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EXECUTIVE SUMMARY 

INTRODUCTION 

In recent years, the issue of flooding has increasingly become a major concern in the City of 

Windsor.  Extreme rainfall events in 2016 and 2017 each caused significant flooding of local roads, 

homes, and businesses – with thousands of reports of flooding received by the City as a result of 

each event.  In response, the Mayor initiated an 8-Point Plan in September 2017, aimed at 

addressing flooding problems in the City of Windsor.  This plan included several measures aimed 

at upgrading the City’s sewer system and mitigating the risk of basement flooding.   

With the recent return of record-high water levels on Lake St. Clair, the potential for overland 

flooding to occur in the East Riverside neighbourhood has also been identified by the City as a 

significant risk.  To address this concern, the City of Windsor retained Landmark Engineers Inc. to 

carry out a flood risk assessment focused on: 

• Documenting and assessing the condition of the existing flood control measures along 

Riverside Drive East from St. Rose Beach easterly to the City boundary with the Town of 

Tecumseh; 

• Quantifying the risk to the flood-prone areas along Riverside Drive East and inland; 

• Identifying alternative solutions for restoration of the flood protection measures within 

the study area; 

• Preparing a prioritized action plan to address and mitigate the risk of overland flooding; 

and, 

• Providing updated design recommendations and cost estimates for budgeting purposes. 

METHODOLOGY 

In conformance with the terms of reference for this study, Landmark made use of the PIEVC 

Engineering Protocol for Infrastructure Vulnerability Assessment and Adaptation to a Changing 

Climate, which was developed by Engineers Canada to provide a step-by-step methodology for 

risk assessment of public infrastructure in response to climate change.  The procedures set out 

in this protocol set the overall framework for carrying out this risk assessment study. 

CLIMATE PARAMETERS 

As one of the initial steps in the PIEVC Protocol, the climate parameters most likely to contribute 

to the vulnerability of the subject infrastructure needed to be identified.  In this case, water levels 

on Lake St. Clair were identified as the primary parameter of concern.  Wind-driven waves on 

Lake St. Clair and heavy rain events were also identified as potential contributors to the 

vulnerability of the existing flood control measures within the study area - although these were 

generally considered to be secondary parameters that would contribute to infrastructure 

vulnerability in combination with high water levels. 
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In order to establish a climate baseline for water levels on Lake St. Clair, Landmark retained a 

climate subconsultant (RWDI Consulting Engineers & Scientists) to analyze the historic water 

level gauge records for Lake St. Clair and establish an updated 1:100-year instantaneous peak 

water level for current conditions.  In carrying out their analyses, RWDI also utilized established 

climate change models to predict future 1:100-year water levels for the years 2030 and 2050.  

These time horizons were selected based on the presumed level of accuracy of the available 

climate change models. 

Based on the analyses carried out by RWDI, the current baseline for the 1:100-year instantaneous 

peak water level on Lake St. Clair was determined to be at an elevation of 176.5m.  Accounting 

for the potential influence of climate change, the future 1:100-year instantaneous peak water 

level (projected to the year 2050) was predicted to be at an elevation of 176.8m.  These two 

water level elevations were used to assess the vulnerability of the City’s existing flood protection 

measures within the study area.  

INFRASTRUCTURE ASSESSMENT 

Using information from past studies and LiDAR data provided by the City of Windsor, Landmark 

compiled an inventory of the existing dike system in place along Riverside Drive East within the 

study area.  The existing 6km-long dike system was established in the mid-1980s and primarily 

consists of earth berms located on the south side of Riverside Drive East.  The dike system was 

originally built to protect the low-lying inland areas of East Riverside from overland flooding from 

Lake St. Clair and the Detroit River.  

For the purposes of this assessment, the study area was divided into two distinct sections: 

a) the area west of Little River (i.e., from St. Rose Beach to Little River); and, 

b) the area east of Little River (i.e., from Little River to the City boundary with the Town of 

Tecumseh).   

The condition of the existing dike system in these two sections varies considerably.   

West of Little River, approximately 32% of the existing dike is at or above the current 1:100-year 

instantaneous peak water level on Lake St. Clair (i.e., at elevation 176.5m or higher).  Accounting 

for climate change (using the 1:100-year water level of 176.8m for the year 2050), only about 

13% of the existing dike system is at or above the predicted flood level. 

East of Little River, the existing dike system is in considerably better condition.  Approximately 

99% of the existing dike is at or above the current 1:100-year flood level of 176.5m.  When 

accounting for the potential impacts of climate change to the year 2050, however, only about 

37% of the existing dike system is at or above the predicted flood level of 176.8m. 

Given the above, it is apparent that the existing dike system is vulnerable to overtopping west of 

Little River should water levels on Lake St. Clair approach the current 1:100-year instantaneous 

peak.  Should lake levels approach the 1:100-year instantaneous peak predicted for the year 
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2050, then the existing dike system would be vulnerable to overtopping throughout the entire 

study area.  

In addition to the deficiencies noted above, a review of the City’s Sewer Atlas revealed that there 

are numerous locations where storm sewers cross under the existing dikes and provide an 

opportunity for flood waters to bypass the existing flood protection system.  In the event that 

wind-driven waves and/or high water levels on Lake St. Clair cause flooding of Riverside Drive, 

the roadside catch basins would convey flood waters into the storm sewers and surcharge the 

system.  This surcharged condition would then convey water through the sewers and catch basin 

leads to the low-lying areas inland – regardless of whether the flood waters were high enough to 

overtop the dikes. 

West of Little River, storm sewer crossings under the dike were identified at 7 separate locations.  

East of Little River, 12 storm sewer crossings and 21 catch basin lead crossings were noted – all 

of which with the potential to convey flood waters inland under the dike system.  Thus, the entire 

dike system within the study area is potentially vulnerable to being bypassed.  

RISK ASSESSMENT 

In accordance with the procedures set out in the PIEVC Protocol, a Risk Assessment Workshop 

was carried out in consultation with City of Windsor staff from various departments.   

Using the previously-identified climate parameters of:  high water levels, wind-driven waves, and 

heavy rainfall, the workshop participants assigned probability scores to various scenarios where 

the existing dike system could be overtopped and/or bypassed in the segments of the study area 

west and east of Little River.  This exercise was first carried out based on current climate 

conditions, and then again based on projected conditions due to climate change. 

To help quantify the flood risks, the workshop participants were then asked to assign severity 

scores to each of the above scenarios in terms of three performance measures: 

• the impact of the climate scenario on the integrity of the dike and sewer systems; 

• the degree of emergency response that would be required to address the effects of the 

climate scenario; and, 

• the amount of property damage, social effects, and insurance claims that would result 

from the climate scenario. 

The results of the risk assessment were then compiled, with total risk scores for each scenario 

calculated using the following equation: 

RISK SCORE  =  PROBABILITY SCORE  x  SEVERITY SCORE 

The various scenarios were then ranked from highest risk score to lowest to assist in identifying 

patterns of weather events and climate trends that contribute to high flood risks within the study 

area.   
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Based on our review of the tabulated risk profiles, it appears that for current climate conditions: 

• the highest-risk scenarios generally involve inland flooding due to bypassing of the dike 

system through interconnected storm sewers. 

Whereas for future climate conditions: 

• the highest-risk scenarios generally involve inland flooding due to bypassing of the dike 

system for areas east of Little River. 

• west of Little River, the highest-risk scenarios involve inland flooding due to both 

bypassing of the dike system and overtopping of the existing dikes. 

Regardless of the location (west or east of Little River), the highest-risk scenarios for both current 

and future climate conditions were associated with high severity scores for emergency flood 

mitigation and property damage. 

ALTERNATIVE SOLUTIONS 

In order to address the vulnerabilities identified in the existing dike system, several alternative 

design solutions were developed, aimed at preventing overtopping or bypassing of the dikes.   

To address the potential for dike overtopping, it is recommended that the existing dike system 

be reconstructed along its existing alignment to ensure a continuous top elevation of 177.1m.  

Depending upon the specific location along the dike and the associated site constraints (e.g., 

buildings, roadways, driveways, etc.), establishing this top of dike elevation can be achieved using 

a combination of the following design alternatives: 

• Earth berms; 

• Walls backed with earth berms; 

• Walls; 

• Automated mechanical gates; 

• Raising Riverside Drive. 

Advantages and disadvantages for each of the above alternatives have been identified. 

To address the potential for bypassing of the dikes through the sewer system, design alternatives 

were developed for various scenarios - each involving the installation of backflow prevention 

devices or sluice gates at the cross-connection points in the sewer system to prevent the flow of 

flood waters inland. 

PUBLIC CONSULTATION 

On 26 June 2019, a Public Information Centre (PIC) was convened at the WFCU Centre to present 

the initial findings of the East Riverside Flood Risk Assessment.  A series of 22 display panels were 

prepared, outlining the relevant climate parameters, the inventory of the existing dike system, 
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the areas potentially affected by a failure of the dike system, and several alternative solutions for 

re-establishing a continuous dike system along Riverside Drive. 

Over the course of the 3-hour PIC, approximately 100 members of the public signed in to record 

their attendance.  Members of the Project Team from both Landmark Engineers and the City of 

Windsor were available throughout the PIC to help clarify the information presented in the 

display panels and to answer questions from the public.  Comment sheets were also made 

available for attendees to provide written feedback regarding the study, although only 5 

completed comment sheets were submitted by the public. 

Although most of the feedback received over the course of the PIC was quite supportive of the 

proposed solutions, several attendees expressed concerns regarding the potential for flooding 

outside of the areas protected by the existing dike system.  Residents with properties on the 

north side of Riverside Drive, in particular, expressed dissatisfaction that the scope of this study 

did not include measures to protect waterfront properties from overland flooding and erosion.  

RECOMMENDATIONS 

Based on the outcomes of the assessments described above, Landmark recommends that the 

following measures be implemented to address the vulnerability of the City’s existing flood 

protection infrastructure in East Riverside: 

• As a first priority, the City should carry out functional and detailed design of backflow 

prevention measures for each of the locations identified in this report where the storm 

sewer system crosses under the diking system.  Design works should be carried out in 

coordination with the ongoing Sewer Master Plan and should incorporate automated 

controls and/or alert systems wherever sluice gates are included in the design. 

• Upon completion of functional and detailed design, the new backflow prevention 

measures should be implemented in the field as soon as possible.  The preliminary total 

construction estimate for these works (including engineering and administrative costs) is 

in the order of approximately $1,300,000.  If a phased approach to construction is deemed 

necessary, the sewer works east of Little River should be given first priority, based on the 

outcome of the risk assessment presented in this report. 

• Secondary only to the implementation of the backflow prevention works, functional and 

detailed design of the proposed dike improvements for the area west of Little River should 

be carried out as soon as possible.  This work should be coordinated with the ongoing 

Class Environmental Assessment for the Sewer Master Plan in order to provide a 

mechanism for property acquisition along Riverside Drive, where needed. 

• Upon completion of functional and detailed design, property and/or easements should 

be acquired where needed for the construction of the proposed dike improvements.  

Construction of the recommended dike improvements west of Little River should then 

proceed as soon as possible.  The preliminary construction estimate for these works 
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(including engineering and administrative costs) is in the order of approximately 

$8,700,000.  If a phased approach to construction is desired, the segments of the dike 

alignment where no discernable dike currently exists (i.e., west of St. Rose Beach, from 

St. Rose to Fairview Boulevard, and from the St. Paul Pumping Station to Watson Avenue) 

should be given first priority. 

• Upon completion of the backflow prevention measures and the dike improvements west 

of Little River, functional and detailed design of the dike improvements east of Little River 

should proceed, followed by construction.  The preliminary construction estimate for 

these works (including engineering and administrative costs) is in the order of 

approximately $8,700,000. 

• The City should budget for and implement a policy requiring regular inspections of the 

diking system and any backflow prevention measures that are implemented as a result of 

this report.  We would recommend a initial minimum inspection schedule of once every 

3 years. 

• The City should also include an item in its operating budget for regular maintenance and 

repair of the diking system and any new backflow prevention measures.  The amount of 

this budget should be determined in consultation with the City’s Contracts, Field Services 

& Maintenance Division. 

In addition to the above, we recommend that a follow-up analysis of the water levels on Lake St. 

Clair be carried out prior to the year 2030 to confirm whether the predicted effects of climate 

change remain valid. 
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1.0 INTRODUCTION 

In recent years, the issue of flooding has increasingly become a major concern in the City of 

Windsor.  Extreme rainfall events in 2016 and 2017 each caused significant flooding of local roads, 

homes, and businesses – with thousands of reports of flooding received by the City as a result of 

each event.  In response, the Mayor initiated an 8-Point Plan in September 2017, aimed at 

addressing flooding problems in the City of Windsor.  This plan included several measures aimed 

at upgrading the City’s sewer system and mitigating the risk of basement flooding.   

With the recent return of record-high water levels on Lake St. Clair, the potential for overland 

flooding to occur in the East Riverside neighbourhood of Windsor has also been identified by the 

City as a significant risk.  Although this flooding risk is not directly related to the increasing 

occurrence of heavy rainfall events, the current high water levels and history of substantial 

flooding in the East Riverside area due to inundation from Lake St. Clair suggests that the 

condition of the existing protective dikes and drainage systems should be assessed. 

This report has been prepared to document our vulnerability assessment of the existing dikes 

along the City’s Lake St. Clair and Detroit River shorelines (adjacent to East Riverside) for both 

the current condition and the future, accounting for the potential effects of climate change. 

1.1 BACKGROUND 

Historically, flooding in East Riverside has been a threat mainly due to the flat, low-lying 

topography of the area relative to the adjacent waterbodies.  The history of overland flooding 

from Lake St. Clair and the Detroit River has been documented and studied in various shoreline 

studies and damage surveys over the years.  Significant flooding events occurred in the early 

1950s, and again in 1973, 1986, and 1998.  The extent and severity of these overland flooding 

events has varied with the water level on Lake St. Clair, the incidence of wind-driven waves, and 

the condition of the inland dike systems. 

The existing dike system protecting the inland areas of East Riverside was constructed in the mid-

1980s and is generally located along the south side of Riverside Drive East.  East of Little River, 

the dike generally follows the alignment of the Ganatchio Trail, while west of Little River it is 

primarily located within the Riverside Drive right-of-way.  It is our understanding that there have 

not been any coordinated improvements or alterations made to the overall dike system since the 

last significant occurrence of high water levels on Lake St. Clair in the late 1990s. 

Since 2013, water levels on Lake St. Clair have been steadily rising, and by the summer of 2018 

they were again starting to approach near-record highs.  In response to this potential threat, the 

City of Windsor applied for and received funding through the Federation of Canadian 

Municipalities – Municipalities for Climate Innovation Program (FCM-MCIP) to carry out a flood 

risk assessment for the area of East Riverside.  Landmark Engineers was subsequently retained 

by the City to carry out this assessment. 
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1.2 PURPOSE & SCOPE 

The primary purpose of this study is to quantify the risk of overland flooding from Lake St. Clair 

and the Detroit River along a 6km-long segment of shoreline in east Windsor and the adjacent 

inland areas.   

The scope of the assessment includes: 

• Documenting and assessing the condition of the existing flood control measures along 

Riverside Drive East from St. Rose Beach easterly to the City boundary with the Town of 

Tecumseh; 

• Quantifying the risk to the flood-prone areas along Riverside Drive East and inland; 

• Identifying alternative solutions for restoration of the flood protection measures within 

the study area; 

• Preparing a prioritized action plan to address and mitigate the risk of overland flooding; 

and, 

• Providing updated design recommendations for the flood protection measures, complete 

with cost estimates for budgeting purposes. 

Since the focus of this study is on assessing the flood risk from Lake St. Clair and the Detroit River, 

the scope of this report does not include any substantial evaluation of the local storm drainage 

system or the associated risk of flooding due to heavy rainfall.  It is our understanding that these 

risks are currently being addressed through the City’s ongoing Sewer Master Plan modeling 

study. 

Furthermore, it is acknowledged that the neighbourhoods of East Riverside could potentially be 

affected by flooding from Little River, which flows into Lake St. Clair at the mouth of the Detroit 

River and bisects the current study area.  We understand that the City has recently taken steps 

to undertake a separate study of the flood protection dikes along the banks of Little River.  This 

was therefore not included as part of the current scope of work.  

1.3 METHODOLOGY – PIEVC PROTOCOL 

In conformance with the terms of reference for this study, Landmark Engineers made use of the 

PIEVC Engineering Protocol for Infrastructure Vulnerability Assessment and Adaptation to a 

Changing Climate, which was developed by Engineers Canada to provide a step-by-step 

methodology for risk assessment of public infrastructure in response to climate change.  The 

protocol stresses the importance of professional judgment and documentation, and creates a 

framework to support effective decision-making regarding infrastructure operation, 

maintenance, planning, and development. 

A flowchart, depicting the basic steps that comprise the PIEVC Protocol is provided in Figure 1.  

Each step in the PIEVC Protocol is supported by an associated PIEVC Worksheet, which have been 

completed by Landmark (in consultation with City administration) and have been included here 
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as Appendix A.  These worksheets generally parallel the PIEVC Protocol steps and provide a paper 

trail to document each decision and assumption that was made over the course of this risk 

assessment study.  
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2.0 PROJECT DEFINITION (PIEVC STEP 1) 

The first step in the PIEVC Protocol is to define the project parameters and boundary conditions 

for the engineering vulnerability assessment.  As detailed in PIEVC Worksheet Step 1 (see 

Appendix A), this process involves: 

• Identifying the specific infrastructure to be assessed; 

• Identifying the location of the infrastructure and is specific use(s); and, 

• Identifying climatic and geographic considerations that could affect the subject 

infrastructure. 

In carrying out the above, it is the intention of this step in the process to narrow the focus of the 

assessment and thus allow for a more efficient condition inventory to be compiled for further 

analysis. 

2.1 INFRASTRUCTURE TO BE ASSESSED 

Given that the purpose of this study is to assess the risk of overland flooding from Lake St. Clair 

and the Detroit River, it was decided (in consultation with City administration) that the primary 

focus of the assessment would be on the existing flood protection system itself.  This system 

consists of a series of interconnected dikes and berms that were originally constructed in the 

mid-1980s, as illustrated in Figure 2.  It should be noted that the flood protection system depicted 

in this figure includes several elements that have been specifically excluded from the current 

scope of work, such as the diking system along Little River and the Lake St. Clair shoreline berms 

- both of which are primarily located on private property.   

Therefore, for the purposes of this assessment, the flood protection systems to be evaluated 

include: 

• The existing flood protection dike along Riverside Drive East between St. Rose Beach and 

the City boundary with the Town of Tecumseh; 

• The existing flood protection dike that runs inland along the boundary with the Town of 

Tecumseh; and, 

• The components of the minor and major drainage systems (i.e., the storm sewer network 

and overland surface drainage systems) that cross under or over the existing dike system. 

Detailed information regarding the all of the above (including LiDAR and GIS information) has 

been provided by the City of Windsor to assist with the assessment. 

2.2 CLIMATE PARAMETERS 

As one of the initial steps in the PIEVC Protocol, the climate parameters most likely to contribute 

to the vulnerability of the subject infrastructure needed to be identified.  In this case, water levels 

on Lake St. Clair were identified as the primary parameter of concern.  Wind-driven waves on 

Lake St. Clair and heavy rain events were also identified as potential contributors to the 
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vulnerability of the existing flood control measures within the study area, although these were 

generally considered to be secondary parameters that would contribute to infrastructure 

vulnerability in combination with high water levels.  This is consistent with the known history of 

overland flooding events in the area. 

In addition to the above, consideration was given to assessing the potential for the flood 

protection infrastructure to be affected by:  temperature, lake ice, and freeze/thaw cycles.  As 

indicated in the PIEVC Worksheet, however, it was concluded that the potential effects of these 

parameters would be insignificant in comparison with the primary and secondary parameters 

noted above.  These were therefore discarded from further consideration for the purposes of 

this assessment. 

2.3 TIME HORIZON 

The design life of the various flood protection system components was reviewed with City staff, 

as required by the PIEVC Protocol.  It was noted that both the design life and the ages of the 

various dikes, berms, and interconnected sewers under assessment varies considerably, making 

it exceedingly difficult to set a specific time horizon for the risk assessment based on the age 

and/or condition of the existing infrastructure. 

In discussions with City staff and Landmark’s climate subconsultant (i.e., RWDI Inc. – refer to 

Section 3.2 of this report), it was noted that the available climate change projection models 

become increasingly less reliable as the time horizon extends further into the future.  For this 

reason, a time horizon extending to the year 2050 was selected for the purposes of this risk 

assessment.  It was judged that this time horizon would allow for the planning of future dike 

improvements (accounting for the potential impacts of climate change), without committing the 

City to overly-conservative design parameters in the short- to medium-term.  It is recommended 

that this assumption be reviewed and re-evaluated sometime around the year 2030. 

2.4 GEOGRAPHY / STUDY AREA 

Given the extents of the existing flood protection system being assessed, the study area has been 

defined as the area between St. Rose Beach and the City boundary with the Town of Tecumseh, 

and the areas potentially affected inland as far as the Via Rail corridor south of McHugh Street.  

For the purposes of this assessment, the study area has also been divided into the areas west 

and east of the Little River corridor. 

A visual summary of the study area and limits is provided in Figure 3. 

2.5 DATA SUFFICIENCY 

For the primary climate parameter under consideration (i.e., water levels on Lake St. Clair), a 

considerable amount of data has been collected and compiled from the existing network of gauge 

stations on Lake St. Clair – including Fisheries and Oceans Canada’s gauge station at Belle River 

and the US National Oceanic and Atmospheric Administration’s gauge station at Windmill Point 
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(at the mouth of the Detroit River).  Given that the Windmill Point station is the closest and most 

relevant gauge to the study area, a summary of historic yearly high and low water levels was 

compiled and is attached here as Figure 4. 

In order to evaluate appropriate thresholds for design of the dike system, in keeping with Ontario 

Regulation 158/06 under the Conservation Authorities Act, the 1:100 year peak instantaneous 

water level needs to be assessed.  The last available analysis for this value was obtained from the 

City’s 1986 Shoreline Management Plan.  Given that over 30 years of water level data has been 

compiled since the preparation of that report, it was noted that an update to the 1:100 year peak 

instantaneous water level for Lake St. Clair is warranted.  This was identified as a data gap in 

accordance with the PIEVC Protocol. 

To address this data gap, a climate subconsultant (i.e., RWDI Inc.) was retained by Landmark to 

carry out an updated analysis of the water level information on Lake St. Clair.  As part of their 

assignment, RWDI was also instructed to make use of established climate change models in order 

to predict the future 1:100 year peak instantaneous water levels for the time horizon of this risk 

assessment.  A copy of RWDI’s report is attached here as Appendix C. 
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3.0 DATA GATHERING & SUFFICIENCY (PIEVC STEP 2) 

As detailed in PIEVC Worksheet Step 2 (see Appendix A), a complete inventory of the existing 

dike system, the areas protected by the dike system, and the relevant climate parameters used 

in this risk assessment has been compiled.   

Details of the dike inventory are provided in Appendix B as Technical Brief TB1.  A summary of 

the historical flooding events that have impacted the study area is presented in Appendix B as 

Technical Brief TB2.  An inventory of the areas potentially affected by flooding at the various 

water levels under consideration here is presented in Appendix B as Technical Brief TB3. 

3.1 DIKE SYSTEM INVENTORY 

Using information from past studies and LiDAR data provided by the City of Windsor, Landmark 

compiled an inventory of the existing dike system in place along Riverside Drive East within the 

study area.  The existing 6km-long dike system was established in the mid-1980s and primarily 

consists of earth berms located on the south side of Riverside Drive East.  The dike system was 

originally built to protect the low-lying inland areas of East Riverside from overland flooding from 

Lake St. Clair and the Detroit River.  Visual depictions of the areas that could potentially be 

affected by overland flooding (at various water levels) are presented in Figures 5 and 6. 

For the purposes of this assessment, the study area was divided into two distinct sections: 

a) the area west of Little River (i.e., from St. Rose Beach to Little River); and, 

b) the area east of Little River (i.e., from Little River to the City boundary with the Town of 

Tecumseh).   

A visual summary these two sections of the study area is presented visually as Figures 7 and 8.  

The detailed inventory of the dike through each of these sections is presented in Figures 9 

through 18, complete with representative photographs.  As indicated in these figures, the 

condition of the existing dike system in these two sections varies considerably. 

3.1.1 DIKE CONTINUITY 

West of Little River, approximately 32% of the existing dike is at or above the current 1:100-year 

instantaneous peak water level on Lake St. Clair (i.e., at elevation 176.5m or higher).  Accounting 

for climate change (using the 1:100-year water level of 176.8m for the year 2050), only about 

13% of the existing dike system is at or above the predicted flood level. 

East of Little River, the existing dike system is in considerably better condition.  Approximately 

99% of the existing dike is at or above the current 1:100-year flood level of 176.5m.  When 

accounting for the potential impacts of climate change to the year 2050, however, only about 

37% of the existing dike system is at or above the predicted flood level of 176.8m. 

A breakdown of the adequacy of the existing dike system, measured against various water levels, 

is presented in Table 1.  
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Given the above, it is apparent that the existing dike system is vulnerable to overtopping west of 

Little River should water levels on Lake St. Clair approach the current 1:100-year instantaneous 

peak.  Should lake levels approach the 1:100-year instantaneous peak predicted for the year 

2050, then the existing dike system would be vulnerable to overtopping throughout the entire 

study area.  

3.1.2 SEWER BYPASSING 

In addition to the deficiencies noted above, a review of the City’s Sewer Atlas revealed that there 

are numerous locations where storm sewers cross under the existing dikes and provide an 

opportunity for flood waters to bypass the existing flood protection system.  In the event that 

wind-driven waves and/or high water levels on Lake St. Clair cause flooding of Riverside Drive, 

the roadside catch basins would convey flood waters into the storm sewers and surcharge the 

system.  This surcharged condition would then convey water through the sewers and catch basin 

leads to the low-lying areas inland – regardless of whether the flood waters were high enough to 

overtop the dikes. 

West of Little River, storm sewer crossings of the dike were identified at 7 separate locations.  

East of Little River, 12 storm sewer crossings and 21 catch basin lead crossings were noted – all 

of which with the potential to convey flood waters inland under the dike system.  Thus, the entire 

dike system within the study area is potentially vulnerable to being bypassed. 

An inventory of the potential sewer crossings (including catch basins) is provided in Tables 2 and 

3. 

3.2 CLIMATE PARAMETERS / CLIMATE CHANGE ASSUMPTIONS 

In order to establish a climate baseline for water levels on Lake St. Clair, Landmark retained a 

climate subconsultant (RWDI Consulting Engineers & Scientists) to analyze the historic water 

level gauge records for Lake St. Clair and establish an updated 1:100-year instantaneous peak 

water level for current conditions.  In carrying out their analyses, RWDI also utilized established 

climate change models to predict future 1:100-year water levels for the years 2030 and 2050.  

These time horizons were selected based on the presumed level of accuracy of the available 

climate change models. 

Based on the analyses carried out by RWDI, the current baseline for the 1:100-year instantaneous 

peak water level on Lake St. Clair was determined to be at an elevation of 176.5m.  Accounting 

for the potential influence of climate change, the future 1:100-year instantaneous peak water 

level (projected to the year 2050) was predicted to be at an elevation of 176.8m.  These two 

water level elevations were used to assess the vulnerability of the City’s existing flood protection 

measures within the study area. 
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3.3 SYNERGISTIC EFFECTS 

In accordance with the requirements of the PIEVC Protocol, the climate parameters with the 

greatest potential to affect the frequency and/or severity of overland flooding were reviewed 

and evaluated in terms of their potential to combine and/or sequence in a manner that could 

yield a higher impact within the study area.  As indicated in PIEVC Worksheet Step 2 (see 

Appendix A), it was noted that high lake levels could potentially act in combination with the 

following factors to aggravate flooding in East Riverside: 

• High, sustained winds – particularly from the north or northeast; and, 

• Heavy rainfall. 

These two factors could also potentially act together in combination with high lake levels to 

amplify the effects of overland flooding. 

In reviewing these potential synergies, it was noted that since the effect of wind on lake set-up 

is already accounted for in the instantaneous high-water elevations, the primary synergistic 

effects of wind would be felt from wave action in areas where the dike is located close to the 

water’s edge.  The potential for wind-driven waves to push water inland as far as the dike and 

then enter the sewer system was also identified as an aggravating factor. 

In assessing the potential impact of heavy rainfall, it was noted that the effects of overland 

flooding could be intensified or sustained should the local storm sewer system become 

overloaded due to intense precipitation. 

3.4 DATA SUFFICIENCY 

With the completion of the RWDI report, the data gap previously identified with respect to water 

elevations on Lake St. Clair has been addressed. 

The topographic LiDAR data of the study area provided by the City of Windsor was also reviewed 

for accuracy and validated in the field via GPS surveys carried out by Landmark Engineers.  
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4.0 RISK ASSESSMENT (PIEVC STEP 3) 

In accordance with the procedures set out in the PIEVC Protocol, a Risk Assessment Workshop 

was carried out in consultation with City of Windsor staff from various departments.  A summary 

of the procedures followed is detailed in PIEVC Worksheet Step 3 (see Appendix A), with further 

details of the Risk Assessment Workshop provided in Appendix B (as Technical Brief TB4) and 

Appendix D. 

Using the previously-identified climate parameters of:  high water levels, wind-driven waves, and 

heavy rainfall, the workshop participants assigned probability scores to various scenarios where 

the existing dike system could be overtopped and/or bypassed in the segments of the study area 

west and east of Little River.  This exercise was first carried out based on current climate 

conditions, and then again based on projected conditions due to climate change. 

To help quantify the flood risks, the workshop participants were then asked to assign severity 

scores to each of the above scenarios in terms of three performance measures: 

• the impact of the climate scenario on the integrity of the dike and sewer systems; 

• the degree of emergency response that would be required to address the effects of the 

climate scenario; and, 

• the amount of property damage, social effects, and insurance claims that would result 

from the climate scenario. 

The results of the risk assessment were then compiled, with total risk scores for each scenario 

calculated using the following equation: 

RISK SCORE  =  PROBABILITY SCORE  x  SEVERITY SCORE 

The various scenarios were then ranked from highest risk score to lowest to assist in identifying 

patterns of weather events and climate trends that contribute to high flood risks within the study 

area. 

4.1 RISK SCORING – CURRENT CONDITIONS 

As indicated in Appendix D, the scenarios with the highest risk scores for the existing conditions 

within the study area were found to be: 

a) West of Little River 

 

Flooding Mechanism Performance Measure Risk Score Risk Category 

Sewer conveyance Property Damage 30 Medium-high 

Sewer conveyance Emergency Flood Mitigation 25 Medium-high 

Dike overtopping Property Damage 24 Medium-high 
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b) East of Little River 

 

Flooding Mechanism Performance Measure Risk Score Risk Category 

Sewer conveyance Property Damage 36 Medium-high 

Sewer conveyance Emergency Flood Mitigation 30 Medium-high 

 

4.2 RISK SCORING – FUTURE CONDITIONS 

As indicated in Appendix D, the scenarios with the highest risk scores for the future conditions 

within the study area were found to be: 

a) West of Little River 

 

Flooding Mechanism Performance Measure Risk Score Risk Category 

Sewer conveyance Property Damage 42 High 

Sewer conveyance Emergency Flood Mitigation 36 Medium-high 

Dike overtopping Property Damage 35 Medium-high 

Dike overtopping Emergency Flood Mitigation 30 Medium-high 

 

b) East of Little River 

 

Flooding Mechanism Performance Measure Risk Score Risk Category 

Sewer conveyance Property Damage 42 High 

Sewer conveyance Emergency Flood Mitigation 36 Medium-high 

Dike overtopping Property Damage 35 Medium-high 

Dike overtopping Emergency Flood Mitigation 30 Medium-high 

 

4.3 RISK SCORING – SUMMARY 

Based on our review of the tabulated risk profiles, it appears that for current climate conditions: 

• the highest-risk scenarios generally involve inland flooding due to bypassing of the dike 

system through interconnected storm sewers. 

Whereas for future climate conditions: 

• the highest-risk scenarios generally involve inland flooding due to bypassing of the dike 

system for areas east of Little River. 

• west of Little River, the highest-risk scenarios involve inland flooding due to both 

bypassing of the dike system and overtopping of the existing dikes. 

Regardless of the location (west or east of Little River), the highest-risk scenarios for both current 

and future climate conditions were associated with high severity scores for emergency flood 

mitigation and property damage. 
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5.0 ENGINEERING ANALYSIS / ALTERNATIVE SOLUTIONS (PIEVC STEP 4) 

In order to address the vulnerabilities identified in the existing dike system, several alternative 

design solutions were developed, aimed at preventing bypassing or overtopping of the dikes.  It 

should be noted (as indicated in PIEVC Worksheet Step 4 – see Appendix A) that the load and 

capacity analyses presented in the PIEVC Protocol were deemed not to be applicable to the 

subject infrastructure.   

5.1 ALTERNATIVE SOLUTIONS FOR SEWER BYPASSING 

To address the potential for bypassing of the dikes through the sewer system, design alternatives 

were developed for various scenarios - each involving the installation of backflow prevention 

devices or sluice gates at the cross-connection points in the sewer system to prevent the flow of 

flood waters inland.  These design alternatives are presented in Figures 19 through 21, complete 

with the rationale for each alternative. 

Details regarding the various types of backflow prevention devices under consideration are 

provided in Appendix B as Technical Brief TB5. 

5.2 ALTERNATIVE SOLUTIONS FOR DIKE RESTORATION 

To address the potential for dike overtopping, it is recommended that the existing dike system 

be reconstructed along its existing alignment to ensure a continuous top elevation of 177.1m.  

Depending upon the specific location along the dike and the associated site constraints (e.g., 

buildings, roadways, driveways, trees, etc.), establishing this top of dike elevation can be 

achieved using a combination of the following design alternatives: 

• Earth berms; 

• Walls backed with earth berms; 

• Walls; 

• Automated mechanical gates; 

• Raising Riverside Drive. 

Conceptual drawings depicting each of the above alternatives have been provided in Figures 22 

through 24.  These figures include a list of opportunities/advantages and 

constraints/disadvantages for each of the alternatives identified for dike restoration. 

For the area west of Little River, the dike restoration solutions presented herein are likely to 

require some land acquisition by the City, since the existing Riverside Drive right-of-way would 

not accommodate these additional works.  Although the precise limits of the land required will 

not be known until completion of functional design, a general depiction of the potentially 

affected properties is depicted here in Figures 25 and 26 for information purposes. 

A preliminary budget estimate for implementing the recommended solutions is presented in 

Table 4.  Please note that these estimates do not include allowances for property acquisition. 
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6.0 PUBLIC CONSULTATION 

On 26 June 2019, a Public Information Centre (PIC) was convened at the WFCU Centre to present 

the initial findings of the East Riverside Flood Risk Assessment.  A series of 22 display panels were 

prepared, outlining the relevant climate parameters, the inventory of the existing dike system, 

the areas potentially affected by a failure of the dike system, and several alternative solutions for 

re-establishing a continuous dike system along Riverside Drive. 

Over the course of the 3-hour PIC, approximately 100 members of the public signed in to record 

their attendance.  Members of the Project Team from both Landmark Engineers and the City of 

Windsor were available throughout the PIC to help clarify the information presented in the 

display panels and to answer questions from the public.  Comment sheets were also made 

available for attendees to provide written feedback regarding the study, although only 5 

completed comment sheets were submitted by the public. 

Although most of the feedback received over the course of the PIC was quite supportive of the 

proposed solutions, several attendees expressed concerns regarding the potential for flooding 

outside of the areas protected by the existing dike system.  Residents with properties on the 

north side of Riverside Drive, in particular, expressed dissatisfaction that the scope of this study 

did not include measures to protect waterfront properties from overland flooding and erosion. 

A full summary of the PIC is attached to this report as Technical Brief TB7 in Appendix B. 
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7.0 RECOMMENDATIONS & CONCLUSIONS (PIEVC STEP 5) 

Based on the outcomes of the assessments described in the foregoing sections of this report, 

Landmark recommends that the following measures be implemented to address the vulnerability 

of the City’s existing flood protection infrastructure in East Riverside: 

• As a first priority, the City should carry out functional and detailed design of backflow 

prevention measures for each of the locations identified in this report where the storm 

sewer system crosses under the diking system.  Design works should be carried out in 

coordination with the ongoing Sewer Master Plan and should incorporate automated 

controls and/or alert systems wherever sluice gates are included in the design. 

• Upon completion of functional and detailed design, the new backflow prevention 

measures should be implemented in the field as soon as possible.  The preliminary total 

construction estimate for these works (including engineering and administrative costs) is 

in the order of approximately $1,300,000.  If a phased approach to construction is deemed 

necessary, the sewer works east of Little River should be given first priority, based on the 

outcome of the risk assessment presented in this report. 

• Secondary only to the implementation of the backflow prevention works, functional and 

detailed design of the proposed dike improvements for the area west of Little River should 

be carried out as soon as possible.  This work should be coordinated with the ongoing 

Class Environmental Assessment for the Sewer Master Plan in order to provide a 

mechanism for property acquisition along Riverside Drive, where needed. 

• Upon completion of functional and detailed design, property and/or easements should 

be acquired where needed for the construction of the proposed dike improvements.  

Construction of the recommended dike improvements west of Little River should then 

proceed as soon as possible.  The preliminary construction estimate for these works 

(including engineering and administrative costs) is in the order of approximately 

$8,700,000.  If a phased approach to construction is desired, the segments of the dike 

alignment where no discernable dike currently exists (i.e., west of St. Rose Beach, from 

St. Rose to Fairview Boulevard, and from the St. Paul Pumping Station to Watson Avenue) 

should be given first priority. 

• Upon completion of the backflow prevention measures and the dike improvements west 

of Little River, functional and detailed design of the dike improvements east of Little River 

should proceed, followed by construction.  The preliminary construction estimate for 

these works (including engineering and administrative costs) is in the order of 

approximately $8,700,000. 

• The City should budget for and implement a policy requiring regular inspections of the 

diking system and any backflow prevention measures that are implemented as a result of 

this report.  We would recommend an initial minimum inspection schedule of once every 

3 years. 
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• The City should also include an item in its operating budget for regular maintenance and 

repair of the diking system and any new backflow prevention measures.  The amount of 

this budget should be determined in consultation with the City’s Contracts, Field Services 

& Maintenance Division. 

In addition to the above, we recommend that a follow-up analysis of the water levels on Lake St. 

Clair be carried out prior to the year 2030 to confirm whether the predicted effects of climate 

change remain valid. 

The rationale and basis for the above recommendations and conclusions is detailed in PIEVC 

Worksheet Step 5 (see Appendix A), along with a formal statement of vulnerability. 
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8.0 OBSERVATIONS & IMPACTS – SUMMER 2019 

The execution of this flood risk assessment was complicated by the return of record-high water 

levels on Lake St. Clair over the late spring and summer of 2019.  The previous instantaneous 

record high level of 176.033m that had been observed at the Windmill Point gauge station in 

1986 was exceeded several times over June and July of 2019 – reaching an observed peak level 

of 176.107m on 28 June 2019. 

Given the potential for inland flooding to occur during periods of high water levels, Landmark put 

a priority on developing detailed topographic contour maps of the existing dike system, aimed at 

identifying weak points and areas where temporary measures such as sandbagging should be 

implemented.  Preliminary versions of the maps depicted in Figures 9 through 18 of this report 

were shared with the City’s Operations Department in May 2019 to assist with the City’s 

emergency preparation measures, and site inspections of the dike system were carried out in 

cooperation with City staff. 

Although water levels did not reach the point where extensive inland flooding was observed over 

the summer of 2019, some minor flooding issues on Riverside Drive (on the north side of the 

dike) were observed on several occasions.  These observations are summarized in Figures 27 and 

28.  It is fortunate that strong, sustained winds from the north or northeast did not occur during 

this period of high water levels, or the observed flooding issues could have been much more 

extensive. 

A graphical representation of the observed water levels at the Windmill Point gauge over the 

past three summers is provided in Figure 29.  As indicated therein, water levels appear to have 

begun their usual seasonal decline after peaking in early summer.  Nevertheless, the levels 

remain unusually high and lingering high water levels on the upper Great Lakes suggest that this 

issue could recur next summer.  We strongly recommend that the City take steps to implement 

the flood protection measures outlined in this report as soon as possible. 
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Table 1: Relative Assessment of Top of Dike Elevations 

Design Criteria Designated Elevations 

Percentage of Existing Dike System 
Above Designated Elevation 

West of Little 
River 

East of Little 
River 

Original Dike Design 
(1986) 

176.4m (Flood Level) 39.2% 99.1% 

176.7m (Flood Level plus 0.3m freeboard) 15.4% 52.5% 

Current Conditions 
(2019) 

176.5m (Flood Level) 31.9% 98.6% 

176.8m (Flood Level plus 0.3m freeboard) 12.7% 37.1% 

Projected Future 
Conditions (2050) 

176.8m (Flood Level) 12.7% 37.1% 

177.1m (Flood Level plus 0.3m Freeboard) 0.8% 3.4% 
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TABLE 2:  STORM SEWERS WITH CROSS-CONNECTIONS UNDER THE DIKE 

Connecting Storm 

Sewer 

City of Windsor 

Sewer Atlas 

Manhole ID at Dike 

Pipe 

Diameter 

(mm) 

Design 

Flow 

direction 

Easting Northing 
 

Drainage Area 

S1 Outfall – west 

of St. Rose 

Beach 

MH#6R36R3 750 North 338699.727 4688563.023 Local stormwater sewer extending south 

to Wyandotte St.; catchment area is not 

defined 

S2 Outfall – St. 

Rose Beach 

MH#6R780 3050x152

5 

North 338886.225 4688612.275 Gravity outfall with approximate 

catchment area between Jefferson Blvd. 

and Parkview Ave., bounded on the south 

by the VIA rail tracks 

S3 Pumping 

Station – St. 

Paul 

MH#6RPS2254 2250 North 339391.386 4689220.428 Catchment area approximately bounded to 

the east by Parkview Ave., to the west by 

Lauzon Rd., Watson Ave and Dieppe St.; 

bounded on the south by the VIA rail 

tracks 

S4 Riverside Dr. 

Sewer 

MH#6R4287 

MH#6S4323 

450 

250 

East 

East 

339668.622 4689518.009 Along Riverside Dr. from Lauzon to the 

approximate northing and easting point 

where mains cross under the proposed 

berm 

S5 Watson Ave. MH# 6R4477 450 South 339770.346 4689517.399 Main along Watson is receiving flows from 

main along Riverside Drive from east and 

west of Watson Ave. 

S6 Dieppe St. MH# 6R4481 350 South 340017.969 4689507.567 Main along Dieppe is receiving flows from 

main along Riverside Drive, west of Dieppe 

St. 

S7 Riverdale Ave. MH# 6R699 1050 South 340880.661 4689234.913 Receives flows form along Riverside Drive 

S8 Mountbatten 

Cres. 

MH# 6R3687 600 North 341223.893 4689186.220 Flows into main along Riverside Drive, 

catchment area is from residences along 

Mountbatten Cres. 
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TABLE 2:  STORM SEWERS WITH CROSS-CONNECTIONS UNDER THE DIKE (CONTINUED): 

S9 Vanderbilt 

Cres. 

MH# 6R3538 600 North 341544.300 4689180.006 Flows into main along Riverside Drive, 

catchment area is from residences along 

Vanderbilt Cres. 

S10 Sand Point Crt. MH# 6R3458 675 North 341617.514 4689178.295 Flows into main along Riverside Drive, 

catchment area is from immediate area of 

Sand Point Crt. 

S11 Florence Ave. MH# 6R889 375 North 341885.116 4689077.303 Flows into main along Riverside Drive, 

catchment area is along Florence including 

side streets to the west and extending 

south to Wyandotte St.  

S12 John M. St. MH# 6R654 300 North 341973.972 4689030.624 Flows into main along Riverside Drive, 

catchment area is immediate area of John 

M. St. and Menard St. east of Florence 

Ave.  

S13 Elinor St. MH#6RP998 N/A North 342048.942 4688989.803 Short segment of main – appears to 

terminate at a catch basin along Clairview 

Ave. that collects surface flows from 

Clairview Ave. and Elinor St. 

S14 Clover St. MH# 6RP1082 900 North 342128.890 4688920.355 Short segment of main – appears to 

terminate at a catch basin along Clairview 

Ave. in front of Stop 26 Ice Cream  

S15 Clover St. MH# 6R989 375 North 342156.310 4688941.305 Flows into main along Riverside Drive, 

catchment area is along Clover Ave. south 

to Wyandotte St. E. 

S16 Outfall to East 

Marsh 

Pumping Stn. 

MH#6R658 1800 North 342397.424 4688875.490 Conveys flows from main east and west of 

Riverside Drive to East Marsh pumping 

station 
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TABLE 2:  STORM SEWERS WITH CROSS-CONNECTIONS UNDER THE DIKE (CONTINUED): 

S17 Amalfi Crt. MH# 6R3711 375 N/A 343110.773 4688639.370 Direction of flow not identified.  

Connected to main along Riverside Drive 

with note in sewer atlas indicating “Sluice 

gate”.  This may need to be verified 

S18 Jarvis Ave. MH# 6R665 300 North 343248.528 4688600.452 Flows into main along Riverside Drive, 

catchment area is area along Jarvis south 

to Castle Hill Rd. 

S19 Outfall East of 

Rendezvous 

Park 

MH#6RPS3312 350 North 343786.301 4688404.822 Not connected to main along Riverside 

Drive.  Runs along Rendezvous Dr. and is 

connected via main on Little River to Blue 

Heron Lake 

NOTE:   

1)  NAD83, UTM Zone 17 reference datum used for northing and easting; 

2)  Sewer locations and identification numbering referenced from the City of Windsor Sewer Atlas dated 2017; 

3)  Description of catchment areas have been generalized. 
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TABLE 3:  CATCH BASIN LOCATIONS WITH CROSS-CONNECTIVITY UNDER THE DIKE  

Catch Basin Location Description 

City of 

Windsor 

Sewer Atlas 

Identification  

Connecting 

Pipe 

Diameter 

(mm) 

Easting Northing 

C1 In pkg lot of St. Clair Towers, 

west side of building 

6R974 N/A 340362.766 4689590.766 

C2 At rear property line of 410 

Mountbatten 

CB-6R03950 375 341268.017 4689162.001 

C3 East of Martinique Ave., south 

side of berm 

CB-6R03951 500 341470.084 4689178.888 

C4 West of Vanderbilt Cres., south 

side of berm 

CB-6R03952 200 341492.326 4689173.276 

C5 27m west of Sand Point Crt, 5m 

south of storm sewer 

CB-6R03953 200 341589.689 4689173.279 

C6 39m east of Sand Point Crt, 7m 

south of storm sewer 

CB-6R03954 200 341655.314 4689167.233 

C7 18m west of Sand Point Beach 

pkg lot, 10m south of storm 

sewer 

CB-6R03955 400 341712.302 4689153.881 

C8 36m west of Florence Ave., 31m 

south of sewer main 

CB-6R03956 400 341850.999 4689059.016 

C9 9m west of Clover Ave., at north 

edge of asphalt of Clairview Ave. 

BV-140  

CB-6R03957 

200 342120.340 4688938.586 

C10 51m east of Clover Ave., 3m 

south of Clairview Ave. 

BV-141 

CB-6R03958 

200 342200.943 4688877.359 

C11 North-west side of Sportsman 

Club parking lot 

BV-142 

CB-6R03959 

250 342377.718 4688791.281 

C12 8m south of sewer main, 38m 

east of Sportsman Club parking 

lot 

BV-143 

(6R0891) 

900 342420.489 4688808.421 

C13 168m east of Sportsman Club 

parking lot, 10m south of storm 

sewer 

BV-144CB-

6R03960 

250 342547.484 4688771.865 

C14 232m east of Sportsman Club 

parking lot 5m south of storm 

sewer 

BV-145 

CB-6R03961 

250 342609.463 4688761.468 

C15 136m west of Greenpark Blvd., 

5m south of storm sewer 

BV-146 

CB-6R03962 

300 342759.157 4688722.012 

C16 6m north of Amalfi Crt., 103m 

west of Jarvis Ave. 

BV-147 

CB-6R03963 

400 343140.333 4688625.792 

C17 48m west of Jarvis Ave., 4m 

south of storm sewer 

BV-148 

CB-6R03964 

375 343192.227 4688613.433 
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TABLE 3:  CATCH BASIN LOCATIONS (CONTINUED): 

C18 80m west of Cora Greenwood 

Dr., 10m south of storm sewer 

BV-149 

CB-6R03965 

150 34.370.323 4688552.776 

C19 50m east of Cora Greenwood Dr., 

6m south of storm sewer 

BV-150 

CB-6R03966 

150 343511.667 4688516.173 

C20 44m west of Lakeview Ave., 12m 

south of storm sewer 

BV-151 

CB-6R03967 

200 343615.168 4688481.497 

C21 24m west of Lakeview Ave., 8m 

south of storm sewer 

BV-152 

CB-6R03968 

200 343633.219 4688481.142 

C22 48m east of Lakeview Ave., 15m 

south of storm sewer 

BV-154 

CB-6R03970 

200 343717.417 4688451.803 

NOTE:   

1)  NAD83, UTM Zone 17 reference datum used for northing and easting 

2)  Sewer locations and identification numbering referenced from the City of Windsor Sewer Atlas 

dated 2017  

3)  Description of catch basin location is approximate  

4)  Catchment area has not been described for individual catch basins; catch basins provide general 

drainage for local areas south of dike. 
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Table 4 :  Preliminary Budget Estimate

Dike Modifications West of Little River

Item Quantity Unit Unit Price Total Price

1 320 M 550 $170,000

2 640 M 750 $480,000

3 340 M 250 $80,000

4 620 M 300 $190,000

5 130 M 850 $110,000

6 320 M 2,100 $680,000

7 560 M 2,200 $1,230,000

8 37 Each 100,000 $3,700,000

9 3 Each 20,000 $60,000

10 2 Each 1,000,000 $2,000,000

Total West of Little River = $8,700,000

Dike Modifications East of Little River

Item Quantity Unit Unit Price Total Price

1 2000 M 350 $700,000

2 820 M 250 $200,000

3 13 Each 600,000 $7,800,000

Total East of Little River = $8,700,000

Raise roadways south of Riverside 

Earth Berm with path along the peak

Description of Work

Earth Berm

Berm Crossing Riverside Drive

Wall

Wall with Berm

Description of Work

Road Crossing at Intersections

Earth Berm with Heavy Landscaping

Earth Berm with Heavy Landscaping and Fence

Earth berm in Park Area

Earth Berm with path along the peak

Driveway Berm

Mechanical Gate

Landmark Engineers Inc.
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Sewer Modification /  Backflow Protection Measures

Item Quantity Unit Unit Price Total Price

1 5 Each 25,000 $120,000

2 10 Each 20,000 $200,000

3 27 Each 15,000 $420,000

4 56 Each 10,000 $560,000

Total Sewer Mod./Backflow Measures = $1,300,000

$8,700,000

$8,700,000

Total Sewer Mod./Backflow Measures = $1,300,000

$18,700,000

Note:  The above estimates do NOT include allowances for property acquisition

Total West of Little River = 

Total East of Little River = 

Total Project Estimate = 

Description of Work

Manhole with sluice gate

Manhole with duckbill

Catchbasin with duckbill

Storm sewer crossings

Landmark Engineers Inc.


