly enforceable global GHG reduction
program, this would seem to be the most likely (and extreme) path. This RCP 8.5
emission pathway is also useful as a risk averse lens to climate change assessments,
since it represents the “worst case” emissions path which can be used to avoid under-
adaptation.

A second often considered pathway is RCP4.5, which represents notable reduction in
GHG emission undertaken globally through multiple means (e.g., reduction of the use of
coal, increased reliance on renewables). Contrasting the two scenarios, projections
using RCP8.5 generate a global average temperature increase of between 4 and 6 °C
degrees by the year 2100, whereas the RCP4.5 scenario projects an increase of 2 to 3 °C
by the end of the century (Peters et al. 2012).

Figure 1 - RCPs and associated emissions compared to historical values. Left figure (a)
shows GHG emissions up to 2016, right figure (b) shows carbon emissions up to 2019.1

! The IPCC 6" Assessment Report (AR6) will feature a change from RCPs to so-called “Shared Socioeconomic
Pathways,” or SSPs, and therefore graphics comparing recent historical GHG emissions to RCPs are not available.
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For this study, RCP8.5 was used as the basis for future projections and the risk
assessment calculations. Climate change projections were compiled for the time period
2041 - 2070 (i.e., the 2050s), and 2071 - 2100 (i.e., 2080s) using the full Coupled Model
Intercomparison Project 5 (CMIP5) ensemble of 37 Global Climate Models (GCM)
associated with the IPCC 5t global assessment released in 2013. As noted above, the
emission scenario RCP8.5 is used for its consistency with “business as usual” conditions
resulting from continued global growth in GHG emissions. In many cases, the RCP8.5
emission assumption represents a global temperature increase likely to exacerbate the
intensity and frequency of extreme climatic and weather events (Climate Nexus, 2021).
The emission scenario of RCP8.5 was selected as a conservative, risk averse assumption
for most extreme climate variables to best inform the vulnerability assessment and its
risk management planning.

Global GHG emissions continue to grow. Selecting a less conservative RCP would assume
global GHG reductions that have yet to occur, possibly underestimating impacts.
Selecting an RCP that aligns with recent and current global GHG emissions trends is
preferable for applications intended to inform risk management planning.

Threshold Selection and Probability Scoring

As statistical information for both historical and projected hazard event frequencies was
available for most of the climate parameters identified in the study, the more
qguantitative PIEVC Protocol Method B was used to develop the probability scores for
each parameter. Where such statistical information is available, the probabilities for
each climate parameter are converted from numerical probabilities into PIEVC score
categories. The PIEVC Protocol makes use of standardized climate probability scores
ranging from 0 to 7, employed in parallel with the 0 to 7 impact scoring scale used for
severity assessment, as summarized in Table 1. A score of O refers to a climate event
that likely will not occur, while a score of 7 refers to an event that is “highly probable” to
occur over the service life of the structure (i.e., a probability approaching 100%).
However, because the original scale only provides individual values for each category,
ranges (far-right column) were derived to better define each probability score value.
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Table 1 - General Climate Parameter Probability Scoring

Probability Scale PIEVC Value (%) Range (%)

0 <0.1% <0.1%

1 1% 0.1to2.5%
2 5% 25t0125%
3 10% 12.5% to 15%
4 20% 15% to 30%
5 40% 30% to 55%
6 70% 55% to 85%
7 99% 85% to 100%

Furthermore, probabilities calculated for this study are based on the probability of event
occurrence within a 30-year period (i.e., an event with a 1% annual probability of
occurrence has an approximate probability of 26% within any given 30-year time
period). This 30-year time frame was used as a compromise between expected service
life of individual components, and is also the standard averaging period for climate data
(i.e., the “climate normals” described above).

Climate Parameter Threshold Selection

Climate parameters used in the risk assessment are based on asset-relevant
“thresholds”. These thresholds are defined by the intensity and duration of key hazards
directly relevant to the design capacity and/or risk characteristics relevant to assets
under assessment. In this case, heavy and extreme rainfall values and Detroit River
levels were defined based on the drainage model values used to assess the performance
of the infrastructure. These specifically included the 4-Hour 5-Year and 100-Year return
period design storms using a Chicago synthetic rainfall distribution, as well as the
100-Year and “Climate Change” high river levels.

Secondary impact events, those which may occur in tandem with or in rapid succession
with extreme rainfall events, were defined based on thresholds relevant to critical
adjacent and interconnected infrastructure (i.e., surface transportation, electrical power
and communications). These events were included in the analysis to determine if they
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could result in significant, additional exacerbation of impacts on the drainage and

sanitary systems (e.g., what are the impacts of power loss on pumping stations and
treatment plant operations).

Key Climate Hazards — Historical and Future Conditions

Table 2 below provides a summary of the statistical information and PIEVC probability
scores assigned to each climate parameter for which statistical information was
available. The annual frequency, 30-year probability and associated PIEVC 0-7
probability score are provided for each of the three time horizons (i.e., current, 2050s
and 2080s).

Additional climate parameters and related were initially included in the analysis, namely
extreme air temperatures, heavy snowfall events and seasonal snow accumulations, as
well as combined rainfall and hail events. Staff interviews, historical events research and
stakeholder workshop discussions subsequently indicated that these event types were
not important to the overall impacts to the drainage and sanitary systems, and as such
were removed from the analysis. Finally, some important hazards (i.e., shoreline
erosion, river ice, and ice jam floods events) are included in the risk assessment and
discussions, but reliable data were not available for statistical analysis.

Detailed discussion of each climate parameter is provided in the following sections.
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Table 2 — Climate Parameter Thresholds and Probabilities

Annual 30-Year Probability and Annual 30-Year Probability and Annual 30-Year Probability and
Hazard/ Element Threshold Frequency Score Frequency Score Frequency Score
Current 2050s 2080s
"Major" 100-yr Storm - 82 mm
in 4 hrs, peak rate of 145 mm/h 0.0068966 ~20% 4 0.03125 >60% 6 0.0666667 >85% 7
Extreme rainfall
"Minor" 5-year Storm - 50 mm
in 4 hrs, peak rate 29.5 mm/hr 0.1724138 >99% 7 0.3703704 >99% 7 0.5263158 100% 7
"Likely" CCHWL-176.1m 0.0066667 ~20% 4 0.01 ~25% 4 0.01 ~25% 4
Extreme River

Levels Current HWL - 175.9 m 0.01 ~25% 4 0.012 30% 5 >0.012 > 30% 5
Current 100 yr HWL + extreme
rainfall (100 year storm) N/A 7% 2 N/A 12% 2 N/A 26% 4
Current 100 yr HWL + Moderate
Rainfall (5-year storm) N/A 26% 4 N/A 30% 4 N/A >30% 5

Combination Climate Chg HWL + extreme

Events rainfall (100 year storm) N/A 5% 2 N/A 16% 4 N/A 23% 4
Climate Chg HWL + moderate
rainfall (5 year storm) N/A 26% 4 N/A 26% 4 N/A 30% 4

N/A - Steady N/A - Steady
HWL + wave action (freeboard) 0.1 >95% 7 or increasing N/A 7 or increasing N/A 7
Major ice storm - 28 mm or
more 0.01 ~25% 4 0.0108 ~30% 4 0.01004 ~25% 4
Extreme wind event - 120 km/h 0.05 ~80% 6 0.062 85% 7 0.063 85% 7
Secondary Impact
Events Tornado - (E)F2+ 0.002 ~5% 2 0.0025 ~7% 2 0.003 9% 2
14.1 100% 7 10.5 100% 7 7.8 100% 7
Weathering (freeze thaw)
0.47 >99% 7 0.35 >99% 7 0.26 >99% 7
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Detroit River Water Levels

Although Great Lakes water levels have fluctuated considerably over the past century,
the fluctuations from the extreme low to extreme high levels from 2011 to 2021 have
been among the most extreme seen in the observations. Levels typically fluctuate on
multi-decadal time scales, but the recent fluctuations have been more rapid, dropping
to record lows on the Great Lakes from 1999 to 2013 and then rising to record highs,
particularly for the 2019 to 2021 period.

Water levels on the Great Lakes are determined by the net flow of water in and out of
the lake system. The processes that drive the changes in water levels and their
connecting channels are complex and vary over time periods from seasons to years to
multi-decades. In general, the annual fluctuations in water levels can be attributed to
the seasons, the longer-term or multi-year fluctuations can be attributed to climate and
the short-term fluctuations in levels can be associated with weather.

The annual and climate fluctuations result from three main factors:

1. Changes in rainfall and snowfall over the lakes,
2. Evaporation from the lakes, and

3. Inflow or runoff from tributaries and rivers that enters each lake from the
surrounding land and any diversions or management changes, as shown in Figure 2.
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Figure 2 Climate, hydrologic and hydraulic processes affecting Great Lakes water
levels. From GLISA (Great Lakes Integrated Sciences and Assessments, NOAA). Accessed

from: https://glisa.umich.edu/sustained-assessment/lake-levels/

Seasonally, water levels rise through the spring and summer with snowmelt and spring
rainfall, peak around July, then decline through the fall and winter, with a low point
around February. The winter ice cover timing and ice amount have a significant
influence in controlling evaporation and shoreline erosion and on spring water levels.
This seasonal rise and fall varies from approximately 40 to 60 cm on average. Water
levels also can fluctuate on very short-term scales along the shorelines du