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Introduction

Summary

1.2

The purpose of this Technical Report Volume Ill is to supplement the EA Master Plan Report, Technical
Report Volumes | and Il, and to detail the functional design and analysis of the recommended sewer and
coastal flood protection solutions. Functional designs include the recommended public infrastructure
improvements to meet the project objectives. Recommended private property improvements such as
downspout and/or foundation drain disconnection are discussed in detail in Technical Report Volume II.
Below is a summary of what is included within the Volume Il report:

e Summary of the level of service criteria, as detailed in Technical Report Volume I, used to
develop the basement and surface flooding solutions;

e Summary of the functional design process and methodology;

e Summary of the coastal flood protection functional design process and recommended solutions;

e A summary of the functional design and cost estimate assumptions for the recommended storm,
sanitary, and coastal flood protection solutions;

e Detailed design considerations;

e Overview of the recommended implementation plan; and

e Conclusions and recommendations for the recommended functional design solutions.

Technical Reports

Two additional reports, Technical Report Volume | and Technical Report Volume Il, summarize details
related to the engineering, design, and stormwater management modelling related to the project. Below
summarizes the contents of the two additional technical reports:

Technical Report Volume |

e Identification of new sewer and drainage data collected in 2018;

e Summary of data used from the Flow Monitoring and Hydraulic Modeling of the Sewer System
report (Dillon & Aquafor, 2016);

e Process and methodology for expanding the existing City-wide sewer model including
calibration; and

e Identification of the existing baseline sewer and overland drainage conditions within the City,
including the characterization of rainfall-derived inflow and inflation (RDII).

Technical Report Volume Il

e Identification of the level of service criteria for basement and surface flooding solutions;

e Delineation of the existing level of service for basement and surface flooding risks;

CITY OF WINDSOR —— @; W%
N

DILI.ON

CONSULTING



1.0 Introduction 2

-

e Overview of the solution development process including alternatives for basement and surface
flooding solutions; and
e Abackground review of coastal flooding risk and level of service criteria.

The EA Master Plan Report provides a broad summary of the proposed works for this project but is
limited in engineering and scientific details.

1.3 Service Areas
As identified in Technical Report Volume I, the City of Windsor was separated into three major service
areas based on sanitary sewage drainage boundaries which included East Windsor, Central Windsor, and
South Windsor.
The functional design solutions outlined in this report are separated based on the identified service
areas. The recommended solutions detail the proposed works and related costs within each service
area.
Refer to Figure 1.1, which displays the service area boundaries used to separate the drainage areas.

Figure 1.1: City of Windsor - Service Areas
1.4 Level of Service

In order to develop comprehensive long term solutions to address surface and basement flooding, level

\of service (LOS) criteria for the sewer improvements had to be determined. The recommended LOS
CITY OF WINDSOR
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criteria are based on feedback from multiple stakeholders and consultation with the City of Windsor, as
identified in Technical Report Volume Il sections 2.0 and 4.0.

The LOS criteria were recommended for the storm, sanitary, and combined sewer systems for existing
and future development conditions. An adaptive approach was taken to develop functional design
solutions that provide a flexible LOS to account for a reasonable degree of uncertainty due to climate

It is important to note that the recommended LOS criteria be maintained as refinements are made to
the functional design. The City Master Sewer Infoworks model should be used as a tool to confirm that
level of service is maintained.

Table 1.1: Sanitary and Combined Sewer Drainage LOS for Basement Flooding

Consideration

Criteria

Objective

Wet Weather Flow

1:100 Year Storm Event

Sewer hydraulic grade line (HGL) is more
than 1.8 m below existing ground
elevation.

Reduce the risk of basement flooding for
storm events up to and including the
1:100 year storm event for 90% or more
of the houses/buildings within the City.

Table 1.2: Storm Sewer Drainage LOS for Surface Flooding

Consideration

Criteria - Storm Drainage

Objective

Major Storm System

1:100 Year Event

Less than 0.30 m of surface flooding in the
Right-of-Way (ROW), where feasible for
1:100-year storm event for a major
overland drainage system.

Accepted criteria for assessing risks of
property damage.

1:100 Year Event plus 40% Climate
Change

Surface flooding below lowest building
opening elevations where feasible
(modelled as flow-spread not impacting
building footprint), but in particular for any
higher risk uses*; for 1:100-year storm
event + 40% climate change factor for both
volume [1] and intensity [2] and;

Less than 0.30 m of surface flooding in the
ROW for arterial and collector roads.

*Including, but not limited to, hospitals, schools,
day-cares, long-term care facilities, emergency
services, City maintenance facilities, major
roads and transportation facilities.

Provide enhanced/variable level of
service where there is a higher
consequence of surface flooding.

Minor Storm System

1:5 Year Event

HGL is at least 0.3m below ground based
on available outlet receiving capacity; and

No surface flooding under the minor
storm

Ne—
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Consideration Criteria - Storm Drainage Objective

No Increase 1o the HGL downstream

[1] The “Urban Stress Test” storm as defined in the Windsor/Essex Regional Stormwater Management Standards Manual (2018)

would test the resiliency of the storm drainage system under higher volume storm conditions.
[2] It is proposed that a 1:100 year, 4-hour storm with rainfall intensity increased by a factor of 40% would be considered

sufficient to test the resiliency of the storm drainage systems under higher intensity storm conditions

N
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Functional Designs

As a component of the EA Master Plan Report, functional designs for all recommended sewer systems,
detention facilities, pump stations and landform barrier improvements were to be developed. The
functional designs identify the infrastructure improvements required to achieve the target levels of
service for basement, surface and coastal flooding. The functional designs are intended to progress the
designs to a preliminary design level. The preliminary designs detail the required size and general
location of the proposed storm and sanitary improvements and confirm the proposed solutions are
generally feasible. Due to the scope of the project area, there are factors that could not be assessed
when completing the functional designs. For instance, checking potential conflicts with watermains and
third party utilities within any given right of way was outside the scope of this study.

The following section provides an identification of the design criteria and assumptions used as a part of

the functional designs, and what additional information must be confirmed as a part of the detailed
design process.

Existing Information

The functional design of the recommended solutions took into consideration available existing
information within the solution areas, including sewer infrastructure, soil conditions, property
information, and general site topography from City LIDAR information. As previously noted,
size/location information for other right-of-way infrastructures such as watermains and third party
utilities (hydro, gas, telecommunications) was not included as a part of the functional design
considerations. The following sections outline the information that was utilized to complete the
functional design.

Sewer Infrastructure

The existing sewer system information used in the analysis of the functional design solutions was
provided by the City of Windsor in the form of as-built drawings, GIS shapefiles, and the City Sewer
Atlas. This information includes the data available to the design team prior to December 2019 for sewer
types, sizes, inverts, slopes, age of sewers and general alignments of the existing City wide sewer
network.

As can be expected using as-built records and/or digital information as opposed to field surveys, there
are limitations with their use and potential errors or misinformation. During the functional design
process, a number of gaps in information, including missing inverts, invert anomalies, and seemingly
incorrect flow directions were identified. Due to the scope of the proposed works, it was not feasible to
confirm all missing data. Reasonable assumptions were made where recommended solutions

N
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encountered locations with missing data. In the case of missing inverts or pipe sizing, upstream and
downstream pipe data were used to interpolate the missing information.

Soil Conditions

General soils information for the City was determined by reviewing the Ontario Ministry of Agriculture,
Food and Rural Affairs (OMAFRA) soil distributions map and the geotechnical report that was completed
for the project: Geotechnical Review of Selected Sites, City of Windsor Sewer Master Plan (Golder, 2020)
(Appendix J). The majority of the existing soils throughout the City are Brookston Clay and characterized
as having poor natural drainage and very slow infiltration rates. There are smaller regions of Clyde Clay,
Granby Sand and Berrien Sand which also have poor or imperfect drainage. The west waterfront
portions of the City and a section at the south end of the City contain areas of Burford Loam which is
characterized as being well draining with rapid infiltration.

The soil conditions at the proposed outfalls were determined to consist mostly of fill materials which are
not ideal for sewer installations. Initial recommendations for sewer installations at these locations are
outlined in the geotechnical report noted above.

Geotechnical recommendations were outlined in the report based on the available historical and
existing site information. The report details the recommendations for sewer and stormwater
management facility installations in various soil types, new outfall construction and LID implementation.
These recommendations should be reviewed as part of the detailed design process to refine the
functional design solutions.

The information and recommendations provided were sufficient to complete the functional design but
are not recommended to be used for detailed design. A detailed geotechnical site investigation should
be completed for all recommended solutions during detailed design to confirm the findings from the
functional geotechnical design report.

Topography

In general, the topography is relatively flat within the Little River, Turkey Creek, and Detroit River
Watersheds. The topography within the central portion of the City is relatively higher than in the
aforementioned areas. This was confirmed by analyzing existing digital elevation models, LiDAR survey,
and spot elevations from the City Sewer Atlas. Figure 2.1 details general elevations throughout the City.
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ﬁ' 2.0 Functional Designs 9
As shown in Figure 2.1, the East Windsor service area is fairly low lying when compared to the other
service areas in the City. This service area is particularly vulnerable to surface and basement flooding
due to its elevation relative to the surrounding watercourses (Lake St. Clair, Detroit River and Little
River). For this reason, coastal flood protection measures are necessary in addition to storm sewer
improvements. Refer to Section 5.0 for more information on coastal flood protection measures within
the East Windsor service area. It should also be noted that there are low lying areas along the west
boundary of the City along the Detroit River; these areas are also vulnerable to flooding due to their
existing topography. Assessment of the west are of the City is not part of the scope of this study but will
be reviewed under a separate City initiative.

The existing topography was used in the analysis of the functional design solutions to determine if cover
requirements could be met for the proposed sewer improvements. As stated in Section 2.2.5, there are
some instances where minimum cover requirements could not be met based on the size of the
proposed infrastructure and the existing topography. In these locations, road grading changes should
be considered to ensure adequate cover is achieved.

The information gathered for this report was sufficient to complete the functional design but should not
be used to complete a detailed design. As part of the detailed design of the recommended solutions, a
detailed topographical survey should be completed to ensure all land features are accounted for and to
confirm existing ground elevations.

Property Information

The existing property information for the City was compiled from the City of Windsor GIS property
fabric, aerial imagery, and as-built information. The functional design of the preferred solutions utilized
this information to implement improvements within existing City rights-of-way where feasible.

Due to the width of some right-of-ways in the various solution areas and/or the location of the existing
infrastructure within the right-of-way, some proposed improvements were recommended on or near
private property. In these cases, working/construction or permanent easements would be required, or
the City would need to purchase a portion of the lands to facilitate installation of the infrastructure
improvements.

Some existing sewers alignment are on, or cross, what appears to be private property. If improvements
were identified for these sewers, the existing alignments were maintained on private property. Prior to
detailed design, the City should review if existing easements are in place or if additional land
acquisitions or easements are required.

When the various recommended solutions within each service area proceed to detailed design, a
detailed review of the existing property information using legal surveys should be completed to identify
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any discrepancies with the information provided as part of the functional design. This will be needed to
confirm any easements and or property acquisition identified in the functional design solutions.

Design Criteria

2.2.1

The design criteria that was applied for the recommended storm and sanitary solutions was derived
from the road and sewer design guidelines, including the City of Windsor Development Manual (May
2015), the City of Windsor Standard Engineering Drawings (dates vary), the Ministry of the Environment
Design Guidelines for Sewage Works (2008), the Windsor/Essex Region Stormwater Management
Standards Manual (December, 2018), and standard engineering principles and practices. Should
changes to the aforementioned design standards be implemented, the detailed design for
recommended solutions will require updates to meet the current design standards. The following
sections detail the guidelines and development manuals reviewed in order to establish the functional
design criteria.

Storm and Sanitary Sewer Alignments

The City of Windsor Development Manual outlines the preferred location of the storm and sanitary
infrastructure based on typical utility cross sections for various road cross sections. As per the City
Standard Engineering Drawings AS-206A, B, C, and D (Standard Utility Cross-Sections), preferred
locations for storm and sanitary sewers within the right-of-way are provided. The recommended
solutions were designed to satisfy this requirement, where feasible. As the majority of recommended
solutions are within already built up areas where other infrastructures exist, maintaining these criteria
was not necessarily achievable.

Recommended sewer placement/alignments provided were developed without the knowledge of below
grade amenities such as watermains and third party utilities (gas main, telecommunications lines etc.).
During detailed design, the identified sewer alignments may require adjustment as additional
information regarding below grade infrastructure is determined.

There were some instances where the placement of the storm or sanitary sewers within the right-of-way
for the recommended solution was not feasible. Reasons for this included limited existing right-of-way
width, size of proposed sewer improvements, location of existing infrastructure within the right-of-way,
depth of existing infrastructure, or other.

Solutions that have proposed sewers outside of the right-of-way will require private property easements
or property acquisition. Some recommended solutions that are currently identified being placed within
existing rights-of-way may require additional property acquisitions once placement of all roadway
infrastructure is confirmed.
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2.2.2 Maintenance Holes

The design criteria for maintenance holes was derived from the City of Windsor Development Manual
and industry standard sizing guidelines. In most situations, standard precast manholes are proposed;
however, there are locations where larger sewers are required (e.g., Dougall and Eugenie St. East
solution) where manhole tees and/or precast or custom manhole chambers are recommended.

Table 2.1: Maximum Pipe Size for Manholes - Forterra

STZ'-‘L Max. Pipe Size for Straight Through and Right Angles STI?E P TP N S
(mm) i i 9 e I and Right Angles
| . 150
24)90 1500 1500 -~
1200 1800 4 ) 1060

1500

SUxDU 1950 1850
2400

1850 !#-!
a0 | T
3000 BQ

1800

38){00
2400

2400

3800
3000

3000

SBPO
3800

\ Above detail provided in the Forterra Precast - Ontario Price List, February 2020
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Table 2.1 details the typical maintenance hole sizes based on the diameters of the inlet and outlet pipes.
This table was utilized in conjunction with the Table 2.2 below to determine the required manhole sizes
for all the recommended storm and sanitary solutions.

Manhole spacing was generally maximized for functional design based on the proposed storm and
sanitary sewer sizes and the City of Windsor Development Manual standards. Manholes were also
placed at all junctions with side streets/adjoining sewers. A conservative approach was taken for pipe
sizes greater than 1500mm in diameter. Although the City design guidelines permit manhole spacing
greater than 150m, it was assumed that pipe sizes 1500mm diameter or greater would have manholes
spaced a maximum of 150m. Table 2.2 details the maximum manhole spacing as per City of Windsor
Development Manual. Manholes shall be placed in accordance with the City of Windsor design
standards during detailed design.

Table 2.2: Maximum Manhole Spacing
City of Windsor Development Manual - Maximum Manhole Spacing

Pipe Size ' Distance Between Manholes

Up to 675mm dia. 120m

750 mm dia. to 1350mm dia. 150 m

1500mm dia. and above >150 m (Special study required to determine optimum
spacing. City Engineer approval required)

There are instances where storm and sanitary sewer manholes should be lockable to mitigate risk of
manhole lids being displaced by the water pressure of sewer system surcharging during major events.
Areas, where this would be suitable, are rail or roadway crossings where significant surface flooding may
occur (e.g., Walker Road and the CPR Rail crossing).

During sewer and road reconstruction all sanitary manholes shall be equipped with sanitary manhole
rain catchers to prevent potential 1&! into the sewer system. The City should follow manufacturer
guidelines and confirm if vents will be required. Standing water will sit within the catchers after rain
events; therefore, the City will need to include sanitary sewer manholes as part of their mosquito
control program.

Private Drain Connections

Private Drain Connections, or PDC’s, are the service connections from a mainline sewer to private
property. Existing and proposed PDC’s were considered when completing the functional analysis of the
recommended solutions. Based on the City of Windsor Development Manual, storm and sanitary PDC's
were assumed to be 150mm in diameter with a 2% slope projecting from the springline of the sewer
main to the property line. With this assumption, approximate elevations for PDC crossings were
established for the proposed and existing sewers within a given right-of-way. This information was

\utilized to determine potential conflicts with the proposed sewer infrastructure.
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It should be noted that depths, connection points, slopes and sizes of existing PDC’s can vary greatly. It
was assumed that any existing PDC could be connected to the new sewers using the above noted design
criteria. However, alterations may need to be made during detailed design, or construction, once
locations/depths of existing lot PDC’s are determined.

Pipe Sizing and Slopes

2.2.4.1

Storm Sewers

2.2.4.2

As per the City of Windsor Development Manual (May 2015), the minimum pipe size of any storm main
is 300mm in diameter. A majority of the solutions within the three service areas have pipe sizes greater
than 300mm in diameter. There are some instances where 300mm diameter pipes are proposed (e.g., to
function as a flow restrictor to limit the flow outletting from larger trunk sewers or detention facilities,
or replacement of existing 300mm diameter sewers).

All recommended storm sewer solutions are to be smooth walled with a Manning’s n-value of 0.013.
The minimum and maximum velocities within the sewers are to be 0.76m/s and 3.0m/s, respectively per
the Development Manual and the MECP Guidelines. Minimum slopes for storm sewers based on the
size of sewer can also be found in the Development Manual.

Standard pipe sizes were recommended where feasible. There are some instances, specifically with the
larger box culverts, where non-standard sizes were recommended. If during detailed design, and more
site specific information is available, the recommended sewer size can be altered if the model updates
identify no negative impacts.

Sanitary Sewers

The design criteria used for sanitary sewers can be found in the City of Windsor Development Manual
(May 2015). The design criteria include the minimum pipe size, minimum and maximum velocities,
population densities per land use, infiltration and residential sewage flow rates. The recommended
sanitary sewers are to be smooth walled with a Manning’s n-value of 0.013. The minimum and
maximum velocities within the sewers are to be 0.75m/s and 3.0m/s, respectively per the Development
Manual.

Any changes to sewer design criteria during the course of the implementation phase are to be
incorporated into the detailed designs.

For larger trunk sewers, including the proposed in-line storage sanitary sewers, low flow channels
should be considered to be incorporated into the larger sewers to convey dry weather flows.
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2.2.5 Storm and Sanitary Sewer Cover Requirements
Storm and sanitary sewer minimum cover requirements were established based on the City of Windsor
Development Manual Standards. These requirements were utilized to determine if the recommended
solutions achieved the minimum coverage and if potential road grading changes are required to be
implemented in conjunction with the sewer infrastructure improvements.
As per the Development Manual, all storm sewers are to have a minimum of 1m of cover above the top
of the pipe. Sanitary sewers are to have a minimum cover of 2.8m above the top of the pipe. These
values were utilized to check ground cover on all recommended solutions.

2.3 Functional Design Assumptions
Due to the scope of proposed works and the high level nature of the functional design and analysis,
various assumptions were made to streamline the preliminary/functional design process. Design
assumptions used in the development of the recommended functional design solutions include, but are
not limited to, the following:

e Minimum sewer sizing was based upon results of the stormwater and sanitary sewer models
developed as a part of this project;

e Sewer and manhole designs adhere to City of Windsor and Ministry of Environment,
Conservation and Parks design standards;

e Side street sewers will be appropriately sized and connected to the mainline/functional design
sewers;

e  Existing underground infrastructure (i.e., watermain, gas, communications, hydro) will be
replaced, relocated, or deflected if required to facilitate any proposed sewer, stormwater
management facility, or landform barrier installation;

e Combined sewer overflows will be eliminated when the recommended storm solutions are
installed;

e Full road reconstruction (including the installation of roadways, curbs, pedestrian/active
transportation facilities, street lighting, and traffic signals as required) will be completed during
the installation of the recommended functional design solutions;

e All recommended storm and sanitary sewers are to be smooth walled;

e Where feasible, the recommended storm and sanitary solution alignments will generally follow
the existing sewer alignment that is being replaced;

e All known future development areas were assumed to be fully developed;

2.4 Conflicts with Existing Infrastructure

In order to complete the recommended solutions to a functional design level, potential conflicts with
existing sewer infrastructure were reviewed. Proposed improvements were checked in relation to

N
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existing sewer infrastructure, assumed private drain connection locations/elevations, and private
property impacts.

Information regarding the methodology used to complete the conflict checks can be found in the
following sections.

Storm Sewer, Sanitary Sewer, and Combined Sewer Conflicts

The functional design of the preferred solutions took into consideration potential horizontal and vertical
conflicts with existing sewer infrastructure within each solution area.

Various considerations were made to mitigate potential conflicts with existing sewer infrastructure,
including adjustments to proposed alignments to achieve proper horizontal clearance from the sanitary
sewer (as defined by MECP guidelines) and other sewer infrastructure, lowering or raising proposed
sewer inverts or pipe slopes, re-routing sewers along streets with less infrastructure, or re-aligning
existing infrastructure. In many cases, a combination of the above considerations was implemented to
achieve the recommended functional design solutions.

In a few situations in East Windsor, sewer crossing conflicts could not be mitigated through any of the
above noted means. Accordingly, a detail providing guidance on how to address the conflict during
detailed design was developed. Typical Detail 3 (Figure 2.2 in Section 2.5.1), depicts the approved
methodology for addressing sewer conflicts; however, each instance will require review and
confirmation once the site specific information is determined. The instances of anticipated sewer
conflict are identified on the functional design drawings.

During the detailed design of storm and sanitary sewers, sewer sizing and slopes should generally follow
the functional design solution recommendations unless site constraints do not allow it. In these
instances, the recommended sewer sizes and/or slopes can be altered (i.e., circular pipes can be revised
to box culverts) if the minimum required flow rates from the InfoWorks model are achieved. Alteration
of slopes within a specific project area should not fundamentally alter the downstream inverts as
identified on the functional design plans.

The functional design of the recommended sewer improvements assumed replacement of existing
sewers regardless of age. During detailed design, consideration should be given to utilizing the existing
sewers and providing an adjacent/parallel sewer to make up the additional capacity required to meet
the functional design requirements. Sewer inspections would be required to confirm the condition and
potential future life expectancy of the existing sewer(s) to determine if it is a feasible option to maintain
any given run of the sewer. Additionally, other means of sewer improvements could be utilized (such as
trenchless sewer relining) if the capacity and HGL requirements are met.
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The locations of the recommended sewers may be altered during detailed design to better suit site
conditions. Still, they should follow City Standard Utility Cross-Section drawings AS-206A, B, C, and D if
possible. During detailed design, if it is found that sewers cannot be installed within the City owned
right-of-way, discussions with property owners will need to take place to confirm the easement or
property acquisition requirements.

Ground Cover Conflicts

2.4.3

The design criteria detailed in Section 2.2 and the existing City topography was utilized to complete the
ground cover checks on the recommended storm and sanitary sewer solutions as part of the functional
design process. The vertical alignments and associated cover from the top of the recommended sewer
improvements were compared to the existing LIDAR topography to determine the approximate ground
cover.

During detailed design, the cover for all improvements shall be reviewed to confirm that adequate cover
is provided. If it is identified that minimum sewer cover cannot be achieved, other options are available
to achieve the minimum cover, such as replacing circular pipes with arch pipes or box culverts of equal
or greater capacity.

Private Drain Connection Conflicts

As mentioned in Section 2.2.3 of this report, approximate private drain connection (PDC) elevations
were established, and potential sewer conflicts with PDC’s were determined.

To mitigate conflicts with existing and proposed PDC’s, the proposed storm and sanitary sewer solutions
were designed to allow for a minimum 300mm of separation at PDC crossings where feasible. In some
instances, specifically, where proposed sewers had similar inverts to the existing sewers, minimum PDC
cover requirements could not be met. At these locations, a more detailed review of existing PDC
information will need to be completed during detailed design to determine if cover requirements can be
met.

In some instances, a separate local sewer(s) - parallel to the proposed trunk sewer - may be required to
be installed to allow all PDC connections to the sewer system. Some municipalities in Ontario define a
maximum size of the sewer to which a PDC may be connected. At present, the City of Windsor does not
provide specific direction on when a local sewer would be required. For the purposes of this report, it is
assumed that a PDC may connect to any size trunk sewer. However, due to potential crossing conflicts
and/or the depth of the proposed sewer infrastructure, connecting PDCs directly to the larger sewers
may not be feasible or desirable.
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Side Street Sewers

2.4.5

During the functional design of the proposed solutions, side street sewer improvements were not
considered nor identified within the related figures. When developing the detailed designs for the
various solution areas, side street sewer connections must be accounted for, and suitably sized to meet
the City design requirements.

It is recommended that during construction of the proposed trunk sewer improvements, side street
sewer stubs/improvements should be designed and installed to the limits of construction to avoid re-
excavation of the reconstructed roads. The size(s) of the stubs should be confirmed by utilizing the
InfoWorks model that has been developed.

Trunk vs. Local Sewers

2.4.6

The functional design solutions for the various solution areas have a wide range of sewers sizes
proposed. The sewers range from smaller diameter sewers to larger box culverts. It is important to
note the distinction between a trunk sewer and a local sewer. Trunk sewers are generally larger
diameter sewers or box culverts intended to intercept flow from various tributary sewer systems and
convey that flow to an outlet or outfall. Local sewers are generally smaller sewers intended to convey
flow to other local sewers or the larger trunk sewers. Design manuals for some municipalities in Ontario
provide guidance as to what defines a trunk sewer compared to a local sewer. At present, the City of
Windsor does not provide specific direction on when a local sewer would be required. For the purposes
of this report, it is assumed that a PDC may connect to any size sewer, including a trunk sewer.
However, due to potential crossing conflicts and/or the depth of the proposed trunk sewer
infrastructure, connecting PDCs or catch basins directly to the larger sewers may not be feasible or
desirable. In these instances, the installation of a parallel local sewer, which connects to the trunk
sewer downstream, may be necessary to negate any identified connection issues. It should be noted
that the implementation of a local sewer may require additional ROW width to install.

The cost estimates completed for this project do not account for any local sewers. The installation of a
secondary local sewer will likely increase the overall construction costs, although the cost may be
slightly offset by lesser costs for PDC connections. As noted above, the addition of a local sewer may
require additional property acquisition.

During detailed design, discussions with the City will be needed to determine where local sewers may be
warranted in addition to the proposed trunk sewers.

New or Improved Outfalls

As detailed in the functional design figures within Appendix F-1 and Appendix F-2, new or improved
outfalls are recommended to the Detroit River. During detailed design, consideration should be given to

\  the surface and subsurface conditions as well as the natural environment impacts for each site.
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As mentioned in the geotechnical report completed for this project (Appendix J), the installation of
these new outfalls is likely to take place in fill areas. Based on the recommendations from the report,
sewer installations within fill areas are not considered to be acceptable for supporting the proposed
infrastructure. Various solutions are recommended and should be considered during detailed design,
including excavating the unsuitable fill material and replacing with clean engineered fill or supporting
the proposed infrastructure on grade beam type foundations. Cofferdams would likely be required at all
outfall locations to facilitate sewer installation into existing watercourses at the proposed inverts.

The improved outfall locations identified on the functional design figures will require the removal of the
existing outfall and existing upstream sewer infrastructure. Detailed geotechnical investigations at the
proposed outfalls should be completed during detailed design to confirm subsurface conditions and
requirements for infrastructure installation.

Watermain and Utility Relocations

2.4.8

Due to the scale of the proposed works, it was not feasible or cost effective to check for conflicts with
existing watermain or utility infrastructure.

It was determined during the functional design and analysis of the individual solution areas that
watermain and utility relocations and deflections will likely need to take place in conjunction with
proposed sewer installations. As part of the detailed design process, as-built information should be
gathered as well as pre-engineering locates to determine the approximate location of each utility within
the right-of-way. Relocation/replacement of utilities or deflection will likely be required to facilitate the
installation of the sewer improvements.

All relevant utility design standards and guidelines at the time of detailed design should be utilized when
completing the design of the recommended solutions. Coordination with the relevant utility companies
will be required from the detailed design stage through construction completion. Open and frequent
communication with utility companies is crucial as construction lead times vary significantly between
companies.

Relocations of existing watermain and utility infrastructure may require property acquisition or working
easements for installation and maintenance if it is determined that there is insufficient room to
accommodate the relocation within the right-of-way.

Property Impacts

The functional design of the preferred solutions took into consideration potential property impacts
within the various solution areas throughout the City. However, as previously noted, only impacts as
they relate to the sewer and/or flood protection improvement solutions were reviewed. In many

situations the preferred solutions include much larger sewers than presently exist. As a result, other
utility infrastructure may require relocation to permit the sewer installation that in turn may necessitate
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property acquisitions or easements beyond the current right-of-way limits of a given roadway. Any
property impacts as a result of these trickle down utility relocations have not been assessed and are not
included as a part of the functional designs. Additionally, property impacts required as a result of City
required road widenings, sidewalks, trails or bike lanes have not been assessed.

The functional designs were assessed to minimize potential property acquisitions/impacts. Options
utilized to maintain improvements within existing right-of-ways included re-routing sewers to less
constrained right-of-ways and shifting horizontal alignments away from property lines where feasible.

There are various proposed solutions where property acquisition and/or easements cannot be avoided

due to their location within the solution area. Final property impacts are to be determined during
detailed design once all sewer, watermain, utility and road improvements are determined.

Inline Storage System

2.5.1

In-line storage through the use of box culverts is proposed for both the sanitary and storm
recommended solutions. In-line storage refers to the storage of flows such that the peak flow is
controlled to the capacity of the downstream infrastructure (built or natural) and that storage is
maintained within the right-of-way.

For the Windsor sanitary sewer system, wet weather |&| under the 1:100-year event necessitated the
use of in-line storage with a controlled release to the Little River Pollution Control Plant (LRPCP). For the
storm system, in-line storage is used to prevent an increased inflow to Little River as mandated by the
Essex Region Conservation Authority (ERCA).

For the functional design of these in-line storage facilities, three (3) details have been provided that
address outlet controlled flow release, transition sewer that connects two cells of the in-line storage
facility to address conflicts with existing infrastructure, and transition connecting to segments of
conveyance to address similar conflicts with existing infrastructure. The typical details are illustrated in
Figures 2.2 through Figure 2.4 and are summarized below:

Typical Details

Typical Detail #1 — Outlet Control Sewer

The outlet control sewer is designed to limit the flow rate from an inline storage facility/culvert to a rate
that does not exceed the existing or designed capacity of the downstream sewer system or pumping
station. The typical detail is shown in Figure 2.2. The allowable release rate at each location is discussed
in subsequent sections.
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Typical Detail #2 — Control Detail for In-line Storage Facilities, Transition Sewer
Locations where conflicts occur between the proposed inline storage facility/culvert and existing
crossing sewer infrastructure are defined in subsequent sections. For each of these conflicts, a
transition sewer must be provided to convey flows from the upstream cell of the in-line storage facility

to the downstream cell and be of adequate size to mitigate excess heat loss as shown in Figure 2.3.
Sizing of these transitions is to be defined at detailed design.
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Typical Detail #3 — Conflict Detail for Proposed Conveyance Sewers

The functional designs identify locations where vertical conflicts between the proposed and/or existing
conveyance sewer infrastructures occurs. In these instances where conventional design approaches
could not resolve conflicts, smaller transition sewers are required to mitigate conflicts and still maintain
conveyance of flows to the proposed downstream sewer. The transition sewer must be of adequate size
(see Figure 2.4) to convey sufficient flow downstream without negatively impacting the upstream
hydraulic grade line under dry weather conditions. The design flow rate (pipe full capacity) for the
proposed sewer is defined at each location for the appropriate sizing.
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THERE ARE LOCATIONS WHERE CONFLICTS BETWEEN EXISTING SEWERS AND PROPOSED STORM
OR SANITARY CONVEYANCE SEWERS WILL OCCUR. IN THESE SITUATIONS IT WILL BE NECESSARY
TO PROVIDE TRANSITION SEWERS WHICH WILL CONVEY FLOWS FROM ONE SECTION OF THE
SEWER TO THE NEXT. THE TRANSITION SEWERS MUST BE OF ADEQUATE SIZE TO CONVEY THE
EQUIVALENT FLOW OF THE PROPOSED CONVEYANCE SEWER. SECTION X.Y OF THE REPORT
DEFINES THE LOCATIONS OF THE TRANSITION SEWERS TOGETHER WITH THE DESIGN FLOW RATE.
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Stormwater Management Facilities

2.7

The locations of the recommended stormwater management (SWM) facilities should generally follow
the recommendations from the functional design but may be altered slightly to suit site conditions. The
functional designs include inline storage as well as offline storage facilities.

Inline facilities generally consist of oversized sewers within the right-of-way to assist with lowering the
hydraulic grade lines within the sewers to reduce the risk of basement flooding. Offline SWM facilities
are either open water detention ponds or underground detention facilities. In general, the functional
design of offline SWM facilities is proposed on lands that are currently privately owned. Discussions
with the affected property owners will be required during detailed design to confirm easement
requirements, potential property acquisition and City maintenance requirements.

The types of SWM facilities recommended as part of the functional design solutions may be altered
during detailed design to better suit site conditions. Still, they must maintain the required storage
volumes as detailed in Section 4.0 of this report. Tables 4.3 and Table 4.4 detail the required storage
volumes for all the proposed SWM facilities along with the type of facility proposed, property impacts
and related site constraints.

Geotechnical site investigations should be completed at all proposed SWM facility locations during
detailed design to confirm if proposed facilities are suitable based on surface and subsurface conditions.

Low Impact Development Measures (LIDs)

To provide added resiliency to the City storm systems, low impact development (LID) measures were
considered as a source and conveyance controls for the recommended functional design solutions. Low
Impact Development (LID) is a stormwater management strategy that seeks to mitigate the impacts of
increased runoff and stormwater pollution by managing runoff as close to its source as possible. LID
comprises a set of landscape-based site design strategies that minimize runoff. These relatively small-
scale structural practices mimic natural or pre-development hydrology through the processes of
infiltration, evapotranspiration, re-use, filtration and detention of stormwater.

The adoption of LID features in stormwater management has been encouraged through studies over the
last two decades that compare their ability to reduce runoff volumes and enhance water quality using
LID vs the ability of traditional SWM infrastructure. Traditional infrastructure typically involves a storm
sewer drainage network that quickly conveys runoff away from the site or neighbourhood.

As a result of increased runoff volumes and faster hydrologic response times, watersheds that include
significant urban development are prone to an increase in the frequency and severity of flooding events.

These events cause damage to both private property and municipal infrastructure. The increasing
prevalence of urban flooding, sewer backup and water damage has become a significant concern for
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Municipalities and the insurance industry. Water-related losses now account for approximately 32% of
personal property insurance claims. In Ontario, the average cost of a personal water damage claim
increased by 182% between 2000 and 2010 (Aviva, 2011). This can be attributed to Canada’s aging
municipal sewer infrastructure, intensification that increases design flows and risks, and homeowners
investing in basement upgrades. LID practices may have the ability to reduce these costs by attenuating
peak flow rates and decreasing the volume of urban stormwater conveyed to municipal storm sewers (it
is noted that the City of Windsor will be undertaking a comprehensive monitoring program of LID
systems to quantify anticipated local benefits). Reducing the volume and peak flows is especially
important in older communities where development occurred prior to current SWM practices or where
infrastructure deficiencies have been identified.

It should also be noted that LID practices may be beneficial in meeting objectives beyond the field of
stormwater management such as energy/water conservation, reduce-reuse of materials, ozone
protection and reduction of the effects of ‘Urban Heat Island’.

LID infiltration trenches are intended to imitate the natural drainage process and provide relief for the
recommended sewer solutions for the City of Windsor by allowing excess storm water to infiltrate the
ground around the sewers. Bioretention, bioswales, and permeable pavements are alternatives
measures.

Provincial Direction for LID

At present, stormwater management is guided by the 2003 Stormwater Management Planning and
Design Manual (SWMPDM) (MOE, 2003). The focus of this document includes water quantity, water
quality and erosion considerations and the provision of technical and procedural guidance for the
planning, design, and review of stormwater management practices. The focus of the manual was
broadened from its 1994 predecessor to incorporate the current multi-objective approach to
stormwater facility planning to address targets related to hazards, water quality, fish habitat and
recreation.

However, the 2003 SWMPDM has limitations as it relates to the LID. These limitations were noted by the
Ministry with their release in February 2015 of the Interpretation Bulletin — Expectations Re:
Stormwater Management. This bulletin detailed the Ministry’s position, specifically that:

e “The natural hydrologic cycle should be maintained to the greatest extent possible.”

e “Too often, preservation of the natural hydrologic cycle is not sufficiently addressed in
stormwater management plans submitted to the Ministry for an Environmental Compliance
Approval (ECA).”

e “Low Impact Development (LID) is relevant for all forms of development, including urban
intensification and retrofit.”
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e “Going forward the Ministry expects that stormwater management plans will reflect the findings

of the watershed, subwatershed, and environmental management plans, and will employ LID in
order to maintain the natural hydrologic cycle to the greatest extent possible.”

The Interpretation Bulletin is a precursor to the development of the Ministry Low Impact Development
Planning and Design Guide (LID SWMGM), a companion document to the 2003 SWMPDM. The 2003
SWMPDM will still be used as the ‘standard’ for the end of pipe stormwater management criteria and
design recommendations while the new LID SWMGM will provide volume control requirements for
source and conveyance LID controls. The DLID SWMGM is anticipated for release in 2020-21. The current
Draft Manual to date has not been released publically but has been released in Draft by the MECP for
comment to the smaller Stakeholder Review Group (SRG). In its current version, the Draft LID SWMGM
and is expected to provide volumetric control targets (Runoff Volume Control Target — RVCT) to consider
where there are no local studies to set criteria. These voluntary targets (noted as voluntary in the
current draft) and the use of LID approaches may be considered for new development, infill and
redevelopment as well as linear (ROW) projects. Key elements of the LID SWMGM are detailed below:

e On-site control of runoff generated from the regionally specific 90" percentile rainfall event is
expected to be the basis of the RVCT. The City of Windsor, in the absence of local study criteria,
can be expected to have an RVCT of 30-32mm (based on the draft 2020 LID SWMGM Figure 2.5)

e The pre-development water balance (i.e., at the project onset or a natural undisturbed
condition) should be maintained or restored (i.e., match the pre-development infiltration volume
on an annual basis based on a site-specific assessment, acknowledging that evapotranspiration is
variable pre to post-development and that full control may not always be possible).

e Quantity control may be managed partially on-site primarily through the use of LID stormwater
controls via the hydrologic processes of infiltration and evapotranspiration as well as re-use and
filtration, offsetting detention volume needs.

e Control is anticipated to be required using the hierarchical design process (Figure 2.6).

Beginning with better site design practices, the hierarchical approach focuses on the application
of measures to achieve the target. It begins with retention (infiltration, evapotranspiration and
re-use), followed by LID filtration, and then conventional stormwater management.

e Projects which are composed of construction or reconstruction of only sanitary systems and that
do not include a significant change to the right-of-way are not considered linear development for
the purposes of the Draft LID manual.

e Retrofits involving retrofits of new and/or reconstructed municipal stormwater infrastructure
within an existing urban area that is not considered a development, redevelopment or linear
development project, are encouraged to achieve volume control to the maximum extent
possible.
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Figure 2.5: Draft Regionally Specific 90th Percentile Runoff Volume Control Target (source 2020 LID SWMGM)

e Control Hierarchy Approach 1 (Retention) — LID retention technologies which utilize the
mechanisms of infiltration, evapotranspiration and or re-use to recharge shallow and/or deep
groundwater; return collected rainwater to the atmosphere and/or re-use collected rainwater
for internal or external uses respectively. The target volume is controlled and not later
discharged to the municipal sewer networks (with the exception of internal water re-use

CITY OF WINDSOR

activities) or surface waters and did not; therefore, become runoff. Water balance requirements
can be met using retention technologies within Approach 1 of the mandatory control hierarchy.
Approach 1 is suitable for high permeability soils.

Control Hierarchy Approach 2 (LID Volume Capture and Release) — Low Impact Development
filtration technologies which utilize filtration to filter runoff using LIDs with appropriate filter
media per the LID Stormwater Planning and Design Guide (2010, v1.0 as amended from time to
time). The controlled volume is filtered and released to the municipal sewer networks or surface
waters at a reduced rate and volume (a portion of LID Volume Capture and Release may be
infiltrated or evapotranspirated). Approach 2 is suitable for medium and low permeability soils.
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e Control Hierarchy Approach 3 (Other Volume Detention and Release) — Other stormwater
technologies which utilize filtration, hydrodynamic separation and or sedimentation (i.e. end-of-
pipe facilities) to detain and treat runoff using an appropriate filter media per industry standard
verification protocols; separate contaminates from runoff; and/or facilitate the sedimentation
and removal of contaminants respectively. The controlled volume is treated and released to the
municipal sewer networks or surface waters at a reduced rate. Approach 3 can be used for all

soil types.
Steps for Applying the Runoff Volume Control Target Hierarchy
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management planning and design,
pre-submission consultation, design
charrette, as appropriate o
-
Review key objectives of stormwater
management(s.1.3)
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Figure 2.6: Basic Steps of the Runoff Volume Control Target Hierarchy (source 2020 LID SWMGM)

e [tisalsoimportant to note that the LID SWMGM has been developed with flexibility, in that
some sites may not be required to meet their respective RVCT volume depending on the
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presence of specific constraints. Property constraints which may result in the permission to
deviate from the above prescribed volume targets include but are not limited to the following
(Table 2.3):

Table 2.3: Site Constraints that may result in the application of alternatives to the prescribed volume targets
(source: 2020 Draft LID SWMGM)
Site Constraints

a) Shallow bedrockt and Karst;

b) High groundwater® or areas where increased infiltration will result in elevated groundwater levels which
can be shown through an appropriate area specific study to impact critical utilities or property (e.g.,
susceptible to flooding);

c) Swelling clays or unstable sub-soils;

d) Contaminated soils (e.g., Brownfields);

e) High Risk Site Activities including spill prone areas;

f) Prohibitions and or restrictions per the approved Source Protection Plans and where impacts to private
drinking water wells and/or Vulnerable Domestic Well Supply Areas cannot be appropriately mitigated;

g) Flood risk prone areas or structures and/or areas of high inflow and infiltration (I/1) where wastewater
systems (storm and sanitary) have been shown through technical studies to be sensitive to groundwater
conditions that contribute to extraneous flow rates that cause property flooding/sewer back-ups and where
LID BMPs have been found to be ineffective;

h) For existing Linear infrastructure where reconstruction is proposed and where surface and subsurface areas
are not available based on a site-specific assessment completed by a qualified person.

i) For developments within partially separated wastewater systems where reconstruction is proposed and
where based on a site-specific assessment completed by a qualified person can be shown to:

1. Increase private property flood risk liabilities that cannot be mitigated through design,

2. Impact pumping and treatment cost that cannot be mitigated through design,

3. Increase risks of structural collapse of sewer and ground systems due to infiltration and the loss of pipe
and/or pavement support that cannot be mitigated through design,

j) Surface water dominated or dependant features including, but not limited to, marshes and/or riparian forest
wetlands which derive the all or a majority of their water from surface water, including streams, runoff, and
overbank flooding. Surface water dominated or dependant features which are identified through approved
site specific hydrologic or hydrogeologic studies, and/or Environmental Impact Statements (EIS) may be
considered for a reduced volume control target. Pre-consultation with the MECP and local agencies is
encouraged;

k) Existing urban areas where the risk to water distribution systems has been identified and substantiated by a
qualified person through an appropriate area specific study and where the risk cannot be reasonably
mitigated per the relevant design guidelines;

[) Existing urban areas where the risk to life, human health, property or infrastructure has been identified and
substantiated by a qualified person through an appropriate area specific study and where the risk cannot be
reasonably mitigated per the relevant design guidelines;

m) Water reuse feasibility study has been completed to determine non-potable reuse of stormwater for onsite
or shared use. Potable reuse may be considered on case specific basis.

Footnote: t May limit infiltration capabilities if bedrock and groundwater are within 1m of the proposed facility invert per Table
3.4.1 of the LID Stormwater Planning and Design Guide (2010, V1.0 or most recent). Detailed assessment or studies are
required to demonstrate infiltration effects and results may permit relaxation of the minimum 1m offset.
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This change in provincial direction will require the consideration of LID source and conveyance controls
for future developments including roads projects. The LID SWMGM encourages the development of
holistic studies to assess LID implementation opportunities and constraints for linear infrastructure
projects:

“Owners (municipalities and agencies) are encouraged to comprehensively and holistically
assess stormwater and LID implementation opportunities and constraints within their respective
rights-of-way networks and public properties to improve cost effectiveness, environmental
performance and overall benefit to the receiver and the community.” The Draft LID SWMGM
supports “planning level studies [which] align planned or forecasted capital or maintenance
works within linear developments following a Class Environmental Assessment approach that
transparently considers Social, Environmental, Financial, and Technical considerations”
consistent with the manual and the supporting resources.

2.7.2 Potential LID Approaches
The following subsections summarize the typical LID features that can be adopted in both the right of
way and park locations across the City of Windsor, including how they function and their typical
application.
2.7.2.1 Right-of-Way LID Practices

Descriptions of the various LID options that may be feasible for the implemented in the Right of Way
(ROW) within the City of Windsor are presented below. The sizing for any proposed LID measure will have
to be reviewed during the detailed design stage to determine the amount of potential benefits that may
be achieved from these measures. The results of the planned City LID pilot projects should be
continuously reviewed to update local design criteria and provide a better understanding of the potential
benefits and cost effectiveness.

Bioretention

As a stormwater filtration and infiltration practice, bioretention temporarily stores, treats and infiltrates
runoff. The primary component of the practice is the bioretention soil media. This component is
comprised of a specific ratio of sand, fines and organic material. Another important element of
bioretention practices is vegetation, which can be either grass or a more elaborate planting
arrangement. Depending on the native soil infiltration rate and site constraints, bioretention practices
may be designed without an underdrain for full infiltration or with an underdrain for partial infiltration.

Bioretention Bump Outs

Bioretention bump outs are bioretention areas that extend into the roadway and are separated from
the paved ROW by perimeter curbing. Bump outs can be used for traffic calming and can be arranged to
allow for adjacent on street parking. They are a very flexible LID retrofit and can be constructed during

\_ road resurfacing, road construction, or road reduction projects. The location, size and spacing of
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bioretention bump outs can be adjusted as needed to meet existing roadway conditions. It is possible to
design these practices, so the existing curb and inlets remain in place or repurposed.

Bioretention bump out (Hamilton, ON)

Boulevard Bioretention

Boulevard bioretention consists of shallow vegetated depressions located immediately behind the curb.
For streetscapes with sidewalks, these units are located between the curb and inside sidewalk edge. In
residential areas that do not have sidewalks, these cells are located on the municipally owned portion of
the boulevard. Curb cuts typically direct road drainage to a bioretention cell, though other inlet types,
such as side inlets, can be configured to meet site needs. The size and shape of boulevard units are
flexible to accommodate site specific constraints.

Boulevard Bioretention (Mississauga, ON)

Bioretention Planters

Bioretention planters have vertical sidewalls and are often narrow and rectangular in shape. The walls
allow planters to maximize the amount of stormwater retention within a small footprint.

The self-contained structure of bioretention planters permits them to be installed in close proximity to
utilities, driveways, trees, light standards and other urban features. They can be constructed
immediately adjacent to the roadway, in the boulevard, or as a green feature within the pedestrian area
(i.e., sidewalks and pathways). Given these characteristics, bioretention planters are ideal for integrating
\within highly urbanized streetscapes or within ROWs with space constraints. Planters are an ideal means
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to address multiple objectives in urban streetscapes, including street greening, improved aesthetics, and
stormwater management benefits.

Bioretention Planter (Kitchener, ON)

Bioswales

Bioswales are vegetated open channels designed to convey, filter, and attenuate stormwater runoff.
Similar to bioretention units, they also promote infiltration to the native soil reducing stormwater
contributions to the municipal storm sewer. A unique feature of bioswales, when compared to
conventional vegetated swales, is the bioretention soil media, granular storage layer, and optional
underdrain components (which can replace a traditional storm sewer). Depending on the desired
neighbourhood aesthetic, bioswales can be vegetated with grass for a traditional streetscape or can be
planted with a variety of shrubs, grasses and flowers for a garden-like visual.

Bioswale (Newmarket, ON)

Perforated Pipe Systems

Perforated pipe systems are long infiltration trenches designed for both conveyance and infiltration of
stormwater runoff. These stormwater conveyance systems are composed of perforated pipes installed
in gently sloping granular stone beds lined with geotextile fabric that allows infiltration of runoff into the
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gravel bed and underlying native soil. Perforated pipe systems can be used in place of conventional
storm sewer pipes where topography, water table depth, and runoff quality conditions are suitable. The
systems can be installed as a single larger diameter perforated pipe beneath the roadway surface or as
two (2) parallel smaller diameter pipes beneath a shallow swale beneath the boulevard area (see typical
layout below).

With most perforated pipe designs, the streetscape remains largely the same as conventional curb-and-
gutter. Due to their simple design, perforated pipe systems require very little maintenance and have a
proven track record in Ontario for over 25 years.

Permeable Pavement

Permeable pavement includes pervious concrete, porous asphalt and permeable interlocking concrete
pavers. Permeable pavement can be used in place of conventional asphalt or concrete pavement. These
alternatives contain pore spaces or joints that allow stormwater to pass through to a stone base for

\infiltration into underlying native soil or temporarily detained. For best results in ROW applications,
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permeable pavement should be limited to areas subject to light vehicle traffic, including parking lay-bys,
shoulders, sidewalks, cycle paths, and pedestrian areas as well as laneways. Use in heavy traffic areas is
not recommended—these materials don’t currently wear as well as conventional asphalt or concrete.
Given the need for the appropriate underlying infrastructure, permeable pavement cannot be
incorporated into road resurfacing projects. Instead, permeable pavement retrofits are best suited for
reconstruction projects.

Permeable Pavement Laneway

Park Spaces and LID Integration

Parks are essential components of any sustainable community. Parks offer opportunities for the public
to interact with unique cultural and natural resources in a safe environment. LID stormwater practices
can be implemented in parks of all shapes and sizes from complex urban trail systems to urban
parkettes. Municipal parks can generally be broken down into areas of passive and active use. Passive
areas emphasize the natural and open space components of the park. These areas may include trails,
benches and picnic areas. Typical operations and maintenance activities in passive use areas are often
limited to mowing and trash removal. Active use areas include sports fields, pools, splash pads, skate
parks, skating rinks, and municipal beaches. It is possible to integrate LID stormwater practices into both
passive and active use areas, though active use areas may require additional effort, including extensive
consultation with stakeholder groups.

Municipal parks offer excellent opportunities for implementation of LID SWM measures. Hard surfaces
such as parking lots and internal roadways and paths are the most obvious areas to target. On municipal
park properties, hard surfaces are usually located adjacent to pervious areas such as lawns, gardens or
naturalized areas. Where grading allows, bioswales and bioretention areas can be constructed in these
areas. Parking surfaces and internal roadways can also be designed as infiltration systems utilizing
permeable pavement above a granular reservoir. Paved pedestrian pathways may also be constructed of
permeable pavement to reduce runoff volumes and encourage onsite infiltration. Perforated pipes are

N
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another viable option on many park sites as an alternative to conventional conveyance systems and to
encourage infiltration. These pipes can also be used as conveyance features between other LID features.

Compared to other land uses, parks present the fewest physical constraints to LID implementation.
Underground utilities are rarely a problem, and the ponding of water on the surface of LID practices can
be designed not to cause public safety concerns or interfere with site functions. As with all land uses,
site specific constraints such as grading or a high groundwater table may exist. The following table
summarizes typical park zones and the applicability of common LID practices within each.

The unique nature of each park in terms of their available space, layout of features, grading, and active
uses requires site-specific LID solutions. Noting this, the following example illustrates the LID concept
plan for Tranby Park in Windsor (Figure 2.7). The concept plan shows a typical approach that can be
adapted to strategically implement LID practices without causing significant disruption to the active use
areas and existing park features. The plan includes a LID permeable pavement parking lot, LID grass
swales and a conventional Dry Pond with subsurface storage and infiltration.
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Figure 2.7: Concept Plan of LID Layout for Tranby Park in the City of Windsor.

Implementation of LID Features

N

The following sections describe the various implementation considerations for LID features related to
geotechnical considerations and design guidance.
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Geotechnical Considerations

The Geotechnical Review of Selected Sites, City of Windsor Sewer Master Plan (Golder Assoc. Ltd, April
2020) was prepared to support the functional design for the City of Windsor Sewer and Coastal Flood
Protection Master Plan. It has provided a high level overview of the geotechnical considerations for LID
techniques as it relates to the suitability of the soils at various locations and the use of perforated pipes
(or as referenced within exfiltration trenches). Relevant points are included below:

e The suitability of the soils at the various locations to provide drainage for exfiltration trenches is
dependent on several soil properties, including the soil gradation, density, clay percentage,
mineralogy of the clay portion, plasticity characteristics of the soil and organic content.

e The predominant silty clay soils encountered at the project locations will have low permeability
are not well suited for exfiltration trenches

e Where encountered, sands will have a relatively medium permeability, with silty sands having a
medium to low permeability and may be suitable depending on the required exfiltration rates.

Notwithstanding the foregoing, per the Interpretation Bulletin: Ontario Ministry of Environment and
Climate Change Expectations Re: Stormwater Management (February 4, 2015), several areas of existing
Ministry Guidance (including the 2003 SWMPDM) are identified as requiring improvement, including
regarding the stated minimum infiltration rates for source and conveyance control LIDs. Rather than a
set cut-off point for infiltration based LIDs, the current approaches recognize that provided LIDs
incorporate the appropriate runoff storage volumes, empty within inter-event periods and are
otherwise appropriately sited, designed, monitored and maintained (similar to all other stormwater
management facilities), there should be no impediment to the application of infiltration technologies, in
all soils type, for the realization of runoff volume reduction, water quality improvements and
maintenance of the water balance. Effectively, there is no minimum native soil infiltration rate for the
implementation of LID, provided the native soil infiltration rate is > Omm/hr. Should the in-situ native
soil infiltration rates be less than 15mm/hr, the Low Impact Development Stormwater Management
Planning and Design Guide (wiki.sustainabletechnologies.ca) recommends that an underdrain be
required and, the LID shall be a ‘partial-infiltration’ design. In the use of perforated pipe systems, an
underdrain is not required as the perforated pipe acts ad both the conveyance system the underdrain.

Additional information related to geotechnical and field investigations is described below.

Geotechnical Investigations

These studies would be focused on the local soils information gathered through subsurface geotechnical
investigations and undertaken for the purposes of the design of LID infiltration techniques.

Geotechnical investigations are necessary to support the design of most LID practices. However, the
scope of work will vary depending on the selected LID practice. The resolution of the investigation (i.e.
guantity and spacing between boreholes) will vary from site to site and between LID practices.

\ " Resolution of the borehole investigations should be such that sufficient information is collected for
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detailed design purposes. Table 2.4 below provides a summary of the geotechnical investigation
activities which are necessary for the detailed design of select LID measures.

Table 2.4: Geotechnical Investigation Activities for LID Practices Implemented within the ICI Lands

44

LID Practice Geotechnical Investigation Activities
Borehole Piezometers/ Laboratory Soil | Soaked CBR Test
Monitoring Testing or Resilient
Wells Modulus
Permeable Pavements ° ° ° °
Bioretention ° ° °
Bioswales ° ° °
Soakaway Pits ° ° °
Infiltration Chambers ° ° °
Perforated Pipe Systems ° ° °
Rainwater Harvesting ° °
Prefabricated Sub-surface ° °
Infiltration systems or
modules

Piezometer/Monitoring Wells

Monitoring wells typically consist of 50mm diameter piezometers or wells installed to depths ranging
from 2.5-4.5 meters and encased within a flush mount or above ground, lockable, steel housing.

Monitoring wells are installed to determine the pre and post construction seasonal high-water table and

groundwater flow direction. Monitoring wells may be implemented when available data from
background documentation or previous investigation is not available. The Low Impact Development
Stormwater Management Planning and Design Guide Version 1.0 (CVC, 2010) has design criteria
regarding groundwater clearance requirements for LID practices.

Geotechnical Laboratory Soil Testing

Soils samples collected as part of geotechnical investigations characterize the soil properties, including
natural moisture content, plasticity characteristics, particle size distribution, and analytical results for
contaminates. It is beneficial if geotechnical investigations include recommendations regarding soil
disposal alternatives.

e Soaked California Bearing Ratio (CBR) or Resilient Modulus - Soaked CBR or resilient modulus
only required for the design of permeable pavement. Geotechnical investigations must include
recommendation for base and sub-base requirements and other measures required to ensure
adequate structural strength such as compaction or geosynthetic requirements. The Low Impa
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Development Stormwater Management Planning and Design Guide Version 1.0 (CVC, 2010)
provides detailed design requirements for permeable pavement.

In-Situ Hydraulic Conductivity Testing

Insitu infiltration testing characterizes the hydraulic conductivity properties of the existing native
material on-site. On-site infiltration testing using the Guelph Permeameter test or another suitable
approach to determine the in-situ field saturated hydraulic conductivity, and the design infiltration rate
per the LID Stormwater Planning and Design Guide Version 1.0 (CVC, 2010) is required. Testing should
be performed within the approximate location and invert of proposed LID practices and should include
an appropriate safety factor.

2.7.3.2 Design Guidance
For the detailed design of the preferred LID practices within the City of Windsor, the following
documents should be consulted:
e Windsor Essex Stormwater Management Standards Manual (December 2018)
e Low Impact Development Stormwater Management Planning and Design Manual, Version 1.0
(CVC/TRCA, 2010) or Wiki Document (wiki.sustainabletechnologies.ca)
e American Society of Civil Engineers (ASCE) has developed a guidance manual entitled ASCE/
T&DI/ ICPS 68-18 Permeable Interlocking Concrete Pavement (North American Standard) (2018)
e NSC/CSA W201 Construction of Bioretention Systems - Canadian Standards Association (CSA)
(2018)
e NSC/CSA W200 Design of Bioretention Systems - (2018)
e Low Impact Development Planning and Design Guide (LID SWMGM) - Pending
e Stormwater Management Planning and Design Manual (MOE, March 2003).
2.7.4 Capital Costs

The most cost-effective means of implementing LID practices in the municipal right-of-way is to
complete the construction concurrent with municipal road works projects. The opportunity to
incorporate conveyance control measures often surfaces with redevelopment pressures (which require
replacement of the infrastructure) or replacement due to deteriorating condition of the infrastructure.
In the latter case, replacement of the drainage infrastructure may well occur as part of the overall
reconstruction of the roadway.

The capital cost for the implementation of perforated pipe systems in the City of Windsor is estimated
to be $400/ linear meter (Additional costs per lin.m for LIDs).

Table 2.5 summarizes the cost to construct various LID conveyance control measures as part of
reconstruction projects in comparison to conventional storm sewer infrastructure. Costs are provided in

\_ both $/m2 and $/m of roadway.
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Table 2.5: Estimated Construction Costs for Conveyance Control Measures

Treatment Measure Unit Construction | Unit Cost per lin. m of roadway as part of Road
Cost Reconstruction*
($/m? of facility) $/m? $/m®
Road Surface n/a $325°6 $2,730
Conventional Storm Sewer n/a $100-1204 $840-1,008
System
Bioretention $600 - $750 $1351 $1,134
Bioswales $300 - $375 $140-1752 $1,176-1,470
Perforated Pipes $400 $95-120°3 $798-1,008
(assumed 2m wide trench)

1EIm Dr., 2Lakeview Road Retrofit, 3Estimated from the Lakeview Road Retrofit, 4 Calculated conventional systems for Lakeview
Road Retrofit, 5 Assumes an 8.4m road width, 6 City of Mississauga unit cost for road resurfacing and reconstruction —
reconstruction unit costs ($325/m2) include the cost of installation or replacement of traditional storm sewers ($100-120/m2).
* Stormwater unit costs are interchangeable within the road reconstruction estimate of $325/m2.

i.e. Reconstruction using perforated pipe system:

$325/m? - conventional storm sewer system cost (avg) + perforated pipe system cost (avg) = $323/m?

Operation and Maintenance Considerations and Costs

Routine maintenance, rehabilitation, and repairs are required through a project’s lifecycle to keep LID
practices performing their intended stormwater function. These lifecycle activities must be considered
when determining if a LID practice can be sustainably integrated in a ROW or municipal park project.

A summary of Operation and Maintenance considerations for the aforementioned potential LID
practices is provided in Table 2.6 below.

Table 2.6: Summary of Maintenance Requirements for Preferred LID practices
LID Technique Maintenance Requirements Notes:

Exfiltration Regular Maintenance (Annual) To ensure perforated piping does not
Trench/Perforated | Vacuum debris from catch basins become clogged with sediment or debris,
Pipe Replace damaged or missing grates catch basins should be cleaned annually or

a pre-treatment device (CB Shield™ or

Long-term equivalent should be installed).

Perforated pipe clean out (if required)
Should clogging occur, clean debris from
grating, catch basins, and perforated pipe
using high pressure sprayers or vacuum

N
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LID Technique

Maintenance Requirements Notes:

Bioretention/
Bioswales

Post Installation (1% 6 months)
Inspection after each storm >10mm or
min. of twice

Irrigate until established (weekly for 15t yr
and bi-weekly for 2" year; as needed
based on rainfall)

Lost plants should be re-planted to
maintain desired plant density

Core aerating or deep tilling may be
required to alleviate clogging due to fines
accumulation

Annual

Inspect each spring and events >60mm
Replace mulch as required

Reinforce planting as required

Regular

Integration into existing landscape
maintenance program (additional training
required)

Permeable Pavement

Post Installation (1% 6 months)
Inspection after each storm >10mm or

Post signs the site identifying permeable
pavement areas and discourage storage of

min. of twice soils, dumping, heavy vehicle use etc. (can
compact debris into voids). No
Regular construction traffic or material storage on

Surface cleaning - Integration into
existing street sweeping/vacuuming
programs

the finished surface).

Use only HPB bedding stone as winter
aggregate if necessary

Operation and Maintenance Costs

A summary of Operation and Maintenance cost for the aforementioned potential LID practices is
provided in Table 2.7 below.

Table 2.7: Estimated 0&M Costs for LID Conveyance Control Measures

LID Technique

Maintenance Costs

Exfiltration
Trench/Perforated
Pipe

O&M costs for exfiltration trench/perforated pipe systems is comparable to the 0&M
costs for conventional storm sewers. However, exfiltration trenches do not typically
have the same service life expectancy as a traditional storm sewer.

Annual catch-basin cleaning costs are estimated to range from $61 to $82 per CB
(average $68/CB)

Bioretention/
Bioswales

O&M costs for turf covered bioretention facilities and or bioswales would be
comparable to regular turf maintenance activities (mowing activities etc.) for the
municipal undertaking at $250/ha

O&M costs for bioretention facilities and or bioswales planted with ornamental
perennials and grasses is comparable to medium to high level of standard Horticulture
Bed maintenance costs including all labour and equipment costs of $7/m?/visit

NI
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LID Technique

Maintenance Costs

assuming a three (3) hour maintenance period. The level of maintenance can be
divided into two (2) levels of service:

e  Minimum O&M - three (3) maintenance visits after contractor warranty and
establishment corresponding to Spring Clean-up, Mid-season and Fall Clean-up
which is estimated to have a cost of $21.50/m?/year

e High O&M - ten (10) scheduled maintenance visits (every 3 weeks) which is
estimated to have a cost of $71.50/m?/ year.

Assuming a 3m wide facility, an annual maintenance cost of approximately $7/linear
meter and $23/linear meter for the Minimum O&M and High O&M conditions
respectively can be anticipated.

Permeable Pavement

O&M costs include annual inspections, replacement of selected pavers, and periodic
cleaning and is estimated to cost on average $0.43 to $0.44/m? per year

N
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Sanitary Sewer Functional Design Solutions

East Windsor Sanitary System Solutions

The recommended sanitary system solutions for East Windsor were warranted due to insufficient
capacity of the existing sanitary sewer system and the high potential for basement flooding. Solutions
for the areas with a higher potential for basement flooding are detailed in the following sections. It
should be noted that each solution detailed below should be implemented in conjunction with the
source control measures as identified in Section 7.0, where feasible.

In East Windsor, all sanitary flows are directed to the Little River Pollution Control Plant (LRPCP). The
LRPCP also serves as the treatment plant for the majority of the Town of Tecumseh. Appendix E
(Technical Report Volume 1), Section 2.3.1 summarizes the constraints of the existing treatment capacity
of the plant. The treatment capacity of the LRPCP is limited to 1.16 m3/s with a pumping station
capacity of 2.6 m3/s. Much of the existing modelled wet weather flows into the LRPCP contain
significant amounts of stormwater from the east combined area, and 1&I from connected foundation
drains and monitored I&I from newer developments in East Riverside. This combination of limited
treatment capacity and significant amounts of Rainfall Derived Inflow and Infiltration (RDII) has resulted
in multiple bypasses at the LRPCP (17 occurrences of overflows into Little River in 2017).

The preferred alternative addresses both the RDII component (sewer separation and reduction of I1&l
from private property under fully developed conditions) and the treatment plant capacity constraint
through an increase in the PCP pumping and treatment capacity of 5.2 m%/s.

The LRPCP drainage area contains five (5) sub-drainage areas where flows enter the LRPCP through five
(5) locations and shown on the key plan per Figure 3.1. Each of the drainage areas represents sanitary
flows plus wet weather flow I&I to the LRPCP.
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Figure 3.1: East Windsor Sanitary Drainage Area and Infrastructure Location Key Map
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The preferred alternative comprises of in-line storage of wet weather flows upstream of the LRPCP and
control of the release rates from each of the five (5) sub-drainage areas shown on Figure 3.1 per Typical
Detail #1 (Figure 2.2). Other locations where potential conflicts between large conveyance-type sewers
and existing infrastructure exist use Typical Detail #3 (Figure 2.4) as identified in Figure 3.1.

Table 3.1 below summarizes the location and preferred alternative release rates for each of the five (5)
East Windsor drainage areas to the LRPCP.

Table 3.1: Preferred Release Rates to LRPCP from the 5 Sanitary Sub-drainage Areas

LRPCP Drainage Location US Node ID Typical Release Rate or
Area Detail Conveyance
Capacity (m*/s)
1 — Martinique Riveriside Dr. at 6SP9S990PS #1 (outlet to 0.52
Claireview PS wet well. existing pipe)
2 - Wyandotte Wyandotte St. at 65501 #1 (outlet to 0.48
Rholaine Dr. existing pipe)
3 - Jerome Jerome St. at Riverdale | 652246 #1 (outlet to 0.42
Ave. existing pipe)
4 - Edgar Little River Rd. at 653429 #1 (outlet to 0.45
Lexington Crt. existing pipe)
5 — Aspenshore / Beverly Glen at the 652036_NSNP5 #1 (outlet to 0.65
Beverly Glen plus west side of North existing pipe)
Town of Tecumseh | Neighbourhood Pond
Aspenshore at the west | 652050 #1 (outlet to 3.10
side of North existing pipe)
Neighbourhood Pond
LRPCP Total Flow 5.20

Within LRPCP Drainage Areas 1 (Martinique), 4 (Edgar) and 5 (Aspenshore / Beverly Glen), are additional
functional design typical details associated with in-line storage tank outlets (Typical Detail #1), with
associated release rates and conflict details (Typical Detail #3), where the equivalent upstream flow

capacity is to be maintained through the conflict zone. The location and details are summarized in Table
3.2 below as well in the associated functional design drawings.
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Table 3.2: Typical Details Associated with In-line Storage Outlet and Conflict Infrastructure

LRPCP Drainage Location US Node ID Typical Detail | Release Rate
Area or Conveyance
Capacity
(m3/s)
1 — Martinique Claireview Ave. at 654158 #3 (Conflict 1.67
Lauzon Rd. Conveyance
Connection)
4 - Edgar South National west of 758 #1 (outlet to 0.29
Ferndale Dr. existing pipe)
South National east of 751271 #1 (outlet to 0.65
Ford Blvd. existing pipe)
Jefferson Blvd. and 755677 #1 (outlet to 0.29
Tecumseh Rd. existing pipe)
5 — Aspenshore / Greenwood Dr. 652022 #3 (Conflict 0.92
Beverly Glen Conveyance
Connection)
Little River Blvd. 754225 #3 (Conflict 0.92
Conveyance
Connection)

Appendix F-1 provides functional design details for each of the proposed alternatives for all drainage
areas as per the East Windsor Sanitary Key Map along with sewer size, length and total in-line storage
volume for each drainage area. The tables at the beginning of Appendix F-1 references the functional
design drawings associated with each alternative along with the drawing reference.

It should be noted that each solution detailed should be implemented in conjunction with the source
control measures as identified in Section 7.0, where feasible.

South Windsor Sanitary System Solutions

In South Windsor, all sanitary flows are directed towards the Lou Romano Water Reclamation Plant
(LRWRP). Appendix E (Technical Report Volume I1), Section 2.3.2 summarizes the constraints of the
existing treatment capacity of the plant. During extreme weather events, there is a significant amount
of rainfall derived inflow and infiltration (RDII) within the existing sanitary system. The treatment plant
does not have sufficient capacity to treat these excess flows during large rain events. Because of this,
the inflow is throttled to prevent damage to the plant. This leads to backups within the existing sanitary
system, which can contribute to basement flooding.
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The recommended sanitary system solutions for South Windsor were warranted due to insufficient
capacity of the existing sanitary sewer system and the high potential for basement flooding. Appendix

F-1 provides functional design details for each of the proposed solutions, including label codes, sewer
sizes, lengths, and description of works.

It should be noted that each solution detailed should be implemented in conjunction with the source
control measures as identified in Section 7.0, where feasible.

Central Windsor Sanitary System Solutions

The majority of the sewers in the Central area are still combined systems or dual manhole systems. As
such, storm and sanitary flows will combine under normal and/or high flow conditions. In order to
comply with MECP guidelines regarding sewer separation and to reduce the risk of basement flooding, it
is recommended that all combined and dual manhole systems be separated as a component of this
study.

Figure 3.3 identifies the Central area and the approximate boundaries for dual manhole areas.
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Storm Sewer Functional Design Solutions

The Preferred Alternatives for surface flooding solutions considers both the regional alternatives to
satisfy the 1:100-year level of service and local solutions for major roads and sensitive infrastructure to
satisfy the 1:100-year plus 40 % climate change level of service.

Storm solutions include a combination of sewer upgrades, in-line and off-line storage facilities
(underground facility of SWM Pond), source control measures, and assume the incorporation of LID
practices, such as swales, exfiltration systems, etc., that will be determined during detailed design.

As noted in the Volume Il report, the local effectiveness of LID solutions is to be confirmed through pilot
projects. In the South and Central Windsor areas, the potential reduction of flows as a result of LID
measures are not required to achieve the required sewer LOS. LIDs in those areas are intended to
provide additional resiliency to the sewer networks but are not required to achieve network
functionality.

The East Windsor area solutions do account for an initial abstraction (removal) of 15mm of rainfall in
proposed sewer improvement areas as a result of LID measures.

It is recommended that the City continue with the implementation of various LID pilot projects to test
their effectiveness in various areas across the City. If the pilot projects identify that the assumed 15mm
abstraction of runoff is not obtainable through LID measures, a review of East Windsor solutions should
be undertaken to reconfirm the functional designs for that area to confirm that the desired LOS is being
achieved.

East Windsor Storm Sewer Solutions:

The recommended storm system solutions for East Windsor were warranted due to the high potential
for surface flooding exceeding 0.3 m above existing grade.

Figure 4.1 illustrates six (6) storm drainage areas with the locations of the proposed major outlets (i.e.
pumping stations, pumping station upgrades, outfalls) and storage facilities.
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20,000 m?

e 22.8 km of sewer upgrades

Typical Design Considerations

4.0 Storm Sewer Functional Design Solutions 65

Additionally, pump station improvements include:

The pumping station functional design is discussed in Section 6.0

A general description of the proposed storm drainage infrastructure is provided below:

e 6.4 km of new storm sewers where none currently exist (partially separated area)

e 7.0 km In-line storage facilities with controlled release to downstream sewers providing a total of
28,234 m? of storage

e Off-line underground surcharge storage facilities at five (5) locations totalling 16,000 m3

e Above-ground stormwater management facility in the Little River Golf Course with a capacity of

e Capacity improvements at the St. Paul, Pontiac and Lakeview pump stations

e New pumping facility to the Detroit River at the existing St. Rose gravity outfall

e Replacement of the existing Ford Pump Station pumps with increased capacity

e Replacement of the East Marsh pumping station pumps with similar capacity pumps.

The above infrastructure improvements are summarized in detail in Sections 4.1.2 and 4.1.3.

Table 4.1: Typical Detail Design Considerations - Pump Stations

Table 4.1 below summarizes the proposed pump rates to the Detroit River and Little River and indicates
the general details for each pump station facility. Section 6.0 provides details on the proposed pumping
facilities and pump station improvements.

Storm Location Description Typical Detail Pump Rate
Drainage Area (m3/s)
St. Paul St. Paul Pump Capacity upgrade of Refer to Pump 18.2

Station existing pumping Detail in
station Section 6.0
St. Rose St. Rose Pump New pumping station Refer to Pump
Station servicing expanded St. Detail in 135
Rose drainage area Section 6.0
Ford Dewatering Pump Replacement of existing | Referto Pump | 0.5
pumps to increase Detail in
capacity Section 6.0
Pontiac Pontiac Pump New pumping station Refer to Pump 2.5
Station / LRPCP utilizing existing Detail in
Overflow pumping station Section 6.0
discharge channel to
Little River
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capacity

Storm Location Description Typical Detail Pump Rate
Drainage Area (m3/s)
East Marsh East Marsh Pump Replacement of existing | Refer to Pump 1.7

Station pumps Detail in
Section 6.0
Lakeview Lakeview Pump Replace the existing Refer toPump | 0.7
Station pump station with a Detail in
new PS with increased Section 6.0

Within each of the storm drainage areas for East Windsor are several proposed in-line storage facilities,
each with an outlet release rate to control flows downstream. Outflow shall be controlled via reduced
pipes, as shown in Typical Detail #1 as well as Typical Detail #3. The required design criteria for each
area is summarized in Figure 4.1 and Table 4.2 below:

Table 4.2: Typical Detail Design Considerations- In-Line Storage Facilities

Chateau Ave.

existing
downstream
sewer)

Storm Locations US Node ID Typical Detail Release Rate
Drainage Area (m3/s)
St. Rose Ontario St. and 6R3066 #1 (outlet to 0.90

Glidden Ave. existing
downstream
sewer)
Little River McHugh St. at 7R6397 #1 (outlet to 0.3
Darfield Dr. existing
downstream
sewer)
Little River McHugh St. at STM_NEW_MCH1 #1 (outlet to 0.6
Pontiac Darfield Dr. existing
Jefferson Blvd. at 7C67 downstream 1.7
South National St. sewer)
Lauzon Pkwy at 7R894 0.8
Hawthorne Dr.
Lakeview McHugh St. at #1 (outlet to 1.8

N
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e Jefferson Blvd. from Raymond Ave. to Ontario St. (260 m)

Additionally, some areas will require road regrading to mitigate surface flooding risk that will be
addressed at a detailed design that includes:

e  McHugh St. from Lauzon Line to the east of Darfield Dr. (approximately 200 m)
e lauzon Parkway from Cantelon Dr. to Hawthorne Dr. (approximately 300 m)
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Stormwater Management Facilities

In order to develop robust surface flooding solutions that achieve the level of service (LOS) identified in
Section 1.4, in addition to the proposed storm sewer improvements, multiple stormwater management
(SWM) facilities were recommended for various solution areas throughout the City. Various types of
SWM facilities were recommended, and they include wet ponds, dry ponds, and underground storage
chambers.

A number of considerations were made in order to select the preferred type of SWM facility, including
the availability of land, existing topography and surface composition, required storage volume, required

depth of SWM facility, constructability and costs associated with construction.

Details regarding the types of SWM facilities recommended for various solution areas, and the related
designs are summarized in Table 4.3 and Figure 4.1.

Table 4.3: Proposed Off-line Underground Storage and SWM Facilities

Location Total Facility Type Property Constraints | Detail
Storage | Release Acquisition
Volume Rate
Brumpton 4,725m® | 0.10m3/s | Underground Public Park - No | =Site grading | Refer to
Park* surcharge storage | Private Property | restricts Figure
facility Acquisition sizing and STM-E6
type facility
* Trees
located
within the
park.
NE corner of 7,000m® | 0.35m%/s | Underground Undeveloped No Refer to
Wyandotte St. surcharge storage | land acquisition | constraints Figure
E. and Watson facility required ROAD-
Ave. E9-2
8380 5,000m3 | 0.03 m%s Land Property Refer to
Wyandotte St. acquisition/ease | usage by the | Figure
E. ment required current ROAD-
owner E9-2
Meadowbrook | 5,000 m3 | 0.36 m%/s Public Park - No | ePublic Refer to
Park Private Property | access Figure
Acquisition *Re- ROAD-
instatement E4
of basketball
court
Roseville 31,625 Detailed Easement *Public and Refer to
Gardens Park m?3 Design required for school access | Figure
Roseville Public | *Re- ROAD-
School property | instatement E11
of the sports
\ field
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Location Total Facility Type Property Constraints | Detail
Storage | Release Acquisition
Volume Rate
Little River Golf | 20,000 1.5 md/s Surface Public golf Little River Refer to
Course m?3 Stormwater course — No 100 year High | Figure
Management Private Property | Water Level ROAD-
Facility Acquisition (178.3m)and | E4
no increase
inflows to
Little River

*recommendation was originally for an above ground facility; however, grades indicated the requirement for an underground
facility
Sizing of all proposed storage facilities to be refined at detailed design.

4.13 Infrastructure Functional Design Details
Appendix F-2 provides functional design details for each of the recommended solutions for all areas
within East Windsor as per the key map in Figure 4.1 along with sewer size, length, stormwater storage
volumes and description of works for all recommended solutions for the East Windsor service area. The
summary table at the front of the Appendix references the functional design drawings associated with
each alternative label code along with the drawing reference.

4.2 Central Windsor Solutions

The recommended storm system solutions for Central Windsor were warranted due to the high
potential for basement flooding during larger storm events. The existing combined and dual manhole
systems throughout Central Windsor has the potential to surcharge during these events, which
increases the risk of basement flooding in homes that are not equipped with backflow prevention
measures. Complete sewer separation is required in the Central Windsor area to meet the basement
flood risk objectives identified in Section 3.0 of Appendix E.

In addition to basement flooding risks in the Central Windsor service area, surface flooding risk areas
have also been identified. The recommended solutions in these areas are intended to reduce the storm
system HGL to below 0.30m above ground by providing additional capacity in the existing trunk sewer
system in the Central Service area.

As mentioned in Appendix E Section 1.2, the storm and combined sewer systems within the Central
Windsor service area ultimately outlet to the Detroit River. New or Improved outlets are required for a
majority of the recommended solutions.

A general description of the proposed storm drainage infrastructure within the Central Windsor service
area is provided below:

\ e Approximately 18 km of new storm sewers (excluding required sewer separations)
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e 4 new outfalls;
e 2 improved outfall;
e Off-line underground surcharge storage facility at one (1) location totalling 3,000 m3

Additionally, pump station improvements include:
e New pumping facility to the Detroit River at the existing Drouillard Road Pumping Station
location within Cadillac Park; and,
e New Prince Road Pump Station for the Prince Road sewer system.

The pumping station functional design is discussed in Section 6.0 of this report.

Figure 4.2 illustrates the storm drainage areas within the Central Windsor service area.
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A stormwater infrastructure key map is detailed in Figure 4.3 below. The key plan highlights solution
areas and related label codes for the recommended solutions within the Central Windsor service area.
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Infrastructure Design Details

4.2.2

Appendix F-2 provides functional design details for each of the recommended solutions for all areas
within Central Windsor as per the key map in Figure 4.1 along with sewer size, length, location of new
outfalls, and description of works for all recommended solutions for the Central Windsor service area.
The table also references the functional design drawings associated with each alternative label code
along with the drawing reference.

Dual Manhole Sewers

4.3

In addition to the separation of the existing combined system within the Central Windsor service area,
separation of the dual manhole system is also recommended. Similar to the combined system under
heavy rainfall conditions, the dual manhole system can become surcharged. Sanitary sewage has the
potential to enter the adjacent storm system as well as surcharge into basements. This recommended
separation intends to eliminate the potential for sanitary sewage to enter the storm system and reduce
the risk of basement flooding.

Due to the scope of this project, it was not feasible to provide regional solutions for the dual manhole
system separation in Central Windsor. Costs have been developed to separate the dual manhole system
based on an average sewer replacement size and length of the required improvements. High level costs
to separate the dual manhole system can be found in Section 8.0 of this report.

South Windsor Solutions

The recommended storm system solutions for South Windsor were warranted due to the high potential
for surface flooding exceeding 0.3m in depth. The solutions were developed to reduce flooding risks in
regional areas as well as major roadways, and sensitive land uses.

As mentioned in Appendix E (Technical Report Volume II) Section 4.5.3, the storm sewer systems within
the South Windsor service area outlet to municipal drains, including the Grand Marais Drain, Cahill
Drain, Lennon Drain and Wolfe Drain. The majority of the recommended solutions that were developed
are within the Grand Marais Drain drainage area.

A general description of the proposed storm drainage infrastructure within the South Windsor service
area is provided below:

e 8.4 km of new storm sewers

e Off-line underground surcharge storage facility at one (1) location totalling 11,000 m?

e New above-ground stormwater management facilities at two (2) locations totalling 29,233m?
e Above-ground stormwater management facility expansion at one (1) location with a total

expanded volume of 106,000m3 at 185.70m.
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Figure 4.4 is the key plan highlights solution areas, stormwater management facility locations, and
related label codes for the recommended solutions within the South Windsor service area.
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Infrastructure Design Details

4.3.2

Appendix F-2 provides functional design details for each of the recommended solutions for all areas as
per the key map in Figure 4.4 along with sewer size, length, and description of works for all

recommended solutions for the South Windsor service area. The table also references the functional
design drawings associated with each alternative label code along with the drawing reference.

Stormwater Management Facilities

As mentioned in Section 4.1 of this report, various stormwater management (SWM) facilities were
considered as part of the surface flooding solutions throughout the City in order to provide a robust
surface flooding solution. The SWM facilities for South Windsor coupled with the storm sewer
improvements were recommended to achieve the level of service (LOS) identified in Section 1.4 of this

report.

Details regarding the SWM facilities recommended for the South Windsor solution area can be found in

Table 4.4 below.

Table 4.4: Proposed Off-line Storage Facilities - South Windsor

Location Total Storage Type Property Constraints Detail
Volume Impacts
Dougall Ave. @ 4,597m3 at Surface Storage Land acquisition | Land Refer to
South Cameron 182.86m and (Dry Pond) at 0 Dougall Ave. | availability Figure
26,800 m3 at required ROAD-S1-1
185.10m
Howard Ave. @ 2,433 m3 Surface Storage Land acquisition | Land Refer to
Grand MaraisRd E (Dry Pond) at 2929 Howard | availability Figure
Ave. required ROAD-S2-2
Existing Refer to
Chrysler Centre 11,000 m3 Underground Easement private Figure
Storage Facility required parking lot ROAD-S3-2
Central Ave. @ 82,000m3 at Land acquisition/ | Limited City | Refer to
Grand MaraisRdE | 185.10m and Surface Storage easement right-of-way | Figure
106,000 m3 at (Wet Pond required ROAD-S7-3
185.70m Expansion)
(Total Pond
Volume after
Expansion)
Southwood Lakes | 25,000 m3 Lowering of None None Refer to
(Total Additional | normal water Figure STM-
Volume) levels in three S8-2
existing
Southwood Lakes
detention ponds

Sizing of all proposed storage facilities to be refined at detailed design.
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Southwood Lakes Pond Network

The majority of stormwater storage solutions involve the construction of new underground storage
facilities or stormwater ponds. The recommended solution for Southwood Lakes includes the
adjustment of the normal water levels in three (3) of the four (4) existing stormwater ponds in the
Southwood Lakes subdivision. The original stormwater management report for the Southwood Lakes
was completed in 1990 by Hanna Ghobrial & Associates.

In order to decrease basement flooding risk, it is recommended to decrease the normal water levels of
Lake Como, Lake Grande and Lake Laguna. This will provide additional storage in the ponds, and allow
the normally submerged sewer system to flow to the lakes more efficiently during smaller rain events,
or initially in larger events. No changes are recommended to the footprint of the ponds or the slopes of
the banks.

Due to the age of the existing ponds, the current pond bottom elevations are unknown. Sedimentation
over the past 30 years may have increased the design pond bottom elevations. As such, prior to
undertaking the pond improvements, it is recommended that the bottom elevations of all three ponds
are surveyed to determine if dredging or other methods will be required to be implemented to
oxygenate the water properly.

As detailed surveys of the ponds and sewer system were not available during the course of the study, as-
built documents, LiDAR information, and City sewer atlas were relied upon to develop a model of the
current pond network. The review of the City sewer atlas has identified some inconsistencies (pipe sizes
and slopes) with the approved stormwater management report. A detailed survey of these
components should be completed during the development of the final pond improvement strategy.

The following improvements are recommended to provide the additional storage in the pond network:

e Lower the normal water level (NWL) for Lake Como from 185.9m to 185.75m

e Lower the NWL in Lake Grande from 186.3m to 185.8m

e Lower the NWL in Lake Grande from 186.4m to 185.9m

e Lower existing outlet structure (Structure #7R03531) of Lake Como to match the lowered normal
pond water level

e Sewer segments from Lake Grande (7R06828) to Lake Como (7R06825) should be lowered to
provide better flow between the ponds

e Sewer segments from Lake Laguna (7R05302) and Lake Grande (7R07417) may require lowering
such that pond connection sewer inverts are 185.92m or lower

e Float elevations in existing Pump Station (7R06090) west of Christina Crescent should be
adjusted to match revised pond NWL and associated outlet sewer hydraulic grade lines

e The current maximum outflow rate from the existing Pump Station (7R06090) is to remain

\ unchanged.
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Figure 4.5: Southwood Lake Ponds
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Coastal Flood Protection Functional Design
Solutions

Following the record high monthly mean water levels observed in the Detroit River and Lake St. Clair in
2019, the scope of the Sewer Master Plan was expanded to include the evaluation of long and short
term solutions to mitigate risks of coastal flooding along Riverside Dr.. The functional design and
analysis considered the recommendations from the study completed by Landmark Engineering Inc. for
the East Riverside Flood Risk Assessment (2019).

The design criteria for the recommended coastal flood protection measures are to be implemented
during detailed design. As identified in Technical Report Volume II, the recommended flood protection
elevation for the East Windsor (Riverside Dr.) area is 176.50m. It is important to note that during the
construction of the recommended landform barrier, the minimum flood protection elevation
established must be achieved for the full length of improvements to provide continuous protection. If
any section of the proposed landform barrier improvements is constructed below the required
elevation, flood waters could be conveyed inland during high water events, rendering the whole system
ineffective.

The functional design components of the coastal flood protection solutions include a landform barrier
constructed to the target elevation, local sewers adjacent to the landform barrier to collect runoff from
private properties that presently drain overland to Riverside Dr., and storm and sanitary system
protection and separation. The landform barrier is intended to provide inland coastal flood protection
for low lying areas in the East Windsor service area. However, the barrier will also effectively protect
homes north of Riverside Dr. from overland flooding from the south.

Existing topography (i.e., existing road or private property grades that meet or exceed the target
176.50m elevation) may be utilized to form the landform barrier. It is likely that minor grading
improvements will still be required to ensure existing ground elevations are continuous and any
potential breaches or local low points are identified and filled in.

Typically, private property front yards slope towards the road right of way to permit runoff to be
collected by the municipal sewer system(s). The installation of an elevated landform barrier will not
permit private property yard runoff to drain overland to the right-of-way. Accordingly, a separate
drainage/sewer system will be required to drain lands on the private side of the landform barrier. The
local sewers proposed adjacent to the landform barrier may be altered to better suit site conditions,
including changing pipe sizes and slopes. Minimum pipe sizes and slopes based on the City of Windsor
Development Manual should be adhered to to ensure adequate capacity in the local sewers. As shown

Q\ the functional design drawings, the local sewers installed on the north side of Riverside Dr. must have
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a new and isolated outlet to Detroit River. The local sewer cannot connect to the Riverside Dr. mainline
sewer as this will permit potential flood waters to bypass the landform barrier via the sewer connection.

During detailed design, discussions will be required with the landowners that will be affected by the
installation of the coastal flood protection measures. The City will require construction and
maintenance easements to facilitate installation of these improvements. Agreements between the City
and the individual landowners will need to be put in place to ensure no maodifications to the coastal
flood protection measure are completed.

Special consideration should be given to the emergency flood protection areas that do not meet the
required flood protection elevation. These areas include where the landform barrier crosses Riverside
Dr. East (east of Lauzon Road), and natural low areas such as entrances to below grade parking garages
for apartment buildings west of Little River. In these locations, emergency infill is recommended, such
as sand bags or engineered fill to close the gap in protection. The City will need to develop an
emergency response plan to ensure these areas are protected during flooding events. Other measures,
such as mechanical flood protection gates are a potential solution but were not assessed as a part of this
study due to initial installation and maintenance costs.

During detailed design, sewer separation and protection measures should be confirmed for the storm
and sanitary systems that cross the landform barrier. Sewer crossing locations requiring backflow
preventers or sluice gates are identified on the recommended landform barrier functional design
drawings but should be confirmed during detailed design.

Flood Protection Elevations

Currently, the established Essex Region Conservation Authority (ERCA) Regulatory High Water Level is
176.45m (nominally 176.50m) above sea level. Two elevations were considered when developing the
functional design of the coastal flood protection measures. The elevations chosen to complete the
analysis were based on the existing high water level and the urban stress test water elevation of
176.80m. Figure 5.1 details the extents of the flood protection barrier at the two elevations.

After discussions with the City and ERCA, it was determined that the existing high water level (176.50m)
should be utilized as the preferred alternative when completing the functional design of the coastal
flood protection barrier.

It should be noted that the minimum flood protection elevation of 176.50m must be maintained for the

full length of the landform barrier improvements to provide continuous flood protection along Riverside
Dr..
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Figure 5.1: Coastal Flood Recommended Solution

Existing Information

5.2.1

Topographical Information

Due to the existing topography, a majority of the existing shoreline and/or inland elevations are below
the recommended protection elevation. Approximately 7 km of Riverside Dr. East was identified as a
potential coastal flooding risk. Riverside Dr. East, from approximately St. Louis St. to the
Windsor/Tecumseh border was included in the coastal flood protection area.

The existing topography along Riverside Dr. East is relatively flat with a gradual slope towards the east.
A majority of the overland flow from the inland portion of East Windsor is directed towards Riverside
Dr.. This was confirmed by analyzing existing ground information sources, including topographic and
LIDAR aerial survey.

By analyzing the topographic information, low lying areas and areas that met or were above the flood
protection elevation could be identified. A continuous coastal flooding solution was then developed
using a combination of existing topography, and development of an earthen berm/landform barrier.
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Figure 5.2: Riverside Area Topographic Heat Map

[Source: Landmark Engineering Inc.]

52.2 Storm and Sanitary Sewer Infrastructure

As mentioned in Section 2.3.1 of this report, the existing sewer infrastructure information was provided
by the City in the form of shapefiles, as-builts and the City Sewer Atlas. This information was utilized to
determine the locations of the sewers crossing the berm and areas where backflow and protection
measures are required.

5.2.3 As-Built Information (Vista Phase 1)

As-built information was reviewed for various locations along Riverside Dr. East, including the Vista
Phase 1 project limits. The Vista Phase 1 limits are from Lauzon Road at the west limits to Riverdale Ave.
at the east limits. A landform barrier was originally constructed in the 1980s and was reinstated on the
south side of Riverside Dr. between Watson Ave. and 8555 Riverside Dr. during the construction of this
project.

The landform barrier was designed and constructed to meet the flood protection elevation of 176.50m.
In this location, it was determined that no additional works would need to be completed as part of the

coastal flood protection solution.

5.3 Design Criteria

5.3.1 Landform Barrier

The design criteria used to design the landform barrier was confirmed by the City and is included in
\Table 5.1 below.
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Table 5.1: Landform Barrier Design Criteria

Landform Barrier

Component Design Criteria
Materials Clay core

Topsoil and manicured grass around the core
Berm Slopes 3H:1V side slopes
Widths 1.5m-3m
Elevation 176.50m (Flood Protection Elevation)
Driveways Maximum 8% slopes

RIVERSIDE DRIVE EAST

POTENTIAL LOCAL
SEWER INSTALLATION
ACROSS YARD

RIVERSIDE DRIVE EAST

176.5m BERM ELEVATION

LI) 0.5m
' — .
w— ’
i, Cw P W A P I e e ; *"‘\évéfi
RN R NIRRT "Q"“‘Q’?:” * A R S e ;*f'*{’ -
EXISTING
GRADE
POTENTIAL LOCAL:
SEWER INSTALLATION
ACROSS YARD : 0-3m
@310m)
\ Figure 5.3: Landform Barrier Cross Section
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As noted in Table 5.1, the berm is to be constructed with a clay core to prevent seepage of water inland.
The design details for the berm and clay core are to be determined during detailed design in conjunction
with a geotechnical engineer.

Local Sewers

As the landform barrier will prevent properties from naturally draining to the Riverside Dr. right-of-way,
an additional local sewer system is required to collect flows from private property. The local sewer
systems had to be designed to prevent flood waters from bypassing the berm to the sewer system on
Riverside Dr.. As such, the local sewer for the north side of right-of-way landform barrier has a direct
outlet to the Detroit River. Also, the local sewer for the south side of right-of-way landform barrier
connects to the side street sewers with backflow preventers.

The proposed local sewers adjacent to the landform barrier are proposed to be 300mm to 525mm
diameter in size. The sizes of the local sewers were determined based on the expected flow from the
tributary drainage areas. It was determined that these sewer sizes would have adequate capacity to
convey the expected flows to the designated outlets.

A catchbasin was provided to drain each property. Depending on the topography of individual lots,
multiple catchbasins may be required to provide adequate drainage.

Due to the flat topography in the area, minimum slopes were used. This ensured that the furthest

upstream pipe within the local sewer runs had a minimum of 1m of cover. The figure below shows an
example of the local sewers adjacent to the landform barrier to collect the private property drainage.

.
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Figure 5.4: Local Storm Sewers
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Functional Design Process

5.4.1

After compiling background information, reviewing the East Riverside Flood Risk Assessment (Landmark,
2019), and establishing the design criteria for the coastal flood protection solutions, the functional
design of the recommended solution was completed.

Modelling Software

5.4.2

The landform barrier component of the coastal flooding solution was modelled using AutoCAD Civil 3D
design software. The software was utilized as a tool to aid in the design of the recommended landform
barrier along Riverside Dr. The landform barrier component was modelled in three dimensions to give
an accurate representation of the impacts (height/width) of constructing the landform barrier on the
surrounding area.

By utilizing AutoCAD Civil 3D software, design data could be managed efficiently, and changes could be
made quickly. This provided the opportunity to analyze multiple design alternatives more efficiently,
which helped to develop the recommended solution that minimizes impacts to private properties.

Existing Surface Analysis

5.4.3

LIDAR Aerial survey and topographic survey were utilized to create a three dimensional surface of the
existing topography. By creating an existing surface, low lying areas could be identified along with areas
that meet or exceed the minimum landform barrier elevation. Areas that are below and above the
minimum flood protection elevation are identified in Figure 5.2 in Section 5.2.1.

Areas that are below the minimum flood protection elevation would require a discernible landform
barrier constructed to the minimum protection elevation. Areas with that met or exceeded the
minimum protection elevation could utilize the existing topography to provide protection. Minor
adjustments to these areas may be required to bring the existing lands up to the flood protection
elevation.

Landform Barrier Design

To better manage the functional design of the landform barrier, the improvements were broken down
into three areas along Riverside Dr.. The three areas are referred to as Riverside Areas 1, Riverside Area
2, and Riverside Area 3 in accordance with the East Riverside Flood Risk Assessment Report (Landmark,
2019). Details related to the functional design of the coastal flood protection solution can be found in
the following sections. The functional design figures can be found in Appendix F-3.
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Figure 5.5: Riverside Dr. E. and East Riverside Coastal Flood Protection Area Map
[Source: Landmark Engineering Inc.]

Riverside Area 1

As mentioned in Section 5.4.2, locations where the existing topography meets the required flood
protection elevations may not require a landform barrier. Based on LiDAR and field survey within
Riverside Area 1, it was determined that some locations meet the required flood protection elevation.
During detailed design, a detailed field survey should be completed to confirm if the existing topography
in these locations meets the required elevation.

The first landform barrier solution area that was considered is bounded by Villaire Ave. to the west and
the eastern property line at St. Rose Beach Park to the east and is referred to as Riverside Area 1. The
existing topography for the area to the west of Villaire Ave. was determined to be at, or above, the
required minimum flood protection level. Thus, no landform barrier improvements are recommended
for this portion of Area 1.

The landform barrier alignment in Riverside Area 1 is recommended to be installed on the north side of
Riverside Dr. The existing topography between Villaire Ave. and St. Rose Beach on the north side of
Riverside Dr. is primarily below the required minimum flood protection elevation. In areas that are
below the minimum flood protection elevation, a discernible landform barrier is recommended. Minor
adjustments to the existing roadway/intersections in this area may be required to ensure overland flow
is directed to the east.
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Since the landform barrier proposed for this area is within the Riverside Dr. Vista 2A project limits, it is
recommended that the barrier be installed during the construction of that project. Property acquisition
or easements requirements should be confirmed during the detailed design of the Riverside Dr. Vista 2A
improvements. The location of the proposed storm and sanitary sewers within the Vista 2A limits
should be confirmed during detailed design.

Riverside Area 2

5.4.3.3

The second landform barrier project area that was considered is bounded by St. Rose Beach to the west
and Lakeview Marina to the east and is referred to as Riverside Area 2.

The landform barrier alignment in Riverside Area 2 is recommended to be installed on the north side of
Riverside Dr. from St. Rose Beach to the east of Frank Ave.. Due to the proximity of existing homes to
the existing right-of-way line, the alignment of the barrier then shifts to the south side of Riverside Dr.
from east of Frank Ave. to Lakeview Marina. It should be noted that during Vista Phase 1 construction,
the existing landform barrier was reinstated on the south side of Riverside Dr. from Watson Ave. to 8575
Riverside Dr. E. In this location, no improvements are recommended.

Based on LiDAR and field survey, the existing topography on the north side of Riverside Dr. between St.
Rose Beach and Lauzon Rd. is primarily at or above the minimum flood protection elevation. In this
case, a discernible landform barrier would not be required unless it is determined during the detailed
survey that flood protection elevations are not met.

Riverside Dr. from Lauzon Rd. to the east of Frank Ave. was determined to be below the minimum flood
protection elevation. A landform barrier is proposed on the north side of Riverside Dr. in this stretch.

Riverside Area 3

The third landform barrier project area that was considered is bounded by Lakeview Marina to the west
and the Windsor/Tecumseh border to the east and is referred to as Riverside Area 3. In this area, the
Ganatchio Trail provides a natural high point/barrier.

The landform barrier alignment in Riverside Area 3 is recommended to remain on the existing Ganatchio
Trail south of Riverside Dr.. Based on topographic and LiDAR aerial survey, the existing topography on
the south side of Riverside Dr. along the Ganatchio Trail is primarily at or above the minimum flood
protection elevation. Accordingly, the existing trail will be utilized to provide flood protection. In areas
where the Ganatchio Trail does not meet the minimum flood protection elevation, minor adjustments to
the trail are recommended to raise the trail higher to the required elevation.

Minor grading improvements to side streets crossing the trail may also be required to meet the flood

protection elevation requirements. In these areas, roadway reconstruction should be extended on
either side of the trail to not exceed maximum roadway grading.
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54.4 Property Impacts

As part of the functional design process, existing property fabric information was utilized to determine if
the recommended coastal flood protection solution would impact private properties. The existing
private property limits, based on the GIS property fabric, on both sides of Riverside Dr., are fairly close
to the existing roadway. Accordingly, it was not possible to design an earthen landform barrier solution
within the City owned right-of-way without affecting the adjacent properties. It was determined that
easements and property acquisition would need to take place in order to construct the proposed coastal
flood protection solution.

A number of impacts to existing property amenities were noted in the three solution areas along
Riverside Dr.. These include impacts to landscaping, trees, and structures adjacent to Riverside Dr.. In
order to construct the landform barrier and related improvements, landscaping, trees, and structures
will need to be removed or relocated.

The coastal flood protection figures detailed in Appendix F-3 highlight the related property impacts that
were encountered when completing the functional design for the three solution areas along Riverside
Dr..

5.4.5 Emergency Flood Protection Areas

In areas where it was not feasible to install the landform barrier and maintain the required flood
protection elevation of 176.50m, temporary infill measures are recommended to provide protection
during larger flooding events.

The following is a list of locations that would require temporary emergency closures during a larger
storm and high water events:

e Riverside Dr E at Municipal #8040 and #8057 (City ROW). Emergency infill required for the full
width of the road;

e Municipal # 8591 (private property). Emergency infill required at the underground parking
garage entrance;

e Municipal #8885 (private property). Emergency infill required at both underground parking
garage entrances;

e Additional locations where the landform barrier cannot be constructed may be determined
during detailed.

It is recommended that an emergency response plan be implemented for the area mentioned above

that is within the City right-of-way. Emergency measures identified on private property would be the
responsibility of the individual property owners.
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The emergency closure locations listed above can be found in Appendix F-3 within the landform barrier

functional design figures.

Local Storm Sewers

5.4.6.1

Local Sewers North of the Proposed Landform Barrier

5.4.6.2

The local sewers that are recommended to be constructed on the north of the proposed landform
barrier within Riverside Area 1. The intent of these sewers is to provide lot drainage for the homes
along the north side of Riverside Dr. and eliminate surcharging from the Riverside Dr. trunk sewer. A
minimum of one boulevard catch basins is recommended to be installed for every property north of the
proposed landform barrier which will collect runoff that presently drains to the Riverside Dr. right-of-
way and direct it to the local sewer system. Based on topography, additional catch basins may be
required for properties with multiple low points.

These local sewers are recommended to be installed adjacent to the proposed landform barrier and will
have a separate outlet to Detroit River. The outlet is recommended to be equipped with a backflow
prevention device for surcharge protection against high water levels in the Detroit River. The outlet
location of the proposed local sewer north of the landform barrier is recommended at St. Rose Beach.
During detailed design, this outlet will be required to be reviewed to determine if a small dewatering
pump is required at St. Rose Beach Park.

Construction and maintenance easements would be required to install and maintain the local sewer
infrastructure. Agreements with the landowners should be put in place to ensure the local storm sewer
infrastructure is not altered and that it may be accessed for periodic maintenance.

Local Sewers South of the Proposed Landform Barrier

5.4.7

The local sewers that are recommended to the south of the proposed landform barrier are located
within Riverside Area 3. The intent of these sewers is similar to the local sewers proposed on the north
side of the landform barrier in that they are recommended to provide lot drainage and eliminate
surcharging from the Riverside Drive trunk sewer. The boulevard catch basins recommended will
capture the runoff from the lots and direct it to the inland storm sewer system.

The local sewer outlet to the inland storm system is recommended to be equipped with a backflow
prevention device to prevent floodwaters from bypassing the landform barrier.

Storm and Sanitary Sewer Protection

As detailed above, in order to eliminate the potential for flood waters to bypass the landform barrier
and enter the inland sewer system, protection measures are required on sewers and catch basin leads

\  crossing the landform barrier. The addition of protection measures, including backflow preventers and
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sluice gates within these sewers and catch basins, is crucial in providing a coastal flood protection
solution that prevents floodwaters from migrating inland via the City sewer system.

As part of the functional design process, storm and sanitary sewer crossing locations were reviewed to
determine if protection measures would be required. A number of storm and sanitary sewer crossings
were identified along Riverside Drive where protection would need to be implemented. These locations
have been identified in the Riverside Drive Landform Barrier figures which can be found in Appendix F-3.
Sewers that convey flow to the north and cross the landform barrier are recommended to be equipped
with a backflow prevention device such as a duckbill or flap gate. Sewers that convey flow inland from
the north were recommended to be equipped with a sluice gate or equivalent device on the south side
of the barrier to prevent flow from entering the inland sewer systems during high water events.

Catchbasin locations are not identified on the landform barrier drawings. Similar to the storm and
sanitary sewers, backflow prevention measures would be required for all leads crossing the barrier. As
part of the East Riverside Flood Risk Assessment (Landmark, 2019), catchbasin locations are identified
where protection measures are required. These locations should be reviewed during detailed design
along with a detailed site investigation to confirm any locations that may be unaccounted for.
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Pump Station Design and Analysis

As part of the functional design of the recommended solutions, new pump stations and existing pump
station improvements were identified. The pump station functional design figures can be found in
Appendix F-4. The sections below detail the pump station designs that were completed as part of this
project.

St. Paul Pumping Station

Existing Conditions

6.1.2

The St. Paul Pumping Station (PS) was built in 1976. It is equipped with five (5) vertical mixed flow
pumps and two (2) jockey pumps. The jockey pumps handle the low flows; vertical pumps are gradually
switched on as inflow increases and water level in the wet well increases. The capacity of the pumps is:

e Two (2) Jockey pumps: 425 L/s each;
e Two (2) Small vertical pumps: 1,550 L/s each; and
e Three (3) Large vertical pumps: 3,100 L/s each.

The jockey pumps do not run when the vertical turbine pumps run. Total pump station capacity is 12.4
m3/s, and the firm capacity is 9.3 m%/s.

The vertical pumps have very little run hours and are considered to be in good mechanical condition.
One of the large vertical pumps is equipped with a diesel motor drive. The hydraulic conditions, ON and
OFF pump levels and pump curves were reviewed to confirm the pump duty point. Based on available
information, the large vertical pumps are running out of the curve on the right side, particularly at the
pump ON levels. The smaller vertical pumps are also close to running off the curve at high wet well
water levels.

The pumps discharge directly to the pump station discharge channel.

Pump Station Upgrade

Based on modeling results the maximum required capacity of the pumping station to handle the runoff
from a 100-year return period rain for the proposed alternatives is 18.5 m*/s, which is 6.1 m*/s more
than the existing total capacity. The pump station improvement included in the functional design was
based on the St. Paul and Pontiac Pump Station report (Dillon, 2018).

N
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6.1.2.1 Upgrade the Existing Pumping Station
It was assumed that the existing pumps could be replaced with new pumps having a larger capacity than
the existing pumps. Pump suppliers were approached to provide a selection for the largest capacity
pumps, which would be possible to install into the existing concrete structures. Based on manufacturers’
selection, the largest capacity units available are:
e larger pumps (each):
0 Capacity 43 m3/s
O Motor size 500 kwW
e Smaller pumps (each):

0 Capacity 2.8 m3/s

O Motor size 320 kW

0 Total capacity 18.5 m3/s

0 Rated (firm) capacity 14.2 m3/s
Based on the information provided, the total capacity of the pumping station could be increased to the
required capacity of 18.5 m*®/s by replacing the existing pumps with new pumps. However, the firm
capacity of the pumping station will be less than the required capacity. The pumps would fitinto the
existing structures. The pumps’ discharge piping would require modification to match the size of the
discharge flange of the replacement pump. The installation of the new pumps would also require an
upgrade of the electrical service and complete replacement of the electrical installation in the pumping
station.
It should be noted that the electrical installation in the existing pumping station is almost 40 years old
and would have had to undergo a major upgrade in the near future. To determine the extent and timing
of the upgrade, a condition assessment of the installation would have to be conducted.

6.1.2.2 Pumping Station Expansion

It was assumed that a new pumping station with 3 pumps (2 duty, 1 standby) would be built adjacent to
the existing pumping station to provide the capacity in excess of the existing pumping station and
include standby capacity for the system.

Each pump would have a capacity of 3.1 m*/s; the total dynamic head is estimated at about 9.0 m. The
pumps would require 350 kW motors. The pump discharge can be configured as individual discharges or
a common discharge outfall.

The dimensions and configuration of the pumping station were determined by the ANSI Standard Pump
Intake Design developed by the Hydraulic Institute.
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Vertical, submersible propeller pumps are recommended to eliminate the need for a superstructure. It is
estimated that the footprint of the pump station will be approximately 25.0 m x 16.0 m. Based on the

depth of the inlet pipe to the existing pumping station, the depth of the pump station is estimated at
about 8.0 m below grade.

St. Rose Gravity Outfall Improvements

6.2.1

Proposed Pump Station

6.2.2

Based on modeling results, Alternatives 1 through 3 identified the incorporation of a pump station to
provide a hydraulic disconnect from the Detroit River. The maximum required capacity of the pumping
station to discharge the runoff from a 100-year return period rain for the proposed alternatives is 13.5
md/s.

The EA has identified that the pump station would be constructed within the existing St. Rose Beach
adjacent to the existing gravity outfall.

The dimensions and configuration of the pumping station were determined by the ANSI Standard Pump
Intake Design developed by the Hydraulic Institute.

Vertical, submersible propeller pumps are recommended to eliminate the need for a superstructure. It is
estimated that the footprint of the pump station will be approximately 32.0 m x 17.0 m:

e 3 large pumps (2 duty, 1 standby):
0 Capacity 5.0 m3/s (each)
0 Motor size 600 kW each, (approximately 800 HP)
e 2 Small pumps (2 duty, 0 standby)
0 Capacity 1.75 m3/s (each)
0 Motor size 250 kW each, (approximately 340 HP)
O Ratedcapacity 13.5m3/s

At this time, it has been assumed that hydro is available nearby and design includes the incorporation of
a backup generator.

Additional Design Considerations

As noted in Appendix E (Technical Volume II), several locations were reviewed for the placement of the
new pump station. The preferred location for the pump station in the St. Rose Ave. Park greenspace on
the north side of Riverside Dr. East, within the existing sheet pile/break wall area of the park.

The existing park is generally fill material and is bounded on the west and north sides by a steel sheet

\_ pile breakwall. The pump station placement within the park is situated to avoid existing tie-backs from

DILI.ON

CONSULTING

CITY OF WINDSOR —— @; m%
N



6.3

) 6.0 Pump Station Design and Analysis 99
the sheet pile wall. During detailed design, additional site assessments should be conducted to confirm

the soils materials, location of sheet pile tie backs, and dewatering requirements (due to the required
depth of excavation and the proximity to the Detroit River).

Alteration to the existing sheet pile wall will be required to install the new twin outlet pipe from the
pump station through the wall and into the Detroit River. A structural review of the sheet pile wall will
be required to develop a plan for installing the new infrastructure while maintaining the integrity of the
existing breakwall. Additional geotechnical requirements may include the determination of unbalanced
soil loading on the sheet wall during construction.

A review of the impacts to existing utilities, such as aerial hydro poles, will be required. Temporary
relocations and/or temporary bracing may be required depending on the proximity to the open pump
station excavations.

Due to the proximity of the pump station and associated electrical systems (including backup
generators) to the Detroit River, provisions for providing a watertight system will be required. The
designs should account for the potential of high water levels and wave action. Additionally, the pump
station itself should be designed to prevent high water levels from inundating the pump station.
Measures to prevent this could include backflow prevention devices and watertight hatches.

Little River Overflow to Pontiac Pumping Station

6.3.1

Existing Conditions

The sanitary trunk sewer directly upstream of the Little River Pollution Control Plant (LRPCP) is
hydraulically connected by an overflow to the Pontiac Pumping Station at an overflow elevation of
170.38 m. The overflow is triggered by a sluice gate which is closed under dry weather minor storm
conditions but opens when the water level in the Little River PCP wet well reaches 170.69 m. Under
current operating conditions, the water levels in the Pontiac Pump Station inlet chamber are
occasionally too high during larger storm events, and the overflow is required to provide significant
release from the existing sanitary sewer system.

The operating water levels in the Pontiac Pump Station and corresponding pump capacities were
evaluated under existing conditions. The design capacity of the screw pumps in the Pontiac Pump
Station is currently at the “filling point” water level in the inlet chamber. If the water level in the inlet
chamber is below the filling point, the capacity of the screw pump decreases. The filling point of the
large screw pumps at Pontiac Pump Station is at 170.99 m; therefore, the inlet chamber has to fill up to
170.99 m to utilize the pump capacity fully.

Based on the operation of screw pumps, it is estimated that when the water level is at the top of
overflow weir level (170.38 m), the capacity of the large pumps is approximately 70% of the design
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capacity. Due to this decreased capacity, the pumps at the Pontiac Pump Station are unable to lower the
water level in the inlet chamber to the sanitary sewer system overflow elevation to facilitate a
controlled overflow. Accordingly, the functional design includes the upgrading of the existing PS.

Future Improvements - Little River PCP

The overflow rate from the Little River PCP is estimated at 2.5 m®/s. This estimate is based on the
surcharged conveyance capacity of the 1200 mm diameter overflow sewer. The pump station
improvement included in the functional design was based on the St. Paul and Pontiac Pump Station
report (Dillon, 2018).

Due to the existing physical characteristics of the existing pump station, and internal screw pumps,
improving the capacity of the existing pump station is not feasible.

The 2018 St.Paul/Pontiac study determined that the LRPCP Bypass is not available during major rain
events, due to the active hydraulic grade elevations in the City’s storm system, as described above. It
was recommended that the following improvements be implemented:

e Re-direct the existing bypass sewer that connects the sanitary sewer system to the Pontiac PS,
to a new wet well structure proposed to be located south of the existing Pontiac PS;

e Construct a new wet well structure to house three 1.2 m3/s pumps; and,

e Construct an outlet from new wet well structure to the Little River Drain adjacent to the existing
Pontiac PS outlet.

In addition to improvements to the pumped bypass to following is also recommended:

e Including an upstream “gate controlled” connection between the existing Pontiac PS and the
new by-pass. This would allow for more regular running of the new pumps for maintenance
purposes;

e The new by-pass PS should have equipment for flow monitoring to help with by-pass recording
and reporting;

e Consider sharing the existing discharge apron from the Pontiac PS with the new by-pass PS;

e Consider having back-up pumps for the new by-pass; this differs from the Pontiac/St. Paul
Report (2018).

The new pump station would receive only flow from the Little River PCP overflow system. A new pipe
would be constructed from Manhole 6R4071 to the new pump station to be constructed to the south of
the existing station. The existing overflow connection from this manhole to the existing Pontiac Pump
Station would be sealed off by a control gate installed in the manhole on the interconnecting pipe. The
new pumping station would discharge to Little River through the existing Pontiac Pump Station
discharge channel.

Due to the required capacity and head, vertical turbine pumps or mixed flow pumps would be the
preferred pump type for the new pumping station. Vertical, submersible propeller pumps are
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recommended to eliminate the need for a superstructure. The footprint of the pump station is
estimated to be approximately 16.5 m x 10.0 m.

It is recommended that two duty pumps and one standby pump be installed to handle the overflow.
Each pump would have a capacity of 1.25 m®/s; the total dynamic head is estimated at about 9.0 m.
Based on the depth of the overflow pipe from the Little River PCP, the depth of the pump station is
estimated at about 8.0 m below grade.

The pumps would require 200 kW motors. The pump discharge can be configured as individual
discharges or acommon discharge header. Due to the infrequent operation and projected low operating
hours, no standby pump is recommended. Power would be provided from the Little River PCP power
supply. A diesel generator would be provided for emergency power supply.

The dimensions and configuration of the pumping station were determined by the ANSI Standard Pump
Intake Design developed by the Hydraulic Institute.

Ford Blvd. Pumping Station

6.4.1

Existing Conditions

6.4.2

An evaluation of the proposed pumping station system at the Ford Blvd storm sewer outlet as part of
Storm Alternative 2 for Riverside Dr. E. was conducted. The nature of the evaluation was to identify the
cost benefit of implementing new infrastructure versus the overall benefit in flood reduction for the
Ford Blvd drainage system and to accommodate concerns on the location and size of the proposed
pumping station. According to record drawings, the existing Ford Blvd. outlet consists of two dewatering
pumps with a total capacity 0.5 m®/s, flap gate at the end of the 2,125 mm diameter trunk sewer and a
1,625 mm X 3,048 mm bar screen outfall. Under the 1:100 Year event and climate change scenarios, the
reduction in peak flow with the preferred alternative utilizing the existing outlet indicates that an
improvement to the dewatering facility at the Ford outlet should be considered prior to a large pumping
station.

Proposed Pump Station Improvement

It was assumed that the existing pumps in the pump station which are approaching their life end would
be replaced by new pumps having the capacity of 0.25 m3/s each. As the pumps will be used only to
empty the sewer system after rain events, no standby pump is proposed. In addition to the pump
replacement, the pump discharge piping will be replaced as well to match the existing. It is also
recommended to replace the electrical installation and add a standby generator. To improve station
monitoring, it is recommended to install water level and pump monitoring equipment. No additional
modifications are required in the pump station or on the existing gravity outfall.

N
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Submersible sewage pumps in wet well configuration are recommended

e Submersible sewage pumps (2 duty, O standby):
0 Capacity 0.25 m3/s (each)
0 Motor size 40 kW each

Lakeview Pumping Station

6.5.1

Existing Conditions

6.5.2

Presently, the Lakeview PS is serviced by 2 pumps of 0.35 m*/s capacity each for a total capacity of 0.7
m3/s assuming pumps could run in lead leg configuration. The firm capacity of the station is 0.35 m®/s.
Currently under the 1:100 year event, the modelling indicates that the peak flow through the pumping
station is 0.3 m*/s.

Several modelling iterations looking at the Blue Heron Pond levels were conducted, verifying the normal
water level, applying the future high water mark at the Detroit River outfall, applying future
development conditions, and identifying bottlenecks in the system to effectively convey flows to the
Detroit River. Under present conditions, the draw downtime for the Blue Heron Pond (time for the
sewer system to reduce the pond high water levels to normal pond water levels) is approximately 80
hours. Under some larger storm events, where downstream sewer have been inundated/surcharged,
the Blue Heron Pond has experienced overtopping. The City design requirements for new stormwater
detention facilities include a maximum drawdown time of 24 hours.

Proposed Pump Station Improvement

The final recommendation includes the following:
e |tis recommended that the existing pumping station will be replaced with a new pump station
with increased outlet capacity
e Upgrade of the existing outfall sewer and outfall structure to the Detroit River from 300 mm
diameter to 600 mm diameter
e Adiesel generator is recommended to provide emergency power supply

The functional design includes a new pump station that increases the outlet rate from 0.35 m3/s to 0.7
3
m?3/s.

Prior to detailed design, the City shall confirm the preferred drawdown of the Blue Heron Pond to meet
City of Windsor Municipal Standards. The pump station and outlet size may require adjustment to meet
these criteria. Additionally, the storm sewer sewers between the Blue Heron Pond and the PS may
require upsizing to meet the City drawdown criteria.
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6.6 East Marsh Pumping Station

6.6.1 Existing Conditions

The East Marsh Pump Station is located on the north side of Riverside Dr. East and discharges to the
Detroit River. The East Marsh PS is included in the same sewershed as the Pontiac pump Station. At
present, the combined East Marsh and Pontiac Pump Stations do not have sufficient capacity to
accommodate the volume of flows from the overall drainage area.

6.6.2 Proposed Pump Station Improvements

As noted in Appendix E, the functional designs identify the redirection of a majority of the existing East
Marsh PS drainage area to the Pontiac PS drainage area and improvements to the Pontiac PS. As a
result, the existing capacity of the pump station is sufficient to accommodate the revised drainage area
tributary to the East Marsh PS.

The final recommendation includes the following:
e |tis recommended that the existing pumping station will remain in service
e Replacing all pumps like for like at the existing pumping station
e Adiesel generator is recommended to provide emergency power supply

6.7 Drouillard Rd. Pumping Station

6.7.1 Existing Conditions

The existing pump station is at the end of its life, and its capacity is not sufficient to accommodate
existing or future flows. The Drouillard Rd. / Wyandotte St. E. intersection is an underpass below a rail
line and is susceptible to roadway flooding greater than 0.3 m.

6.7.2 Proposed Pump Station Improvement

As noted in Appendix E, the functional design identifies that the existing pumping station would be
replaced. The new pumping station will be constructed next to the existing pumping station. The
pumping station will discharge to the existing trunk sewer and has a required pumping capacity of 1.20
md/s.

It is recommended that the new pumping station will use submersible axial flow pumps.
e Axial flow pumps (2 duty, 1 standby):
0 Capacity 0.65 m3/s (each)
0 Motor size 60 kW each
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The dimensions and configuration of the pumping station were determined by the ANSI Standard Pump
Intake Design developed by the Hydraulic Institute. The dimensions of the pumping stations are
estimated 15 m by 8 m.

6.8 Prince Rd. Pumping Station
6.8.1 Existing Conditions

Presently there is no pump station for the Prince Rd. trunk sewer which outlets into the McKee Creek.
6.8.2 Proposed Pump Station Improvement

A study previously completed for the Prince Rd. sewer network identified that a dewatering pump is to
be installed to outlet into the McKee Creek (Stantec, 2000). The dewatering pump will be installed in
conjunction with a new 2,400mm diameter sewer on Peter St. to Chappell Ave. and outlet to the McKee
Creek. According to the report, the dewatering pump system would activate when a minimum of 1.0m
of water (or 172.93m) is at the discharge pipe. The dewatering pump will reduce the standing water
levels in the sewer system to increase the system’s ability to accommodate storm flows.

The required pumping capacity is 0.085 m*/s, and is anticipated to run for approximately 1.6 hours
following a rain event to drawdown the system to the desired elevation.

The Peter St., Chappell Ave. and McKee Outlet improvements were identified in the Prince Rd. report to
be installed as a part of Phase 8 of the recommended improvements.
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Municipal Right-of-Way and Private Property

Flood Mitigation Measures

The comprehensive solutions developed to mitigate the risk of basement, surface and coastal flooding
include improvement recommendations for each component of the City’s sewer system. Through the
development of alternative and analysis of the City’s sewer system, it was determined that other
municipal ROW and private property measures are required to reduce excess rainwater entering the
City’s system. Sewer, storage facilities and treatment plant improvements are sized assuming that these
measures are in place. Assumptions related to inflow reductions is explained in the Technical Report
Volume II.

Private Property Measures

7.2

Private property source control improvements, homeowners should take necessary precautions to
protect their properties from damage such as installing backflow preventers, sump pumps, and
emergency backup for flood protection devices and improve lot grading.

The measures that should be taken to mitigate stress on the City’s system and provide protection
against flood damage are listed below.

e Downspout Disconnection

e Improve Lot Grading

e Low Impact Development (LID) measures, such as:
O Rain Barrels and Rain Gardens
0 Seal window wells
0 Permeable pavements

e Foundation Drain Disconnection

e Correct Improper Connections

e Backflow Prevention Valves

In addition to the infrastructure improvements described in this report, the City intends to facilitate the
necessary programs to encourage homeowners to complete necessary private property improvements.
More information related to the recommended private property measures refer to the Short Term
Solutions Report, Appendix C of the Windsor and Coastal Flood Protection Sewer Master Plan report.

Municipal Right-of-Way Improvements

Sources of inflow and infiltration in the municipal right of way include through manhole covers, cracks

and leaks along sewers, inflow points from water courses and sanitary/storm sewer interconnections.
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The following measures have been highlighted as critical measures to reduce the volume of rainwater
entering the system.

A) Sanitary Manhole Covers

It is recommended that the City retrofit existing sanitary manholes with rain catchers to reduce
the inflow of rainwater entering sanitary manholes through pick access holes in the covers. The
first round of the manhole cover retrofit program includes 733 manholes (Short Term
Recommendations report provides a map and list applicable manholes) to be completely sealed
first as these manholes are either in low lying areas (lower than the existing ERCA flood
protection levels- 176.40) or through the sewer model, they are observed to allow the highest
volume of rainwater entering the system during various design events. The remainder of
manholes in the City shall be completed as part of regular maintenance or road reconstruction
projects.

Sealing Existing Sewer System

The City intends to continue the existing program to complete infill and infiltration investigation
and associated sewers sealing and lining to reduce point of observed groundwater inflow into
the sanitary sewers system.

Backflow at Sewer Interconnections

The City intends to install backflow prevention devices inflow points into the sanitary and/or
storm system; these include:

e Sewers outlets to the Detroit River or Lake St. Clair, where high water levels cause back-
up into the City’s sewer outlets and compromise the outflow capacity at these locations;
and

e Atinterconnection locations between the storm and sanitary sewer system. Ilt is
recommended that these interconnections remain in place to provide the intended
relief; however, as sewer improvements in these areas are complete, it is recommended
that these interconnections be removed.
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Estimated Capital Construction Costs

In order to provide the City with a more detailed summary of the proposed works, estimated
construction costs have been developed. The capital construction costs for the various recommended
solutions are based on the year 2020 construction prices. Depending on the timing of implementation,
costs could vary significantly. Due to the large scope of the project and that the designs are at the “pre-
design” stage, detailed cost estimates were not completed. During detailed design, detailed cost
estimates should be completed to more accurately estimate the construction costs for the proposed
improvements. This section includes a summary of the high level costs related to the sewer
improvements, public infrastructure improvements, surface works, private property improvements,
coastal flood protection solutions, and downstream improvements.

A summary of the cost estimate assumptions is included in Appendix F-5. The assumptions detail what
costs have and have not been included in the estimates, such as utility relocations and property

acquisitions.

Costing Assumptions

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

e Construction cost estimates, including labour, are based on 2020 unit prices and the accuracy of
each estimate is +/- 30% and dependent on the timing of implementation;

e 30% contingency added for Capital Construction Costs;

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

It should be noted that land acquisition costs required to construct recommended solutions on private
property are not included in the cost estimates. Land acquisition requirements and the associated costs
should be confirmed during detailed design.

Storm and Sanitary Infrastructure Improvements

Storm and sanitary construction cost estimates for works within the municipal right-of-way included full
road right-of-way construction, including earth excavation, granular road base, asphalt or concrete
pavement, curbs and gutters, sidewalks, restoration, street lighting, traffic signals (where required), and
other typical surface works. Where required, costs for the inclusion of bike lanes have also been
included in the costs. Potential gas, water, telecommunications and hydro costs have not been included
in the estimated construction costs and should be determined during detailed design.

Additional costs included within the storm sewer improvement estimates were the costs to install and

\_ maintain the recommended stormwater management facilities.
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Pump Station Improvements

The cost estimate assumptions for the recommended pump station improvements can be found in
Section 6.0 of this report. An additional 20% for engineering has been added to be consistent with the
storm and sanitary cost estimates.

A detailed list of cost estimate assumptions can be found in Appendix F-5.

Unit Prices

8.3

Approximate unit prices were developed based on 2020 average construction costs for similar projects.
The unit prices were utilized to determine the total construction costs for the various recommended
solutions throughout the City. To simplify the costs for the various proposed works for each solution, all
unit prices were developed on a per metre basis.

Appendix F-5 details the unit costs for various line items that would potentially be included in the
recommended storm and sanitary solutions. This table should be read in conjunction with the cost

estimate assumptions and the individual street cost estimates identified in Appendix F-5.

Cost Estimates

8.3.1

Methodology

As noted in Section 8.2, the cost estimates were completed based on the unit prices developed and the
proposed works for each solution. The costs developed for each solution include a 30% construction
contingency and a 20% engineering fee contingency. Taxes have not been included in the estimates.

Cost estimates were completed for each street within a recommended solution area. The estimates for
each street were then added together, and the total cost was calculated for the solution area. By
completing estimates for individual streets, a more accurate calculation could be made for the whole
solution area.

The costs to implement low impact development measures (LIDs) within each solution area were
developed based on the total length of improvements identified for each area. A cost of $300/m was
used to determine the total cost for LIDs within each solution area.

Solution area estimates for the East, South, and Central Windsor areas were combined, and a total
construction cost for the entire City sewer and coastal flood protection improvements was calculated.
Cost estimates for individual streets can be found in Appendix F-5 along with a summary of total
construction costs for all solution areas throughout the City.
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Capital Construction Costs and Implementation

8.3.3

Due to the scale of the proposed works and the implementation schedule, actual construction costs may
vary significantly depending on the year of implementation. 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.

The implementation plan detailed in Section 9.0 of this report identifies high priority projects to be
completed in the next 8 years and lower priority projects that will be completed after the 8-year mark.

Sewer Separation Costs

Other costs that have been included in the total cost estimate are the costs to separate the combined
sewer system in Central Windsor and the dual MH system east of the Albert Drainage Area. In total,
there is approximately 400km of roads that will require reconstruction to separate the existing
combined sewers, separate the existing dual manhole sewers, and reconstruct already separated areas
once. This would also include the need to upsize existing storm sewers to accommodate additional
private property surface drainage.

Estimates were completed for entire drainage areas based on the total length of roads within the
drainage area, the average number of lanes and pavement type. The average number of lanes in each
drainage area were rounded up to the nearest half of a lane to be conservative. In areas where specific
detailed sewer sizing was not completed, a typical sewer size of 750mm was used to complete the storm
and sanitary sewer cost sections of each drainage area. Actual sewer sizes should be confirmed during
detailed design.

It was beyond the scope of this project to complete individual street estimates for the separation of the
combined and dual manhole systems. Only the individual streets identified in the recommended
solutions for Central Windsor were omitted from the costs to separate the combined system fully. Table
8.1 details the drainage areas within Central Windsor along with the average number of lanes,
pavement composition, length of roads and separation costs within each drainage area.

Table 8.1: Central Windsor - Combined and Dual MH Information and Costs

Drainage Area Total Length of Average Number Typical Separation
Roads of Lanes Pavement Costs
(m) Composition
Prince Rd. 20,730 2.5 Asphalt $137M
Brock St. 41,330 2.5 Asphalt $260.1M
Detroit St. 10,820 2.5 Asphalt $72.5M
Huron Church Rd 29,350 2.5 Asphalt $179.8M
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Drainage Area Total Length of Average Number Typical Separation
Roads of Lanes Pavement Costs
(m) Composition
Askin Ave. 9,980 2.5 Asphalt $68.7M
Cameron Ave. 21,130 2.5 Asphalt $98.9M
Wellington Ave. 13,360 2.5 Asphalt $85.3M
Church St. 53,290 25 Asphalt $312.8M
McDougall St. 14,010 2.5 Asphalt $82.6M
Parent Ave. 64,990 2.5 Asphalt $414.2M
Lincoln Rd. 45,590 2.5 Asphalt $296.9M
Albert Rd. 9,980 25 Asphalt $63.5M
Dual MH Area, 73,000 2.5 Asphalt $480.4M
East of Albert Rd.
8.3.4 Pump Station Costs
The costs for the recommended pump stations and pump station improvements in East and Central
Windsor, as identified in Section 6.0 are detailed in the following sections:
8.3.4.1 St. Paul Pumping Station

The opinion of probable cost developed for the above upgrade options. The following assumptions were
used to develop the costs:

e Accuracy of the estimate is +/- 30%;

e The cost for expansion of the pumping station includes the cost for replacing the electrical
installation in the existing pump station and upgrades to the power supply system;

e New diesel generator is included for the additional load;

e The costs include 30% estimating contingency; and

e Include 20% for engineering.

The cost for a new pump station includes a diversion manhole from the existing inlet sewer, inlet pipe
from the diversion manhole to the new Pump Station, pumping station and discharge pipes to the
existing pump station discharge bay.

It is estimated that the cost to implement this option is approximately $8.2 million. Detailed cost
estimates are provided in Appendix F-5.

N

CITY OF WINDSOR P Beeghfi* ...\“‘“\M_%
N

DILI.ON

CONSULTING



8.0 Estimated Capital Construction Costs 111

—

8.3.4.2 St. Rose Pumping Station
The following assumptions were used to develop the cost of the proposed pump station:
e Accuracy of the estimate is +/- 30%;
e The cost for the station includes all electrical installation and power supply system required for
the pump station;
e New diesel generator is included,;
e The costs include 30% estimating contingency; and
e Include 20% for engineering.
The cost for a new pump station includes an outlet connection to the existing gravity outfall pipe and it
is estimated that the cost to implement the pump station is $24.0 million.
8.3.4.3 Little River Pollution Control Plant Bypass Improvements at Pontiac Pumping Station
Cost estimates were developed for the new pumping station and follow the below assumptions:
e Accuracy of the estimate is +/- 30%;
e Costs for engineering, potential land acquisition and utility relocations for the upgrades are not
included; and
e Power would be provided from the Little River PCP.
e New diesel generator for emergency power
The final cost includes the cost of the inlet pipe from the overflow manhole, the sluice isolation gate in
the overflow manhole, the new pumping station and discharge pipes to the existing pumping station
discharge channel and power supply from the existing power supply system as described above. The
cost for the new pumping station is estimated at approximately $5.1 million and includes a 30%
estimating contingency and a 20% engineering fee estimate.
8.3.4.4 Ford Blvd. Pumping Station Improvements

The following assumptions were used to develop the cost of the proposed pump station:

e Accuracy of the estimate is +/- 30%;

e The cost for the station includes all electrical installation and power supply system required for
the pump station;

e New diesel generator is included,;

e The costs include 30% estimating contingency; and

e Include 20% for engineering.

The cost for improvements to the pump station as described is $400,000.
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8.3.4.5 Lakeview Pumping Station Improvements
The following assumptions were used to develop the cost of the proposed pump station:
e Accuracy of the estimate is +/- 30%;
e The cost for the station includes all electrical installation and power supply system required for
the pump station;
e New diesel generator is included,;
e The costs include 30% estimating contingency; and
e Include 20% for engineering.
The cost for improvements to the pump station as described, is $1.8 million.
8.3.4.6 East Marsh Pumping Station
The following assumptions were used to develop the cost of the proposed pump station:
e Accuracy of the estimate is +/- 30%;
e The cost for the station includes replacement pumps and electrical required for the pump
station;
e New diesel generator is included;
e Costs associated with the design, approvals and construction of the East Marsh pump station
upgrades were those used in the first round of DMAF funding application;
e The costs include 30% estimating contingency; and
e Include 20% for engineering.
The cost for improvements to the pump station as described, is $3.3 Million.
8.3.4.7 Drouillard Rd. Pumping Station
The following assumptions were used to develop the cost of the proposed pump station:
e Accuracy of the estimate is +/- 30%;
e The cost for the station includes all electrical installation and power supply system required for
the pump station;
e New diesel generator is included,;
e The costs include 30% estimating contingency; and
e Include 20% for engineering.
The cost for improvements to the pump station as described, is $2.4 Million.
8.3.4.8 Prince Rd. Pumping Station

The following assumptions were used to develop the cost of the proposed pump station:
e Accuracy of the estimate is +/- 30%;
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e The cost for the station includes all electrical installation and power supply system required for
the pump station;
e The costs include 30% estimating contingency; and

e Include 20% for engineering.
The cost for improvements to the pump station as described is $300,000.

Source Control and Private Property Measures Estimated Program

Costs

Table 8.2: Private Property Source Control Estimated Program Costs

Solution Component Central Windsor South East Windsor Sub-Total Costs
Windsor

Private Property Subsidy Programs:

City-wide Foundation Drain | $480M $220M $250M $950M
and Enhanced Private
Property Improvement

Program

City-wide Downspout $15M $21M $14M $50M
Disconnection Program

Sub-Total $495M $241M $264M $1,000M

Foundation drain disconnection and downspout disconnection costs (private property measures)
assume that the City will develop mandatory programs to complete these measures in keeping with the
findings of this study. Itis assumed that the City will provide financial assistance to property owners via
subsidy programs, similar to the existing Basement Flood Protection Subsidy and Free Downspout
Disconnection programs. The costs are based on the number of residential homes in the City per the GIS
data provided as a basis for this study (2018 Data). Detailed cost breakdown table entitled “Private
Property Foundation Drain and Downspout High Level Cost Estimates” costs are included in Appendix F-
5.

Table 8.3: Municipal Right-of-Way Source Control Estimated Costs

Solution Component Central Windsor South East Windsor Sub-Total Costs
Windsor
Public Infrastructure Improvements
Sanitary Manhole Sealing N/A $0.1M $0.4M $0.5M
Program
Backflow Prevention Device | $4M N/A $4M $8M
Program Allowance
Sub-Total $4M $0.1M $4.4M $8.5M
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The manhole sealing program cost represents the cost to complete the first round of manhole rain
catcher retrofits for 733 manholes based on the recommendations of the Short Term Solutions
Recommendation Report, Appendix F-5. The balance of sanitary manholes may be sealed upon
completion of road and sewer improvement works. Cost for manhole rain catchers has been included in
the detail cost estimate of each project.

An allowance for the installation of backflow prevention devices within the Central and East Areas has
been allotted to cover the cost for the installation of these devices at locations where high lake/river
water levels can back up into the City’s sewer system and where interconnections between the
sanitary/combined sewer and storm sewer exist.

Operation and Maintenance Costs

8.6

The costs to operate and maintain the various infrastructure improvements that have been
recommended were not included apart from general LID maintenance costs detailed in Section 2.8.5.
Due to the implementation time horizon, operation and maintenance costs could vary significantly. The
City will need to include the recommended improvements 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.

The City will need to develop an operations and maintenance schedule for the coastal flood protection
measures in the East Windsor service area if there is not one already in place. Because the flood
protection components are critical in providing protection from inland flooding from the Detroit River, it
is recommended that a conservative approach be taken when developing this operation and
maintenance schedule. On-going monitoring and maintenance will need to take place to ensure the
landform barrier, and related infrastructure is not altered in any way that could make the system
vulnerable to failure. The costs for maintenance and inspection of the landform barrier and other
related flood protection infrastructure may vary significantly from year to year, so it is important to be
conservative when estimating this portion of the City’s operation maintenance costs.

Costs to operate and maintain the proposed pump station improvements have not been included in this
report. Itis expected that the overall City wide pump station maintenance budget will increase due to

the upgrades at existing facilities and the new additional pump stations.

Cost Estimate Summary

All construction estimates have been broken down into projects to provide a more accurate
representation of what the costs are to complete infrastructure improvements in the South, East, and
Central Windsor service areas. Pump station improvements and stormwater management facility costs
are separated to identify better costs related to these types of improvements.
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Table 8.4: Infrastructure Improvement Costs

Total costs for all projects, including pump stations, and stormwater management facilities are detailed
in Appendix F-5. The total construction costs have been rounded up to the nearest one hundred
thousand dollars. Table 8.4 below summarizes the total infrastructure improvement costs within each
service area along with the costs to separate the combined and dual manhole sewer systems.

Solution Component Central Windsor South East Windsor Total
Windsor

Public Infrastructure Improvements
Storm Sewer Infrastructure | $232.2M $152.7M $363.7M $748.6M
Sanitary Sewer N/A $30.1M $459.3M $489.4M
Infrastructure
Coastal Flood Protection N/A N/A $9.3M $9.3M
Measures
Combined and Dual $2,551.5M N/A $2,551.5M
Manhole Sewer Separation
Pump Stations $2.7M N/A $42.8M $45.5M
Low Impact Development $120.0M $5.4M $8.8M $134.2M
Measures (LIDs)
TOTAL $2,906.4M $188.2M $883.9M $3,978.5M
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Implementation Plan

In order to assist the City with the prioritization of projects across the City, the following implementation
plan was developed. The project implementation priorities were based primarily on the goals of the
Sewer Master Plan, including reducing the risk of basement flooding, managing surface flooding to meet
the identified level of service and to protect against coastal flooding. The currently identified list of
priority projects may be influenced by future infrastructure, socio-economic or political demands. The
project prioritization identified below should be reviewed frequently and in conjunction with any other
planned City infrastructure works. For instance, planned road improvements required to facilitate
increased traffic demand would provide an opportunity to include required sewer improvements as
well. When completing the detailed design of the recommended improvements, consideration should
be given to the timing and coordination with adjacent private and public projects. There may be
opportunities to coordinate adjacent projects to provide a more economical solution and eliminate
potential reconstruction in the future.

Source Control Programs and Improvements

Projects that have been recommended to control the source of inflow and infiltration into the City’s
system using private property improvements or city/area wide public property improvements have been
identified as immediate. It is recommended that the City proceed with the development of policies,
procedures and obtain the resources necessary to implement these items as they provide the basis for
long-term implementation and maintenance of the City’s system. Proceeding immediately with the
implementations of these source control programs/measures are a critical component in the reduction
of flood risk. Using assumptions described in Appendix E (Technical Report Volume I1), an estimated
quantity of volume reduction inflow into the sewers systems has been quantified, and the
recommended sewer infrastructure improvements have been sized accordingly. The construction of the
sewer improvements alone will not be sufficient to meet the required LOS reduction to the overall risk
of basement flooding.

It should be noted that reduction of Inflow and infiltration into the City’s system will have other long-
term benefits such as:

e Reduction in inflow to treatment plants reducing the volume of excess rainwater entering the
sewer system,

e Providing guidance to residents to protect their properties and reduce the impact on the system
will have benefits on maintenance and reduce insurance claims.

The following summarizes the recommended solutions and describes the next steps the City should take
more immediately.
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Table 9.1: Source Control Project Implementation Recommendations

Project Sewer
System

Comments

Public Infrastructure Inflow Prevention Measures

Rain Catcher Sanitary 733 manholes have been identified as first priority as they are in low lying
Installation System areas or through the sewer model have been observed to receive high
First Priority: 733 volumes of rain water due to their location with the City’s system and
manholes elevation.
The remaining rain catchers are intended to be installed during identified
road/sewer construction works, regular sewer maintenance and/or other
regular annual programs.
Backflow Placement of Backflow Prevention Devices, to protect the City’s Sewer
Prevention System from high river levels and reduce inflow from storm flows into the

sanitary sewer system through existing interconnections.

Pilot Projects

Prevention Subsidy

LID Measures Storm Pilot projects and monitoring to measure the benefit of LIDs will be
System incorporated into the projects listed below that are being completed as

part of the DMAF solutions.

Foundation Drain Sanitary Areas suitable for implementing a foundation drain disconnection pilot

Disconnection System project is recommended (Technical Report Volume II).

Downspout Storm Areas suitable for implementing a downspout disconnection pilot project is

Disconnection System recommended (Technical Report Volume ).

Subsidy Programs

Foundation Drain Sanitary Pending results of the pilot projects recommended above, the City shall

Disconnection System proceed with the implementation of the foundation drain disconnection
bylaw to mandate and enforce disconnection.

Downspout Storm Pending results of the pilot projects recommended above, the City intends

Disconnection System to continue to implement the existing downspout disconnection bylaw (By-
law 26-2008) and to acquire the resources to mandate and enforce
disconnection.

Basement Flood N/A City shall continue to provide this subsidy to property owners.

Enhanced Educational Program

Enhanced N/A
Educational
Program

The city should develop materials and schedule interactive sessions to
provide education and guidance to the public to protect their property and
to reduce strain on the sewer systems.

Policy and Standards

Development
Manual Update

Update the existing development manual to include:

e Revised new sewer design criteria and mechanisms to control
excess inflow, including revised Inflow and Infiltration (1&lI)
allowances and mechanisms to monitor and control excess 1&I
from new development.

® Mandate that new development must not impact downstream
areas, including details on submissions and approvals
required.

e Mandate sewage ejector pumps for new development.
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Project Sewer Comments
System

e Develop standards for the implementation of LIDs in keeping
with the MECPs new guidelines.

Municipal Infrastructure Improvements

9.2.1

Numerous infrastructure projects have been identified through this Master Plan, in addition to several
inflow and infiltration reduction programs for both private and public property. One of the objectives of
this study is to provide a framework for the City administration to guide the implementation of
recommended projects and initiatives and infrastructure improvements.

Recommended solutions have been separated into the following categories.

Table 9.2: Priority Categories for Municipal Infrastructure Projects
Recommended Solution Priority Definition

Immediate Priority Assigned to projects that have already received funding or
include programs/initiatives that set the stage to reduce

High Priority Projects are ranked as High, Medium and Low Priority based on
a detailed ranking matrix.

Medium Priority

Low Priority

Immediate Priority Solutions

The City currently has an 8-year (2020-2028) capital works plan which provides the framework for sewer
improvements that the City has identified through previous studies will provide relief to the City’s
system. The 2020 sewer construction priority list was provided for reference in the development of this
implementation plan. This list was cross referenced with the list of recommended solutions. Where the
storm sewer projects that have been included in the current capital works, budget are consistent with
the recommendations of this study, those projects where assigned an Immediate Priority.

In 2018, the City received Disaster Mitigation and Adaptation Plan funding (DMAF) from the federal
government to assist with the design and construction of a number of projects. Projects include storm
sewer system relief improvements located in the Riverside Area that were recommended from the
previous St. Paul/Pontiac Stormwater Management Report. The City is mandated to complete these
projects by 2028 in order to receive this funding.

In 2020, The City applied for a third intake of DMAF funding which included additional projects that
provide surface flooding and basement flooding relief within the Riverside Area. The City did not receive
funding through this application; however, the City will fund projects that overlap with the project that

\_ received funding in 2018. Recommended solutions included in this submission are included in the table
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below. These solutions coincide with areas that have been noted as a high priority area based on the
detailed ranking exercise described further in the next section.

Table 9.3: Immediate Priority Municipal Infrastructure Projects

Project Construction | Project Type Area System
Timeline

Tranby Park Stormwater Underway DMAF East Storm System
Improvements
Matthew Brady Improvements 2019-2022 DMAF East Storm System
Belle Isle View Improvements 2019-2021 DMAF East Storm System
Eastlawn Ave. Improvements 2021 DMAF East Storm System
East Marsh Pump Station Drainage 2022 DMAF East Storm System
Area - Medard, John M, Florence
Reconstruction
Riverside Dr. - Vista Phase 2A DMAF

Storm Trunk Sewer 2023-2024 DMAF East Storm System

Improvements

Sanitary Trunk Sewer 2023-2024 DMAF East Sanitary System

Improvements

Landform Barrier (Area 1) 2023-2024 DMAF East Coastal Flooding
East Marsh Pump Station Drainage 2023 DMAF East Storm System
Area - Clover Reconstruction
East Marsh Pump Station Drainage 2024 DMAF East Storm System
Area - Elinor and Clairview
Reconstruction
St. Rose Ave. Pump Station TBD DMAF East Storm System
Improvements
St. Rose Ave. storm and sanitary TBD DMAF East Storm/Sanitary
trunk storm sewers along St. Rose System
Ave., Wyandotte St. E., Janisse Ave. ,
Ontario St., St. Mary's St. and
Raymond Ave.
Little River Pollution Control Plant TBD DMAF East Sanitary System
Bypass Improvements
St. Paul Pump Station Improvements | 2024 DMAF East Storm System
Cedarview Sewer Improvements 2024 DMAF East Storm System
Brumpton Park Improvements 2027 DMAF East Storm System
Ford Pump Station Improvements TBD DMAF East Storm System
Belleperche Storm Trunk Sewer 2023-2025 DMAF East Storm System
East Marsh Pump Station Upgrades | 2025 DMAF East Storm System
Lauzon Rd. Reconstruction TBD City Capital East Storm/Sanitary

Works System
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Project Construction | Project Type Area System
Timeline

Prince Rd. Storm Relief Systemand | 2021 City Capitai Central Combined System
Dewaterinng Pump Station - Works
Chappell Ave. - West of Sandwich St.
to McKee Creek (Detroit River
Outlet)
Dorchester Rd. - Prince Rd. to Huron | 2024 City Capital Central Combined System
Church Rd. Sewer Separation Works
Improvements.
Totten St. - Betts Ave. to East of 2026+ City Capital Central Combined System
Partington Rd. Sewer Separation Works
Improvements.
Felix/Marlborough Sewer 2025 City Capital Central Combined System
Separation Improvements. Works
Ellis St. and Giles Blvd. - McDougall 2026+ City Capital Central Combined System
Ave. to Howard Ave. Sewer Works
Separation Improvements.
Lou Romano Water Reclamation TBD City Capital Central Combined System
Plant Retention Treatment Basin Works
and Sandwich St. Sanitary Sewer

9.2.2 High Priority, Medium Priority, and Low Priority Solutions

The balance of solutions recommended in this study is planned for future implementation. Priority has
been assigned to these remaining projects based on various criteria which have been developed and
reviewed with City Administration and the SAC (Stakeholder Advisory Committee). Refer to Table 9.4 for
details regarding the priority ranking criteria. Additional weighting has been applied to ranking criteria
that are most critical in the reduction of flood risk.

Table 9.4: Solutions Priority Rating Criteria and Weighting

Ranking Criteria Methodology Weighting
Level of Basement | High priority is assigned to areas that have higher risk of basement X2
Flooding Risk flooding based on sewer model analysis. Higher priority will be assigned

to areas that have a greater risk due to higher hydraulic grade line during
a 1:5 year event.

Reduction of wet | Priority is given to those solutions that reduce the volume and frequency X2
weather flow to the | of Combined Sewer Overflows (CSOs)
Treatment Plant.
Emergency Access | High priority is assigned to solutions that address surface flooding along X2
for Vulnerable Areas | roadways that are immediately adjacent to vulnerable land use sites,
where alternative access routes are not available.

Refer to Vulnerable Area map (Master Plan Report) for critical areas.
(Hospitals, Long Term Care Centres, Emergency Shelters)

Emergency Access | High priority is assigned to solutions that address surface flooding along X2
for Major Roadways | major arterial roadways that provide critical connections within the
City's road network. Locations that provide below grade crossing points
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Ranking Criteria Methodology Weighting

at the CPR Rail or EC ROW expressway. Minimal locations to cross the
Rail and expressway exist; therefore, roadways that provide this
connection are critical to providing emergency access to local hospitals
for emergency responders.

Average Condition | High priority is assigned to solutions that coincide with the sewer life x1
of combined sewers | cycle replacement.
Cost Effectiveness Higher priority will be assigned to solutions that have the least cost per x1

unit of benefit.

Using these criteria, projects have been separated into three groups, High, Medium and Low Priority,
using a priority rating matrix. For each criteria, data was obtained from the completed calibrated model
(Model Input) to represent the criteria. Summary lists of priority projects for the basement flood
reduction and surface flood reduction are included in Appendix F-6. Using these tables, the City
administration shall develop a plan to proceed with solution mitigation infrastructure construction
planning based on how these recommendations fit into the City’s road reconstruction projects and
maintenance projects and other asset reconstruction costs.

This prioritization list is meant to provide guidance to the City to develop a long term infrastructure
plan. Itis recommended that the City continuously review and re-evaluate the prioritization list
especially as it relates to future climate change projections, the effectiveness of source control
measures and how it overlaps with other road projects or maintenance programs.

It is important to note that public infrastructure improvements are only one part of the comprehensive
solution to mitigate flooding and that the implementation of private property source control and
protection measures are critical in achieving the established level of service. Continuous sewer system
monitoring and modelling analysis will be required to measure the benefit of infrastructure
improvements.

The City will need to make modifications to the City’s operations and maintenance and asset
management programs to include new infrastructure as they are constructed.

Landform Barrier Implementation

The current high water levels in Lake St. Clair and the Detroit River are reaching record levels. Therefore,
it has been identified that coastal flood protection solutions need to be a high priority. The City has
scheduled the completion of the flood protection landform barrier in Area 1 as it coincides with the
construction of the Riverside Vista Phase 2A. Therefore, this area is included in the immediate solutions
priority list. The remaining construction and infill of the existing barrier have been assigned a high
priority. Should external funding resources become available, it is recommended that the City proceed
with these projects.
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Approvals

During detailed design, relevant agency and municipal approvals will be required including, but not
limited to, the Ministry of Environment and Climate Change (MECP) Environmental Compliance
Approval, Essex Region Conservation Authority (ERCA) permits and approvals, and Windsor Utilities
Commision (WUC) approvals for watermain separations.

Archaeological and Natural Environment Assessments completed as part of this project should be
referenced to determine any additional studies or approvals that may be required for Schedule B
projects.

Discussion with the City will be required during detailed design if any additional approvals are required
to construct the recommended improvements.
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Conclusions and Recommendations

Technical Report Volume Il was completed to detail the functional design and analysis of the
recommended sewer and coastal flood protection solutions developed as part of the City of Windsor
Sewer and Coastal Flood Protection Master Plan. The recommended alternatives developed as part of
the modelling process detailed in Technical Report Volume Il infrastructure were designed to a
functional level to achieve the level of service criteria established for surface, basement, and coastal
flooding.

The design criteria applied to determine the functional designs were derived from road and sewer
guidelines including, but not limited to, the City of Windsor Development Manual (dates vary) and the
Ministry of the Environment Design Guidelines for Sewage Works (2008). The criteria were utilized to
establish manhole sizes and spacing, sewer alignments, sewer sizes and slopes for the recommended
functional design solutions. Design criteria established for the coastal flood protection measures
detailed in Section 5.0 were utilized to determine the recommended coastal flooding functional design
solutions.

The functional sewer design solutions were further analyzed to determine any potential conflicts with
existing infrastructure and private properties. Potential conflicts were mitigated where feasible,
including lowering or adjusting alignments of sewers, adjusting pipe slopes, adjusting pipe sizes and re-
routing sewers down streets with less infrastructure. Minimum flow rates based on the InfoWorks
model were maintained as adjustments were made to the recommended functional design solutions.
The recommended storm, sanitary, and coastal flood protection solutions for the various solution areas
are summarized below, and further detailed in Appendix F-1, Appendix F-2, and Appendix F-3:

Storm System Solutions

Central Windsor

e Construction of 18km of new storm sewers;

e Recommended sewer sizes range from 450mm dia. to 3300mm x 2400mm box culverts;

e Construction of four (4) new outfalls and replacement of one (1) outfall;

e Construction of a new 1.30 m3/s pump station on Drouillard Rd.;

e Prince Rd. dewatering pump;

e Installation of a 3,000m? underground stormwater storage facility within the Optimist Park
parking lot.

South Windsor

e Construction of 8.7km of new storm sewers;

\ e Recommended sewer sizes range from 300mm dia. to 2400mm x 1800mm box culverts;
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e Construction of new stormwater surface storage dry ponds;
0 Dry pond on Howard Avenue @ Grand Marais Rd E with a volume of 2,433m3
0 Dry pond on Dougall Avenue @ South Cameron with a volume of 14,000m?
e Expansion of the existing Central Pond. Total volume of 106,000m?3;
e |Installation of an 11,000m? underground stormwater storage facility within the Fiat Chrysler
parking lot;
e Improvements to Southwood Lakes ponds to lower the Normal Water Level (NWL) of three (3) of
the existing ponds.

East Windsor

e Construction of 40 km of new storm sewers;
e Recommended sewer sizes range from 300mm dia. to 4200mm x 1800mm box culverts;
e Installation of five (5) underground stormwater storage facilities:
0 4,725m3 within Brumpton Park
0 7,000m3 on Wyandotte St E. @ Watson Avenue;
0 5,000m* @ 8380 Wyandotte St. E
0 5,000m3 within Meadowbrook Park
0 31,625m? within Roseville Garden Park
e Construction of a new stormwater surcharge storage pond in the Little River Golf course with a
volume of 20,000m?.
e Construction of two (2) new pump stations:
0 St. Rose Pump Station with a pump rate of 13.5m3/s
0 Pontiac Pump Station/ LRPCP Overflow with a pump rate of 2.5m3/s
e Modifications to existing pump stations:
0 St. Paul Pump Station capacity upgrade. New pump rate of 18.2m3/s
0 Ford Pump Station pump replacement. New pump rate of 0.5m3/s
0 East Marsh Pump Station pump replacement. New pump rate of 1.7m?/s
e Lakeview Pump Station pumping system and outlet pipe upgrades. Increase pump rate to 0.65
m3/s. New 600mm dia. outlet pipe to Detroit River to replace existing 300mm dia. outlet pipe.

Sanitary System Solutions
East Windsor

e Construction of 41.7km of new sanitary sewers;
e Recommended sewer sizes range from 300mm dia. to 4200mm x 2700mm box culverts;

South Windsor

e Construction of 6.9km of new sanitary sewers;
\ e Recommended sewer sizes range from 600mm dia. to 825mm dia.
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Coastal Flood Protection Solutions

e Construction of 2.7km of new landform barrier and improvements to the existing landform
barrier along Riverside Dr. to meet the flood protection elevation of 176.50m;

e Backflow prevention measures for sewers crossing the landform barrier;

e Local storm sewers adjacent to the landform barrier ranging in size from 450mm to 525mm in
diameter;

e Emergency infill areas where temporary flood protection measures are required to provide a
continuous barrier.

The findings of this study and solutions are functional in nature and provide direction on the designs
that would be effective in addressing surface and basement flooding concerns. Project prioritization
and implementation plan has been identified for the recommended solutions within each service area
and is detailed in Appendix F-6.
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City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA | SOLUTION AREA | PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
SANITARY SEWER IMPROVEMENTS
*6914m of sanitary trunk sewer improvements
*Road reconstruction
eConnections to existing sanitary sewers
Woodland Avenue 600 mm dia. 1510 m =New private drain connections
*Removal of existing sanitary sewer
eIntersection reconstruction on Howard Ave
ePotential boulevard reconstruction on
- Roselawn Drive
Howard Avenue 825 mm dia. 1150 m
Parkwood Avenue 600 mm dia. 515m
Lou Romano Water Sydney Avenue 600 mm dia. 106 m
South Windsor Reclemation Plant LRWRPA?;VT Shed SAN-S-1 Malcolm Avenue 600 mm dia. 106 m
Sewershed Area Calderwood Avenue 750 mm dia. 210m
Foster Avenue 750 mm dia. 67m
Conservation Drive 750 mm dia. 359m
825 mm dia. 355m
EC Row Avenue East 600 mm dia. 141 m
Tourangeau Road 600 mm dia. 390m
Grand Marais Road East 600 mm dia. 573 m
Dominion Boulevard 600 mm dia. 1245 m
Roselawn Drive 600 mm dia. 187 m
«3527m of sanitary trunk sewer improvements
Riverside Drive East 900 mm dia. 1014 m *Road reconstruction
«Connections to existing sanitary sewers
Riverside Drive East 4200 mm X 2400 mm 403 m *New private drain connections
} Little River Pollution LRPCP Sewershed Area Easement 300 mm dla 11m eRemoval of existing sanitary sewer
East Windsor Control Plant 1- Martenique SAN-E-2 St. Rose Avenue 900 mm dia. 217m «13,850m3 of in-line sanitary storage
Sewershed Area Ganatchio Trail 1500 mm dia. 364 m «Trail restoration
4200 mm X 2400 mm 610m «Private property easement/acquisition
1500 mm dia. 463 m required
Clairview Avenue 4200 mm X 2400 mm 361 m
300 mm dia. 84 m
300 mm dia. 251 m *4399m of sanitary trunk sewer improvements
375 mm dia. 205m *Road reconstruction
750 mm dia. 117m =Connections to existing sanitary sewers
900 mm dia. 1664 m <New private drain connections
. Little River Pollution LRPCP Sewershed Area Wyandotte Street East 1500 mm d.la' 160 m -Removgl of existing sanitary sewer
East Windsor Control Plant SAN-E-2 525 mm dia. 513 m ePotential boulevard reconstruction
2 - Wyandotte - N ;
Sewershed Area 450 mm dia. 515m «4320m? of in-line sanitary storage
600 mm dia. 169 m
675 mm dia. 64 m
3600 mm X 1800 mm 675m
Carling Crescent 300 mm dia. 30m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA | SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
SANITARY SEWER IMPROVEMENTS
4200 mm X 2400 mm 759 m *1567m of samtar)_/ trunk sewer improvements
Jerome Street *Road reconstruction
Little River Pollution 300 mm dia. 10 m «Connections to existing sanitary sewers
East Windsor Control Plant LRPCP 33 ?‘ﬁ:r:zd Area SAN-E-2 Westchester Drive 3900 mm X 2400 mm 240 m «New private drain connections
Sewershed Area Rholaine Drive 3600 mm X 2400 mm 151 m ~Removal of existing sanitary sewer
Greendale Drive 3900 mm X 2400 mm 236 m «13,410m? of in-line sanitary storage
Thompson Park 1800 mm dia. 172 m
1800 mm dia. 1771 m +15583 m of sanitary trunk sewer
Edgar Street 4200 mm X 2400 mm 519m improvements
Tranby Avenue 600 mm dia. 664 m *Road reconstruction
Little River Road 4200 mm X 2490 mm 422m =Connections to existing sanitary sewers
300 mm dia. 10m =New private drain connections
375 mm dia. 347m <Removal of existing sanitary sewer and
Little River Acres Drive 450 mm dia. 466 m combined where applicable
525 mm dia. 61m «Private property easments/acquisition
Catherine Street 525 mm dia. 543 m required
525 mm dia. 133m +14,040 m3 of in-line sanitary storage
Lauzon Parkway 23(5) mm g!a- Z; m <Multiple intersections requiring
mm dia. m reconstruction
1200 mm dia. 570m
Lauzon Road 900 mm dia. 61m
1050 mm dia. 1186 m
300 mm dia. 11m
375 mm dia. 81m
450 mm dia. 11m
Little River Polluttion ) 900 mm dia. 218 m
East Windsor Control Plant LRPCP Szlej’\gsz:ad Area SAN-E-2 South National Street 1200 mm dia. 144 m
Sewershed Area 9 1800 mm dia. 125m
3000 mm X 2400 mm 191 m
3900 mm X 1800 mm 137 m
250 mm dia. 6m
300 mm dia. 10m
Jefferson Boulevard 825 mm dia. 350 m
2100 mm 17m
4200 mm X 2400 mm 417m
675 mm dia. 241 m
Balfour Boulevard 750 mm dia. m
450 mm dia. 570m
Glendale Avenue 750 mm dia. om
Ferndale Avenue 450 mm dia. 413m
525 mm dia. 141 m
Ford Boulevard 750 mm dia. 379m
675 mm dia. 50 m
Tecumseh Road East 900 mm dia. 36 m
Rivard Avenue 675 mm dia. 1354 m
Grandview Street 600 mm dia. 532m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA | SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
SANITARY SEWER IMPROVEMENTS
Courtland Crescent 1200 mm dia. 77m +15583 m of sanitary trunk sewer
Coronation School . improvements
Yard/Pikes Park/ WECHC 1200 mm dia. 1294 m .Rzad reconstruction
1350 mm dia. 152m ~Connections to existing sanitary sewers
N . 1500 mm dia. 8lm <New private drain connections
Little River Polluttion LRPCP Sewershed Area Rose Street 1800 di *Removal of existing sanitary sewer and
East Windsor Control Plant SAN-E-2 mm dia. 192m ) gs y
Sewershed Area 4 - Edgar - conr_lbmed where applicable o
2100 mm dia. 110 m ~Private property easments/acquisition
. required
. 375 mm dia. 329m *14,040 m3 of in-line sanitary storage
Jos St. Louis Avenue 600 mm dia. *Multiple iqtersections requiring
367m reconstruction
300 mm dia. 10m «16,784m of sanitary trunk sewer
1200 mm dia. 8lm improvements
Aspen Lake - Kiwanis Park 3000 mm dia. 2022m *Road reconstruction
4200 mm X 2700 mm 915m =Connections to existing sanitary sewers
4200 mm X 2400 mm 257m *New private d.rai.n conngctions
*Removal of existing sanitary sewer
Cypress Avenue 3000 mm dia. 348m -Pri\{ate property easements/acquisitions
required
*14,515m3 of in-line sanitary storage
Forest Glade Dr (Tecumseh 2700 mm dia -Railway c.rossings. N
to Cypress - Private Property) ’ *Multiple intersections requiring
186 m reconstruction
Forest Glade Drive 2700 mm dia. 1758 m
Jefferson to Cantelon .
_ _ _ (Private Property) 450 mm dia. 175m
Little River Pollution |LRPCP Sewershed Area
East Windsor Control Plant 5 - Aspenshore/Beverly. SAN-E-2 525 mm dia. 288'm
Sewershed Area Glen -
Cantelon Drive 675 mm dia. 9 m
750 mm dia. 183 m
825 mm dia. 373m
. 1350 mm dia. 279 m
Hawthorne Drive 1500 mm dia 52 m
600 mm dia. 540 m
675 mm dia. 378 m
Esplanade Drive 750 mm dia. 143 m
1800 mm dia. 637m
1950 mm dia. 91 m
Elinor Street 4200 mm X 1800 mm 187 m
600 mm dia. 284 m
Florence Avenue 300 mm dia. 386 m
John M Street 300 mm dia. 138 m
300 mm dia. 47m
Menard Street 600 mm dia. 100m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA | SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
SANITARY SEWER IMPROVEMENTS
Clover Street 375 mm dia. 203 m «16,784m of sanitary trunk sewer
Beverly Glen Street 4200 mm X 2700 mm 977 m improvements
*Road reconstruction
Whistler Cres to Beverly Glen 4200 mm X 2700 mm 212m =Connections to existing sanitary sewers
4200 mm dia. 91m =New private drain connections
Whistler Crescent 2500 mm dia. 153 m *Removal of existing sanitary sewer
Cora Greenwood Park 2500 mm dia. 98 m Private property easements/acquisitions
Rendezvous Crt to Cora 1500 mm dia. 149m required
Geenwood Park (Private 3% 900mm dia. o14§515m3 of ip-line sanitary storage
Property) 288 m ~Railway crossings
Core Greenwood Drive 3x 900mm dia. 90m =Multiple intersections requiring
_ ) _ Greenpark Boulevard 600 mm dia. 425m reconstruction

Little River Pollution [LRPCP Sewershed Area 1050 mm dia. 298'm
East Windsor Control Plant 5 - Aspenshore/Beverly. SAN-E-2 Little River Blvd 1050 mm dia. 100 m
Sewershed Area Glen 250 mm dia. 43m
Jarvis Avenue 525 mm dia. 466 m
600 mm dia. 205m
900 mm dia. 492 m
Banwell Road 825 mm dia. 247m
750 mm dia. 244 m
. 1050 mm dia. 46 m
Rosebriar Road 975 mm dia. A
675 mm dia. 194 m
Wildwood Drive 750 mm dia. 264 m
450 mm dia. 384 m
! 450 mm dia. 197 m
Deerbrook Drive 525 mm dia. 7 m
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City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
«188m of storm sewer improvements
*New outlet to McKee Creek including a
dewatering pump station.
Prince Street Sewer ) *Private property ea§ement required
Central Windsor Detroit River Outlet STM-C1 Chappell Avenue 2700 mm dia. 188 m =Relocation of security booth
*Private railway crossing
=Road reconstruction
«Connect to existing storm trunk sewer
«New private drain connections
«300m of storm sewer improvements
<Improved outlet to Detroit River
«Private property works
Central Windsor Detroit River Detroit Street Sewer STM-C2 Detroit Street 1200 mm dia. 300m *Road reconstruction
«Separate proposed storm sewer from
combined system
=New private drain connections
«3050m of storm sewer improvements
South Cameron BIvd. 1050 mm dia. 148 m *New o_utlet to Detroit River with erosion
protection measures
*Road reconstruction
1350 mm dia. 218m ~Railway crossing on Curry Ave
1500 mm dia. 246 m «Replace existing combined sewers with
1650 mm d?a. 120 m sanitary sewers
Curry Avenue 1950 mm dia. 261 m «Existing storm sewer connections
2100 mm dia, 102 m <New private drain connections
2400 mm x 1800 mm 104 m
) o 2800 mm x 2200 mm 137 m
Central Windsor Detroit River Cameron Street Sewer STM-C3 Tecumseh Road West 1350 mm dia. 84m
Everts Avenue 600 mm di?' 1m
1350 mm dia. 41m
Grove Avenue 900 mm dia. 96 m
College Avenue 1200 mm dia. 14m
Rooney Street 2800 mm x 2200 mm 72m
McKay Avenue 2800 mm x 2200 mm 164 m
3300 mm x 2200 mm 435m
Martindale Street 3300 mm x 2200 mm 74m
Cameron Avenue 3300 mm x 2200 mm 603 m
3300 mm x 2400 mm 60 m
*2144m of storm sewer improvements
Giles Boulevard West 2700 mm dia. 106 m =New outlet to Detroit River with erosion
protection measures
2700 mm dia. 1058 m =Road reconstruction
N *Replace existing combined sewers with
Central Windsor Detroit River Bruce Avenue Sewer STM-C4 Bruce Avenue 3300 mm dia. 360m sanitary sewers
*Existing storm sewers tie-ins
3600 mm dia. 472m «Combined sewer over flow removal
*New private drain connections
Elliot Street 1650 mm dia. 148 m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
1500 mm dia. 218 m *863m of storm sewer improvements
Parent Avenue - =New outlet to Detroit River with erosion
1800 mm dia. 195m protection measures
. i *Road reconstruction
Marentette A Assumption Street 1650 mm dia. 118m *Replace existing combined sewers with
Central Windsor Detroit River aren Se € Avenue STM-C5 sanitary sewers
ewer Chatham Street East 1800 mm dia. 145m =Connections to existing storm sewers
*Replace combined sewers with sanitary
sewers
Marenette Avenue 1800 mm dia. 187 m *New private drain connections
«40m of proposed storm sewer
«|nstallation of a 3000m?3 underground storage
Central Windsor Detroit River Ypres Avenue STM-C6 Ypres Avenue 825 mm dia. 40m facility
«Parking lot reconstruction
« 546m of storm sewer improvements
*Private property easement required
«Railway crossing (trenchless installation
1650 mm dia. 192m
Albert Road recommended)_ ) o
) o «Connect to existing outlet at Detroit River
Central Windsor Detroit River Albert Street STM-C7 ~Removal of existing storm sewers
- =Road reconstruction
1650 mm dia. 165m
450 mm dia. 75m
Wyandotte Street East -
750 mm dia. 114m
. «352m of storm sewer improvements
Wyandotte Street East 825 mm dia. 40m «~Removal of existing storm sewers
- «Existing Drouillard pump station removal
Central Windsor Detroit River Drouillard Road STM-C8 825 mm dia. 285m «Construction of new 1.25 cms pump station
Drouillard Road *Road reconstruction
900 mm dia. 27m «Connections to existing storm sewers
Intersection reconstruction
750 mm dia. 178 m «390m of storm sgwer improvements
*Removal of existing storm sewers
Central Windsor Detroit River College Avenue STM-C9 College Avenue 900 mm dia. 198 m ~Road reconstruction
«Connection to Prince Rd trunk sewer
1050 mm dia. 14m «Backflow preventor required
Huron Church Road 1200 mm dia. 82m «1707m of storm sewer improvements
Dorchester Road 1800 mm X 1800 mm 96 m *Removal of existing storm sewers
600 mm dia. 28 m *Removal and realignment of combined
) o _ Felix Avenue 900 mm d'?' 2im sewers L
Central Windsor Detroit River Felix Avenue STM-C10 1800 mm dia. 1227 m «Connections to existing sewers
1800 mm x 1800 mm 132m eRemoval of combined sewer overflows
1500 mm dia. 44m =Road reconstruction
College Avenue 1650 mm dia. 71 m *New private drain connections

«New traffic signals




City of Windsor Sewer and Coastal Flood Protection Master Plan

SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
Campbell Avenue 1050 mm dia. 59 m «1614m of storm sewer improvements
Tecumseh Road West 1050 mm dia. 237m *Removal of existing storm sewers
Pelletier Street ;28 mm g!a- 21326”1 =Connections to existing sewers
Central Windsor Detroit River Partington Avenue STM-C11 mm dia. m “Road reconstruction ) ]
1200 mm dia. 251 m *Replace combined sewers with sanitary
Partington Avenue 1500 mm dia. 599 m sewers ) )
1650 mm dia. 220m *New private drain connections
- . *621m of storm sewer improvements
Patricia Road 1200 mm dia. 406 m ~Removal of existing storm sewers
=Connections to existing sewers
Central Windsor Detroit River Patricia Road STM-C12 ~Road reconstr_uctlon . .
*Replace combined sewers with sanitary
Wyandotte Street West 1200 mm dia. 215m sewers
*New private drain connections
*68m of storm sewer improvments
=Removal of existing storm sewers
Central Windsor Detroit River Huron Church Road STM-C13 Huron Church Road 3000 mm x 2400 mm 68 m ~Road reconstruction
*555m of storm sewer improvements
1350 mm dia. 237m eremoval of existing storm sewers
Tecumseh Road West =Road reconstruction
Central Wind Detroit Ri T h Road West STM-C14 . =Connection to existing pump station
entral Windsor eroit River ecumseh Road Wes : 1500 mm dia. 78m =Replace combined sewers with sanitary
sewers
Tecumseh Blvd West 1500 mm dia. 240 m *New private drain connections
Shepherd Street 1650 mm dia. 234m «3722m of storm sewer improvements
McDougall Street 1650 mm dia. 1042 m *Removal of existing storm sewers
Howard Avenue 600 mm dia. 460 m eroad reconstruction
Central Windsor Detroit River Giles Boulevard STM-C15 ) 1650 mm dia. 924m ~Combined sewer overflow removals
Giles Boulevard 1800 mm x 1200 mm 327 m =Connections to existing storm sewers
2400 mm x 1200 mm 209m =New private drain connections
Erie Street East 1650 mm dia. 526 m *Replace combined sewers with sanitary
sewers
) «448m of storm sewer imrovements
750 mm dia. 145m ~Removal of existing storm sewers
Parent Avenue =Road reconstruction
i *Roundabout reconstruction
Central Windsor Detroit River Parent Avenue STM-C16 825 mm dia. 183 m . . .
*New private drain connections
*Replace combined sewers with sanitary
Erie Street East 1200 mm dia. 120m sewers
«Connections to existing storm sewers




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA

DRAINAGE AREA

SOLUTION AREA

PROJECT CODE

PROJECT NAME

SEWER SIZES

SEWER LENGTHS

DESCRIPTION OF WORKS

STORM SEWER IMPROVEMENTS

Central Windsor

Detroit River

Lincoln Road

STM-C17

Niagara Street

3600 mm dia.

103 m

Lincoln Road

3600 mm dia.

204 m

«307m of storm sewer improvements
*Removal of existing storm sewers
*Road reconstruction

*New private drain connections
*Replace combined sewers with sanitary
sewers

=Connections to existing storm sewers

Central Windsor

Detroit River

Ontario Street

STM-C18

Walker Road

1800 mm dia.

22m

1800 mm dia.

150 m

Ontario Street

1950 mm dia.

272m

*444m of storm sewer improvements
«Removal of existing storm sewers
*New private drain connections
*Replace combined sewers with sanitary
sewers

=Connections to existing storm sewers
*Road reconstruction

Central Windsor

Detroit River

Walker Road

STM-C19

Walker Road

1350 mm dia.

233 m

Mohawk Street

1350 mm dia.

404 m

*637m of storm sewer improvments
<Removal of existing storm sewers
*New private drain connections
=Connections to existing storm sewers
*Replace combined sewers with sanitary
sewers

*Road reconstruction

South Windsor

Grand Marais Drain

Dougall Avenue and
Eugenie Street East

ROAD-S1-1

825 mm dia.

288 m

Eugenie Street East

1050 mm dia.

98 m

900 mm dia.

39m

1350mm dia.

196 m

Ouellette Place

1800 mm dia.

298 m

2400 mm x 1200 mm

526 m

«1445m of storm sewer improvements
=Intersection reconstruction including new
traffic signals

*Removal of existing storm sewers
«Connections to existing sewers

«Installation of stormwater management pond
at Dougall Ave and South Cameron Blvd.
4597m?3 of storage at 182.861m and 26,800m3
of storage at 185.10m.

«Private property easements/acquisition
required

=Road reconstruction

South Windsor

Grand Marais Drain

Howard Avenue

ROAD-S2-2

Howard Avenue

900 mm dia.

1016 m

1200 mm x 900 mm

203 m

«1219m of storm sewer improvements
Intersection reconstruction including traffic
signals

*Road reconstruction

*Removal of existing storm sewers
«Connections to existing storm sewers

« Installation of 2,433m3 stormwater
management pond at 2929 Howard Avenue
«New private drain connections

*Private property easements/acquistion
required




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
«1185m of storm sewer improvements
600 mm dia. 111m ~Parking lot reconstruction
«Removal of existing storm sewers
675 mm dia. 129 m *Road reconstruction
«Private property works
South Windsor Grand Marais Drain Chrysler Centre ROAD-S3-2 Chrysler Centre 1050 mm dia. 497 m *Removal of existing storm sewers
«|nstallation of 11,000m? underground storage
1200 mm dia. 247 m facility W|_th|n Fiat C_hrysler parking lot
=Connections to existing storm sewers
1500 mm dia. 201 m
Pillette Road 825 mm d?a. 182m *4591m of storm sewer improvements
900 mm dia. 335m *Road reconstruction
525 mm dia. 120m *Removal of existing storm sewers
Tourangeau Road 600 mm dia. 120m «Connections to existing storm sewers
750 mm dia. 303m «New private drain connections
George 525 mm dia. 240 m =Expansion to existing central pond to
600 mm dia. 226 m 82,000m? at 185.10m and 106,000m3 at
600 mm dia. 98 m 185.70m.
750 mm dia. 150 m =Private property easements/acquisition
] 825 mm d?a. 151 m required
South Windsor Grand Marais Drain Central, Elllette and ROAD-S7-3 Central Avenue 900 mm d'_a' 541m
Regional 1050 mm dia. 93 m
1200 mm dia. 140 m
1350 mm dia. 250 m
1500 mm dia. 421 m
300 mm dia. 18 m
. 1200 mm dia. 365 m
Grand Marais Road East 1500 mm dia. 323 m
1650 mm dia. 297 m
1500 mm dia. 50m
Plymouth Drive 1650 mm dia. 91m
1800 mm dia. 57m
. «301m of storm sewer improvements
300 mm dia. 131m «Lowering of the normal water level in Lake
) Grande, Lake Como, Lake Laguna
525 mm dia. 49m =Remove existing sewers connecting the
South Windsor Lennon Drain Southwood Lakes STM-S8-2 Southwood Lakes ponds
*New storm sewers connecting the ponds
600 mm dia. 121 m «Pond bank restoration
«Outlet modifications
«Private property easements required
*65m of storm sewer improvements
*Removal of existing storm sewers
East Windsor Detroit River Ford STM-E1-2 RIVERSIDE DR E 1050 mm dia. 65m

=Connections to existing storm sewers
*Road reconstruction




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
375 mm dia. 39m «3336 m of storm sewer improvements
RIVERSIDE DR E 1050 mm dia. 52m *Removal of existing storm sewers
2400 mm dia. 1596 m «Connections to existing storm sewers
ORCHARD GROVE 300 mm dia. im ~Construction of a new 13.5 cms pump station
450 mm dia. 58 m within St. Rose Beach park
GLIDDEN AVE 750 mm dia. 139m ~Landform Barrier along the north side of
ST MARY'S BLVD 1800 mm x 900 mm 270m Riverside Drive
East Windsor Detroit River St. Rose STM-E1-2 JANISSE DR 18033? I:]nn(]ila. ZgoolnT ~Local sewers adjacent to landform barrier
ST ROSE AVE 3050 mm X 1830 T I8 with back_flow prevention measures
<New private drain connections
3050 mm x 1830 mm 126 m ~Backflow prevention measures implemented
WYANDOTTE STE aBSOOOnTrerdi;a. 13220nT on sewers crossing the landform barrier.
500 mm X 1800 T T *Road reconstruction
ONTARIO ST 1800 mm x 900 mm 103 m
750 mm dia. 145m
PATRICE DR 450 mm dia. 135m «1627 m of storm sewer improvements in
900 mm dia. 128 m cluding in-line storage sewers on Jefferson
300 mm dia. 273 m Blvd
JZT:EEZZ?;\;D 420090m0m X 1200 mm 525 m =Removal of existing storm sewers
) - ! mm dia. im ~Connections to existing storm sewers
East Windsor Detroit River St. Rose ROAD-E2 1800 mm x 900 mm 560 m <New private drain connections
2400 mm x 1200 mm 173m -Road reconstruction
RAYMOND AVE «Private property easements/acquisition
. required
900 mm dia. 68 m
2700 mm dia. 95m «2512m of storm sewer improvements
LAUZON RD 2400 mm d?a. 1227 m -Remova! of existing storm sewers
2275 mm dia. 68 m =Connections to existing storm sewers
2100 mm dia. 528 m =Road reconstruction
East Windsor Detroit River St. Paul ROAD-E5 CLARVIEW AVE 1800 mm dia. 400 m “New private drain connections .
Private property easements/acquisition
required
«Trail improvements
*Reconstruction of multiple roadway
CECILE ST 2700 mm dia. 188 m intersections
«1709m of storm sewer improvements
=Removal of existing storm sewers
BELLEPERCHE PL 1800 mm x 900 mm 909 m «Connections to existing storm sewers
525 mm dia. 492m «Construction of a new 18.2 cms pump station
2400 mm x 1800 mm 191m adjacent to the existing St. Paul pump station
East Windsor Detroit River St. Paul STM-E1-2 1800 mm dia. 28m «Potential rading improvements around pump
stations to meet flood protection elevation
ST PAUL AVE =Road reconstruction
«New private drain connections
2700 mm dia. 89m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
WYANDOTTE STE 750 mm dia. 62m «150m of storm sewer improvements
450 mm dia. 25m -Remova! of e>ust|ng §torm sewers
«Connections to existing storm sewers
*Road reconstruction
- i 3
East Windsor Pontiac Pontiac ROAD-E9-2 Installation of 5,000m unqgrground
stormwater management facility at 8380
WATSON ST 600 mm dia. 63 m Wyandotte St. E
Installation of a 8,000m3 underground
stormwater management facility at the NE
corner of Wyandotte St. E and Watson Ave.
CEDARVIEW ST 1050 mm d_la. 645m «3691 m of storm sewer improvements
375 mm dia. 36m *Removal of existing storm sewers
RIVERSIDE DR E 600 mm dia. 218 m ~Connections to existing storm sewers
900 mm dia. 644 m =Road reconstruction
CLAIRVIEW AVE 450 mm dia. 436 m ~Backflow prevention measures implemented
ADELAIDE AVE 450 mm dia. 95m on sewers crossing the landform barrier.
CLOVERST 450 mm dia. 329m ~Potential grading modifications to existing
East Windsor East Marsh Pontiac STM-E6-1 975 mm dia. 36m landform barrier along the Ganatchio Trail to
ELINOR ST ‘7128 mm g!a' 33991 m meet flood protection elevation
OIS - mm d!a. 130m ~Installation of a 4,725me underground
mm aia. m tormwater management facility in Brumpton
MENARD ST 450 mm dia. 198 m Park g y P
450 mm dia. 223 m
FLORENCE AVE 900 mm dia. 130 m
1050 mm dia. 141m
«703m of storm sewer improvements
*=Removal of existing storm sewers on Lauzon
Rd
East Windsor Blue Heron Lakeview ROAD-E10 BANWELL RD 1800 mm dia. 703 m =Connections to e>.<|st|ng storm sewers
*Road reconstruction
«New private drain connections
*Reconstruction of roadway intersections
2400 mm dia. 62m «1232 m of storm sewer improvements
BLUE HERON DR 1650 mm d?a. 9m *Removal of existing storm sewers
1200 mm dia. 606 m =Connections to existing storm sewers
East Windsor Blue Heron Lakeview ROAD-E8 *Road reconstruction
«New private drain connections
<Private property easement/acquisition
MCNORTON ST 1050 mm dia. 485m required
MCHUGH ST 4200 mm x 1500 mm 533m +1064m of storm ewer improvements
QUESTA DR 1200 mm dia. 245m «Removal of existing storm sewers
CHATEAU AVE 1200 mm dia. 199 m ~Connections to existing storm sewers
East Windsor Blue Heron Lakeview ROAD-E7 =Road reconstruction
i «New private drain connections
LEATHORNE ST 1200 mm dia. 87m

*Boulevard reconstruction on Questa Dr
«In-line storage sewers along McHugh St




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
375 mm dia. 13m «2212m of storm sewer improvements
KATELLA AVE 600 mm d!a. 107 m -Remova! of existing storm sewers
675 mm dia. 223m «Connections to existing storm sewers
750 mm dia. 98 m =Road reconstruction
375 mm dia. 2m <New private drain connections
VENETIAN AVE 200 mm g!a- ;(1)2 m ~Improved outlet to Detroit River adjacent to
722 mm d!a' 5 m Rendezvous Shores subdivision
- . mm dia. m
East Windsor Blue Heron Lakeview STM-E5-1 375 mm dia. om
600 mm dia. 211m
MORNINGSTAR AVE 575 mm dia. 108 m
900 mm dia. 108 m
525 mm dia. 160 m
LITTLE RIVER BLVD 900 mm dia. 485 m
1800 mm dia. 63 m
RENDEZVOUS CRT 600 mm dia. 190 m
«101m of storm sewer improvements
*Removal of existing storm sewers
East Windsor Little River Little River STM-E6-2 PEPPERVINE ST 600 mm dia. 101m =Connections to existing storm sewers
*Road reconstruction
«New private drain connections
3600 mm x 1800 mm 118 m «388m of storm sewer improvements
*Removal of existing storm sewers
) . ) . ) =Connections to existing storm sewers
East Windsor Little River Little River ROAD-E6-3 MCHUGH ST 4200 mm x 1200 mm 270 m <Road reconstruction
«New private drain connections
«In-line storage sewers on McHugh St
LITTLE RIVER GOLE «705 m of storm sewer improvements
2400 mm x 1200 mm 152m ~Removal of existing storm sewers
COURSE . S
4200 X 1800 T = «Connections to existing storm sewers
=Road reconstruction
1800 mm dia. 66m In-line stqrage sewers on Lauzog Pkwy
East Windsor Little River Little River ROAD-E4-3 =Construction of a new 20,000m? stormwater
management pond within the Little River Golf
LAUZON PKWY Course
. Installation of 5,000m3 underground storage
375 mm dia. 10m R
facility within Meadowbrook Park
«659m of storm sewer improvements
1800 mm x 900 mm 106 m *Removal of existing storm sewers
=Connections to existing storm sewers
) _ ) _ 2400 mm x 900 mm 433m *Road reconstruction
East Windsor Little River Little River ROAD-E11 ROSEVILLE GARDEN DR =New private drain connections
4200 mm x 1800 mm 73m oPnyate property easements/acquisition
required
Installation of 31,625m3 underground
600 mm dia. 47m storage facility within Roseville Park




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
525 mm dia. 26m «899 m of storm sewer improvements
TECUMSEHRD E
1325 mm x 1200 mm 144m *Removal of existing storm sewers
JEFFERSON BLVD 900 mm dia. 250m =Connections to existing storm sewers
*Road reconstruction
East Windsor Little River Little River STM-E3-2-3 JOS STLOUIS AVE 600 mm dia. 419 m «New private drain connections
«In-line storage sewers along Tecumseh Rd E.
SOUTH NATIONAL ST 900 mm dia. 60m =Potential property easement/acquistion
required
900 mm dia. 157m «2475 m of storm sewer improvements
TECUMSEH RD E 3000 mm x 1800 mm 530 m *Removal of existing storm sewers
2400 mm x 900 mm 102m =Connections to existing storm sewers
600 mm d!a. 99m *Road reconstruction
BUCKINGHAM DR 675 mm dia. 129m «New private drain connections
750 mm dia. 57m «In-line storage sewers along Tecumseh Rd E.
East Windsor Little River Little River STM-E3-2-2 FORD BLVD 525 mm dia. 135m
450 mm dia. 116 m
600 mm dia. 63 m
WESTMINSTER BLVD 575 mm dia. 115 m
750 mm dia. 173 m
PRINCESS AVE 600 mm dia. 396 m
NORMAN RD 750 mm dia. 403 m
375 mm dia. 101m «2201 m of storm sewer improvements
450 mm d?a. 82m *Removal of existing storm sewers
BALFOUR BLVD 675 mm dia. 83m ~Connections to existing storm sewers
750 mm d!a. 52m *Road reconstruction
825 mm dia. 137m =New private drain connections
900 mm dia. 127m Private propert easement/acquisition
East Windsor Little River Little River STM-E3-2-4 CORONATION AVE 3600 mm x 1200 mm 97m required
GLENDALE AVE ggg mm g!‘l ggg m ~Trenchless storm sewer installation from
mm dia. m Coronation Ave on railway property
FERNDALE AVE 600 mm dia. 205m «In-line storage sewers along Jefferson Blvd.
1200 mm dia. 297 m
JEFFERSON BLVD 3800 mm x 1500 mm 437m
2400 mm x 1200 mm 71m




City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF FUNCTIONAL DESIGN SOLUTIONS - SOUTH, CENTRAL AND EAST WINDSOR AREAS

CITY AREA DRAINAGE AREA SOLUTION AREA PROJECT CODE PROJECT NAME SEWER SIZES SEWER LENGTHS DESCRIPTION OF WORKS
STORM SEWER IMPROVEMENTS
450 mm dia. 91m «2013 m of storm sewer improvements
FORD BLVD 525 mm dia. 275m *Removal of existing storm sewers
600 mm dia. 279 m =Connections to existing storm sewers
675 mm d!a. 78m *Road reconstruction
Ford STM-E3-2-1 BUCKINGHAM DR 525 mm dia. 197m «New private drain connections
600 mm dia. 634 m
525 mm dia. 102 m
EMPRESS ST 750 mm dia. 22m
Little River (Future 675 mm dia. 121m
East Windsor Detroit River Drainage SOUTH NATIONAL ST 750 mm dia. 114 m
Area) BALFOUR BLVD 3600 mm x 2400 mm 32m «1612 m of storm sewer improvements
GLENDALE AVE 825 mm dia. 630m *Removal of existing storm sewers
FERNDALE AVE 525 mm dia. 90m =Connections to e>.<isting storm sewers
600 mm dia. 352m *Road reconstruction
Ford STM-E3-2-4 «New private drain connections
«In-line storage sewers along Balfour Blvd.
SOUTH NATIONAL ST 3600 mm x 2400 mm 508 m

and South National St.
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City of Windsor
Sewer and Coastal Flood Protection Master Plan

Cost Estimate Assumptions

The estimate of probable costs included in this report are based on the following overall project
assumptions.

e Estimated construction costs are based on the improvements identified in the Preferred
Solution Figures, which represent Preliminary Designs.

e Improvement concept plans are subject to change based on additional information
determined/developed during the detailed design stages.

e Wherever a sewer improvement is identified, construction costs include full road reconstruction
including, but not limited, to the following components:

o Removal of existing road, curbs, sidewalks, sewers and service connections, roadway

lighting and traffic signals (if any)

Earth Excavation

Full Granular ‘A’ base

Asphalt or Concrete road surface (depending on road classification)

Curbs

Sidewalks

Pavement Markings

Storm/Sanitary Sewers

Private Service Connections to Private Properties

Streetlighting

o 0 0 O O O 0o o0 O ©o

Traffic signals
o Restoration

e Separate cost estimates are provided for the identified pump station improvements, pump
station replacements, and any required offline storage facilities/ponds.

e Roads to be replaced matching the current number of lanes. No assessments of roadway
improvements based on traffic demands were completed.

e  Existing truck route roadways as identified on the City of Windsor Truck Route Map will be
reconstructed with concrete. All other roads to be replaced with asphalt.

e Proposed road sections for concrete and asphalt roads were developed using the standard
cross-sections identified in the City of Windsor Standard Drawings. All road sections will require
verification by a geotechnical engineer during detailed design.

e Bike lanes were included in proposed road cross-sections as identified in the City of Windsor
Bicycle Use Master Plan (BUMP), dated April 2001.

e No contact was made with the individual utility companies. Costs for relocating/abandoning
utility infrastructure will be over and above the cost estimates provided herein. The following
utility infrastructure is not included in the provided cost estimates:



EnWin Utilities Ltd. - Electrical (Aerial and Underground)

EnWin Utilities Ltd. (Windsor Utilities Commission) - Watermains and Site Servicing
Bell Canada — Telecommunications (Aerial and Underground)

Cogeco Connexion - Telecommunications (Aerial and Underground)
Enbridge/Union Gas — Natural Gas Mains and Site Servicing

MNSi Internet - Telecommunications (Aerial and Underground)

o O O O O O O

Essex Terminal Railway — Rail Company

o Any other unknown third party infrastructure within the municipal right-of-ways
An average cost for the construction of Low Impact Development (LIDs) has been included for all
roads where storm sewer improvements are identified.
Detailed topographic survey information was not available/used in the development of removal
quantities and associated cost estimates. Estimate quantities are based on assumptions of
existing road width and cross-sectional information and available information from the City of
Windsor GIS (www.MappMyCity.ca), Google Maps, and other available open source data.

Cost estimate do not include road and sewer construction costs for any future development
areas.

Costs for any required sewage treatment plant upgrades to treat additional development flows
is not included.

Legal survey information was not available/provided to assist in the development of quantities.
City of Windsor GIS property line fabric was used to assist in the development of these cost
estimates.

Cost estimates do not include any costs associated with land acquisitions.

There is a high potential for archaeological material within some project areas. Any costs and
associated with archaeological assessment or construction delays as a result of any Stage 1,
Stage 2, Stage 3 and Stage 4 archaeological works are not included.

Costs associated with the demolition of existing buildings and houses within the project limits
have not been included.

Costs for any required Record of Site Condition (RSC) Assessments have not been included.
Cost estimates are based on 2020 construction prices, excluding taxes. Timing of construction
may have significant impacts on the estimated costs included herein.

Cost estimates do not include any fees associated with any required outside agency reviews.
Cost estimates are for construction costs only. Costs for annualized maintenance of identified
improvements has not been included in the cost estimates.

An allowance of 20% has been included for engineering. This includes the preparation of
preliminary and detailed design plans, construction administration and onsite inspection. Costs
for topographic and legal surveys, environmental site assessments and geotechnical
investigations are also included in the 20% engineering allowance.

Construction phasing and staging of the various components of this project could have a
significant impact to the overall costs. Since the anticipated phasing/staging of these works is
not currently known, any additional costs associated with the construction of multiple of phases
have not been included in our estimates.



e A general allowance for traffic control has been included in the cost estimates for roads and
infrastructure related works. Costs associated with maintaining traffic and access during
construction will be highly dependent on the construction phasing/staging of the works.

e Construction cost estimates are Class D Estimates and a +30% contingency has been added. A
Class “D” estimate is prepared when a project is at the “Conceptual Design” stage. Conceptual
design is defined as the beginning of a project when preliminary spatial needs have been
identified, and a space program is being developed. At this stage of a project, conceptual
drawings of physical space layouts and elevations are being developed, and the remainder of
the design team are developing and evaluating different ideas regarding the types of systems to
be used in the project. Project development at this stage is approximately 30% complete.

Cost Estimate Variance Matrix

The following Cost Estimate Variance Matrix! has been developed to provide a range of estimate
variance (plus or minus), based on the level of construction documents completion, in combination with
an evaluation of the level of complexity of the project.

COST ESTIMATE VARIANCE MATRIX + %
Class of Estimates Based On Project Complexity
LOW —— — —— —— —_— e HIGH
D Concept sketch design 20 - - —_— — —_— —_—r 30
C 33% Design development 15 - - - — — —m— 20
B 66% Design development 10 = — — — —_— 15
A 100% complete tender documents 5 IE— —_— — —— T —— 10
Unique Projects, Circumstances, or Risks Varies s s e e g igg\fg %

1 “Guide to Cost Predictability in Construction” (November 2012) by Joint Canadian Federal Government/Industry Cost
Predictability Taskforce



Windsor Sewer and Coastal Flood Protection Master Plan
Master Unit Price List

ROAD IMPROVEMENTS

Costs normalized

per M
UNIT PRICES UNIT UNIT PRICE
Roadwork Removals
Clearing, Grubbing, Stripping of Topsoil and Tree Removal m $ 5.00
Full Depth Concrete Asphalt Removal m $ 125.00
Full Depth Asphalt Removal m $ 80.00
Driveway Removal (all types) m $ 30.00
Sidewalk Removal (all types) m $ 20.00
Concrete Median Removal m $ 10.00
Sawcutting Existing Pavement m $ 1.00
Curb and Gutter Removal m $ 20.00
Streetlighting Removal m $ 25.00
Signage Removal m $ 5.00
Typical Removals - Residential Roadways (2 Lanes Asphalt) $ 186.00
Typical Removals - Residential Roadways (2 Lanes Concrete) $ 231.00
Typical Removals - Arterial Roadways (4 Lanes) $ 366.00
Concrete Repairs m> $ 250.00
Traffic Signal Removal LS $ 15,000.00
[Roadwork
Earth Excavating and Grading m $ 120.00
Supply and Place Compacted Granular "A" m $ 350.00
Supply and Place Compacted Granular "A" for Temporary Lanes m $ 125.00
100mm Open Graded Drainage Layer m $ 225.00
Asphalt Pavement for Temporary Lanes (4m Wide - Asphalt) m $ 125.00
Asphalt Pavement (105mm) m $ 250.00
Asphalt Pavement (50mm Overlay) m $ 250.00
Concrete Pavement (305mm) m $ 575.00
Additional Cost for Bicycle Lanes (2) - Asphalt m $ 270.00
Additional Cost for Bicycle Lanes (2) - Concrete m $ 392.00
Subdrains (2 lanes) m $ 60.00
Concrete Curb and Gutter (2 lanes) m $ 90.00
Concrete Median Islands (1m wide island) m $ 150.00
Concrete Sidewalk (1.5m wide - Incl. Granular Base and AODA Warning | m $ 75.00
Driveway Restoration a) Asphalt m $ 320.00
Driveway Restoration b) Concrete m $ 180.00
Topsoil, Hydraulic Seed and Mulch m $ 100.00
Temporary Pavement Markings m $ 1.00
Permananent Pavement Markings m $ 30.00
Traffic Control During Construction (Residential) m $ 100.00
Traffic Control During Construction (Arterial) m $ 200.00
Streetlighting (Residential) m $ 225.00
Streetlighting (Arterial) m $ 400.00
Street Trees (In Boulevard / 12m spacing each side) m $ 125.00
Traffic Signals (Minor Intersection) LS $ 150,000.00
Traffic Signals (Major Intersection) LS $ 200,000.00
Traffic Signals (Temporary) LS $ 80,000.00
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Typical Roadwork - Residential Asphalt Roadways m $ 2,688.00
Typical Roadwork - Residential Concrete Roadways m $ 3,363.00
Typical Roadwork - Arterial Asphalt Roadways (2 Lanes) m $ 3,213.00
Typical Roadwork - Arterial Concrete Roadways (2 Lanes) m $ 3,913.00
Typical Roadwork - Arterial Asphalt Roadways (4 Lanes) m $ 5,783.40
Typical Roadwork - Arterial Concrete Roadways (4 Lanes) m $ 7,043.40
Sewer Removals

Remove Existing Storm Sewers m $ 100.00
Remove Existing Sanitary Sewers m $ 100.00
Remove Existing Combined Sewers m $ 75.00
Remove Existing Manholes m $ 15.00
Remove Existing Catch Basins m $ 12.50
Remove Existing Combined Private Drain Connection m $ 100.00
Remove Existing Storm Private Drain Connection m $ 25.00
Remove Existing Sanitary Private Drain Connection m $ 25.00
Sewers

Concrete Manholes - (1200mm to 1800mm) m $ 75.00
Concrete Manholes - (2400mm to 3600mm) m $ 130.00
Concrete Manholes - (Chamber) m $ 200.00
Concrete Storm Precast Catchbasins and Leads m $ 60.00
Sanitary Private Drain Connection m $ 150.00
Sanitary Sewer - 250mm diameter PVC (DR-28) m $ 350.00
Sanitary Sewer - 300mm diameter PVC (DR-28) m $ 400.00
Sanitary Sewer - 375mm diameter PVC (DR-28) m $ 450.00
Sanitary Sewer - 450mm diameter Concrete (65-D) m $ 450.00
Sanitary Sewer - 525mm diameter Concrete (65-D) m $ 475.00
Sanitary Sewer - 600mm diameter Concrete (65-D) m $ 525.00
Sanitary Sewer - 675mm diameter Concrete (65-D) m $ 625.00
Sanitary Sewer - 750mm diameter Concrete (100-D) m $ 700.00
Sanitary Sewer - 825mm diameter Concrete (100-D) m $ 800.00
Sanitary Sewer - 900mm diameter Concrete (100-D) m $ 900.00
Sanitary Sewer - 1050mm diameter Concrete (100-D) m $ 1,250.00
Sanitary Sewer - 1200mm diameter Concrete (100-D) m $ 1,500.00
Sanitary Sewer - 1350mm diameter Concrete (100-D) m $ 1,800.00
Sanitary Sewer - 1500mm diameter Concrete (100-D) m $ 2,500.00
Sanitary Sewer - 1800mm diameter Concrete (100-D) m $ 2,800.00
Sanitary Sewer - 1950mm diameter Concrete (100-D) m $ 3,500.00
Sanitary Sewer - 2100mm diameter Concrete (100-D) m $ 4,000.00
Sanitary Sewer - 2400mm diameter Concrete (100-D) m $ 5,200.00
Sanitary Sewer - 2500mm diameter Concrete (100-D) m $ 5,750.00
Sanitary Sewer - 2700mm diameter Concrete (100-D) m $ 6,250.00
Sanitary Sewer - 3000mm diameter Concrete (100-D) m $ 7,000.00
Sanitary Sewer - 4200mm diameter Concrete (100-D) m $ 8,000.00
Sanitary Sewer - 3600mm x 1800mm Concrete Box Culvert m $ 9,000.00
Sanitary Sewer - 3900mm x 1800mm Concrete Box Culvert m $ 10,000.00
Sanitary Sewer - 4200mm x 1800mm Concrete Box Culvert m $ 12,000.00
Sanitary Sewer - 4200mm x 1200mm Concrete Box Culvert m $ 11,250.00
Sanitary Sewer - 3000mm x 2400mm Concrete Box Culvert m $ 12,000.00
Sanitary Sewer - 3600mm x 2400mm Concrete Box Culvert m $ 13,000.00
Sanitary Sewer - 3900mm x 2400mm Concrete Box Culvert m $ 15,000.00
Sanitary Sewer - 4200mm x 2400mm Concrete Box Culvert m $ 18,000.00
Sanitary Sewer - 4200mm x 2700mm Concrete Box Culvert m $ 20,000.00
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Sanitary Private Drain Connection m $ 20.00
Manhole Rain Catchers m $ 3.00
Storm Sewer - 300mm diameter PVC (DR-35) m $ 325.00
Storm Sewer - 375mm diameter PVC (DR-35) m $ 385.00
Storm Sewer - 450mm diameter PVC (DR-35) m $ 400.00
Storm Sewer - 525mm diameter Concrete (65-D) m $ 450.00
Storm Sewer - 600mm diameter Concrete (65-D) m $ 500.00
Storm Sewer - 675mm diameter Concrete (65-D) m $ 550.00
Storm Sewer - 750mm diameter Concrete (100-D) m $ 600.00
Storm Sewer - 825mm diameter Concrete (100-D) m $ 700.00
Storm Sewer - 900mm diameter Concrete (100-D) m $ 850.00
Storm Sewer - 975mm diameter Concrete (100-D) m $ 1,000.00
Storm Sewer - 1050mm diameter Concrete (100-D) m $ 1,200.00
Storm Sewer - 1200mm diameter Concrete (100-D) m $ 1,500.00
Storm Sewer - 1350mm diameter Concrete (100-D) m $ 1,800.00
Storm Sewer - 1500mm diameter Concrete (100-D) m $ 2,200.00
Storm Sewer - 1650mm diameter Concrete (100-D) m $ 2,500.00
Storm Sewer - 1800mm diameter Concrete (100-D) m $ 3,000.00
Storm Sewer - 1950mm diameter Concrete (100-D) m $ 3,250.00
Storm Sewer - 2100mm diameter Concrete (100-D) m $ 3,500.00
Storm Sewer - 2250mm diameter Concrete (100-D) m $ 4,000.00
Storm Sewer - 2400mm diameter Concrete (100-D) m $ 5,000.00
Storm Sewer - 2550mm diameter Concrete (100-D) m $ 5,500.00
Storm Sewer - 2700mm diameter Concrete (100-D) m $ 6,000.00
Storm Sewer - 3000mm diameter Concrete (100-D) m $ 6,500.00
Storm Sewer - 3300mm diameter Concrete (100-D) m $ 7,000.00
Storm Sewer - 3600mm diameter Concrete (100-D) m $ 7,500.00
Storm Sewer - 1650mm diameter Concrete (Trenchless - Jacking Pipe) m $ 5,000.00
Storm Sewer - 1200mm x 900mm Concrete Box Culvert m $ 3,000.00
Storm Sewer - 1800mm x 900mm Concrete Box Culvert m $ 3,250.00
Storm Sewer - 2400mm x 900mm Concrete Box Culvert m $ 3,500.00
Storm Sewer - 1325mm x 1200mm Concrete Box Culvert m $ 2,500.00
Storm Sewer - 1800mm x 1200mm Concrete Box Culvert m $ 4,500.00
Storm Sewer - 2400mm x 1200mm Concrete Box Culvert m $ 6,400.00
Storm Sewer - 3600mm x 1200mm Concrete Box Culvert m $ 9,000.00
Storm Sewer - 4200mm x 1200mm Concrete Box Culvert m $ 9,000.00
Storm Sewer - 3000mm x 1500mm Concrete Box Culvert m $ 7,500.00
Storm Sewer - 3800mm x 1500mm Concrete Box Culvert m $ 8,100.00
Storm Sewer - 4200mm x 1500mm Concrete Box Culvert m $ 9,750.00
Storm Sewer - 1800mm x 1800mm Concrete Box Culvert m $ 3,500.00
Storm Sewer - 2400mm x 1800mm Concrete Box Culvert m $ 4,200.00
Storm Sewer - 3000mm x 1800mm Concrete Box Culvert m $ 6,250.00
Storm Sewer - 3600mm x 1800mm Concrete Box Culvert m $ 8,750.00
Storm Sewer - 4200mm x 1800mm Concrete Box Culvert m $ 11,500.00
Storm Sewer - 2800mm x 2200mm Concrete Box Culvert m $ 8,500.00
Storm Sewer - 3300mm x 2200mm Concrete Box Culvert m $ 11,000.00
Storm Sewer - 3000mm x 2400mm Concrete Box Culvert m $ 11,500.00
Storm Sewer - 3300mm x 2400mm Concrete Box Culvert m $ 12,000.00
Storm Sewer - 3600mm x 2400mm Concrete Box Culvert m $ 13,500.00
Storm Private Drain Connection m $ 20.00
Ponds & Underground Storage

Pond Excavation, Grading, Topsoil and Hydroseed m?3 $300.00
Underground Storage m?3 $1,000.00]|
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CITY
AREA

South Windsor

Central Windsor

City of Windsor Sewer and Coastal Flood Protection Master Plan
SUMMARY OF COSTING - SOUTH, CENTRAL AND EAST WINDSOR AREAS
Including 30% Contingency and 20% Engineering
DRAINAGE AREA | SOLUTION PROJECT CODE PROJECT CONSTRUCTION COST ESTIMATE BY | TOTAL CONSTRUCTION
AREA NAME COST ESTIMATE**
STORM SEWER IMPROVEMENTS
Dougall Avenue Dougall Avenue and Eugenie St E $20,904,000.00| $ 33,600,000.00
and Eugenie ROAD-S1-1
Street East Dougall Ave Pond (SWM Facility) $12,636,000.00
Howard Avenue $8,736,000.00
Howard Avenue ROAD-52-2 Howard Ave