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Statement of Qualifications and Limitations 

The attached Report (the “Report”) has been prepared by AECOM Canada Ltd.  (“Consultant”) for the benefit of the 
client (“Client”) in accordance with the agreement between Consultant and Client, including the scope of work 
detailed therein (the “Agreement”). 

The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”): 

 is subject to the scope, schedule, and other constraints and limitations in the Agreement and the 
qualifications contained in the Report (the “Limitations”) 

 represents Consultant’s professional judgement in light of the Limitations and industry standards for the 
preparation of similar reports 

 may be based on information provided to Consultant which has not been independently verified 
 has not been updated since the date of issuance of the Report and its accuracy is limited to the time 

period and circumstances in which it was collected, processed, made or issued 
 must be read as a whole and sections thereof should not be read out of such context 
 was prepared for the specific purposes described in the Report and the Agreement  
 in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and 

on the assumption that such conditions are uniform and not variable either geographically or over time 

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has 
no obligation to update such information.  Consultant accepts no responsibility for any events or circumstances that 
may have occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or 
geotechnical conditions, is not responsible for any variability in such conditions, geographically or over time. 

Consultant agrees that the Report represents its professional judgement as described above and that the 
Information has been prepared for the specific purpose and use described in the Report and the Agreement, but 
Consultant makes no other representations, or any guarantees or warranties whatsoever, whether express or 
implied, with respect to the Report, the Information or any part thereof. 

The Report is to be treated as confidential and may not be used or relied upon by third parties, except: 

 as agreed in writing by Consultant and Client 
 as required by law 
 for use by governmental reviewing agencies 

Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may 
obtain access to the Report or the Information for any injury, loss or damage suffered by such parties arising from 
their use of, reliance upon, or decisions or actions based on the Report or any of the Information (“improper use of 
the Report”), except to the extent those parties have obtained the prior written consent of Consultant to use and rely 
upon the Report and the Information.  Any damages arising from improper use of the Report or parts thereof shall be 
borne by the party making such use. 

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the 
Report is subject to the terms hereof. 
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Executive Summary 
Introduction 

In July 2004, the City of Peterborough (the City) was hit by a severe rainfall event that caused significant flood 
damage. Insured private property damages reportedly exceeded $87 million while Ontario Disaster Relief Assistance 
Program (ODRAP) infrastructure damages of approximately $25 million were incurred.  In addition, insured losses 
and indirect damages such as disruption in residential living conditions, loss of business, and loss of wages or 
income, were sustained. 

Shortly after the flood, the City retained AECOM (formerly UMA Engineering Ltd.) to investigate the causes and 
determine remedial measures to improve the operation of the drainage system and reduce the risk of damage from 
future flooding. AECOM undertook a City-wide Flood Reduction Master Plan Study (the Master Plan) under the 
Environmental Assessment Act to plan infrastructure improvements as part of the City’s overall systems, before 
dealing with project-specific issues. 

Recommendations from the Master Plan included the preparation of detailed flood reduction studies for each of the 
watersheds flowing through the City.  Detailed studies have been completed for the seven (7) watersheds that drain 
through the City of Peterborough.  This report constitutes the master planning process for the remaining areas within 
the City of Peterborough not covered by the watershed studies (i.e., un-named City tributaries).  

This Study was conducted as a Master Plan under the Municipal Class Environmental Assessment (EA), addressing 
Phases 1 and 2 of the Municipal Class EA process.  In addition to public notices of the study commencement and 
completion, two Public Open Houses were held to present the study findings and recommendations to the public. 

Existing Conditions 

Complex hydrologic and hydraulic modelling was undertaken to assess the capacity of the existing storm drainage 
systems through the study area, which carry runoff from the developed portions of the study area to the Otonabee 
River or smaller open drainage systems.  Urban flood flows were generated with the USEPA SWMM model utilizing 
the PCSWMM graphic user interface.  The PCSWMM model was set up simulate the flows through both the piped 
and overland flow drainage systems simultaneously, considering pipe and catchbasin capacity, as well as the 
depressed areas that allow the overland flow to return to the piped systems.  The PCSWMM model was calibrated 
using rainfall records and storm sewer flows that were recorded during the summer and fall of 2010.  Finally, the 
HEC-GeoRAS hydraulic model was used to determine the depth and extent of flooding and flood damages along the 
overland flow routes based on the overland flow rates calculated by the PCSWMM model.   

There are three open drainage systems through the study area which required a different approach to calculate peak 
flow rates.  SWMHYMO models were developed to calculate the peak flow rates from both the rural and urban 
portions of the study area draining to these systems.  The HEC-GeoRAS program was then used to calculate the 
corresponding flood levels and extent of flooding through the open drainage systems.   

The models were simulated for a number of storm events, ranging from a 1 in 2 year storm to the Timmins historical 
storm, representing the worst storm on record that could potentially occur over the study area.  The flood plains were 
then mapped for each these storm events.  As per the procedures developed through the City-Wide Flood Reduction 
Master Plan, flood damage estimates were calculated as 30% of the value of any building within the flood plain for a 
given storm event.  The assessed values of the impacted properties through the study area were based on the latest 
property assessments completed by the Municipal Property Assessment Corporation (MPAC), which were provided 
to AECOM by the City of Peterborough. 
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A total of 214 buildings are predicted to be impacted by flooding from a 1 in 2 year storm, and a total of 444 buildings 
are predicted to be impacted by a 1 in 100 year storm.  The average annual flood damages were determined to be 
approximately $15.8 Million per year.   

Alternative Solutions 

A range of alternative solutions to reduce flooding and flood damages through the study area were developed and 
evaluated. The following potential solutions were examined for applicability to each area affected by flooding: 

 Do Nothing 
 Source Controls (disconnect roof leaders from the sewer, permeable pavement, green roofs) 
 Peak Flow Controls (stormwater management ponds, underground storage tanks) 
 Storm Sewer Upgrades (larger pipes, new sewer systems, additional catchbasins) 
 Overland Flow Upgrades (reconstruct streets with curb and gutter, re-grade streets to remove un-

drained low areas along the profile) 
 Flood Proofing (berms, water-tight building retrofits) 

The feasible alternatives for each area impacted by flooding were evaluated against a range of criteria, including 
cost, impacts to the natural environment, impacts on the social environment, engineering difficulty and the degree to 
which flood damages could be reduced.  A total of twenty-six (26) flood reduction projects were recommended to 
prevent flood damages through the study area for up to a 1 in 100 year storm event.  The recommended projects are 
illustrated in Figures 6.1 through 6.19 of this report.   

Recommended Action Plan 

Implementation of the preferred alternative requires a large number of individual construction projects.  Funding 
limitations, the availability of contractors, and the economies achievable by undertaking flood reduction projects in 
concert with other municipal initiatives, such as road reconstruction, are unlikely to allow all of these projects to be 
implemented simultaneously.  Therefore, further analyses were undertaken to prioritize the individual construction 
projects.  Projects were primarily ranked based on the degree of flood damage reduction that can be achieved 
relative to the construction cost.  Table ES.1 presents the prioritized list of flood reduction projects. 

Table ES.1 Prioritization of Recommended Works 

Priority Section Solution Description Cost 
(Thousands) 

Benefit: 
Cost 

EA 
Schedule 

1 Simcoe Street Add 11 CBs $21 161 A 

2 Park Street South 
Upgrade 200 m of Park St. trunk sewer, add 32 CBs and re-
grade intersection at McGill 

$567 2.3 A+ 

3 Princess Street & 
Area 

Add 24 CBs, re-grade portion of Princess & Park intersection 
and disconnect storm sewer at Park & Romaine 

$65 22.0 A+ 

4 Arndon Avenue Add 4 CBs $8 8.0 A 

5 Wilfred Drive Add 8 CBs and re-grade part of Wilfred Dr. $36 7.7 A+ 

6 River Road South Re-grade easement west of Southlawn $11 6.5 A+ 
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Priority Section Solution Description Cost 
(Thousands) 

Benefit: 
Cost 

EA 
Schedule 

7 Romaine Street & 
Area 

Upgrade 245 m of storm sewers, add 24 CBs and reconstruct 
Romaine St with curb and gutter 

$595 2.0 B 

8 High Street & 
Area 

Upgrade 220 m of storm sewers, add 24 CBs and re-grade an 
overland flow easement through park 

$190 3.1 B 

9 Southlawn Drive Re-grade roadway at corner of Saugeen Cres. $36 2.5 A 

10 Stewart Drive 
Re-grade 100 m of roadway and the easement to the SWM 
pond 

$48 1.8 A+ 

11 St. Catherine 
Street 

Reconstruct roadway with curb and gutter, add 8 CBs and re-
grade the intersection at O'Connell & Park 

$322 1.6 B 

12 Romaine Street 2 Upgrade 1340 m of storm sewers and add 26 CBs $852 1.3 B 

13 Chamberlain & 
Park Streets 

Upgrade 730 m of storm sewers, add 38 CBs and re-grade a 
portion of Park St. 

$584 1.4 B 

14 Crawford Drive & 
Area Upgrade 670 m of storm sewers and add 26 CBs $479 1.3 A+ 

15 Monaghan Road 
& Area Upgrade 1900 m of storm sewers and add 44 CBs $1,261 1.2 A+ 

16 Sherburne Street 
& Area Upgrade 165 m of storm sewers, add 42 CBs $166 1.1 A+ 

17 Riverview Heights Upgrade 245 m of storm sewers and add 8 CBs $136 1.0 A+ 

18 Barker & Sherin 
Avenues 

Re-grade 185 m of roadway and the easement to the 
Otonabee River 

$88 0.9 A+ 

19 Perry Street Upgrade 830 m of storm sewer and add 4 CBs $472 0.8 A+ 

20 Southpark Drive Reconstruct roadway with curb and gutter $135 0.8 A+ 

21 Water Street & 
Area 

Upgrade 290 m of storm sewers, add 14 CBs and reconstruct 
Edinburgh St. 

$244 0.7 A+ 

22 Braidwood 
Avenue & Area Upgrade 930 m of storm sewers and add 10 CBs $637 0.6 A+ 

23 Harvey Street 
Re-grade roadway and overland flow easement to the 
Otonabee River 

$42 0.6 A+ 

24 Riverside Drive Reconstruct the roadway with curb and gutter $255 0.3 A+ 

25 Monaghan Road 
2 Add 8 CBs and install underground storage $897 0.5 B 

26 Fisher Drive 
Construct a 190m long flood protection berm to prevent water 
from entering the building 

$4 154 B 
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Additional Recommendations 

In addition to the Recommended Projects set out above, the following activities are also recommended to enhance 
the success of flood damage reduction within the Study area: 

Maintenance: Enhanced maintenance of the storm sewer system (catchbasin cleanouts, CCTV inspections, sewer 
flushing) is recommended to ensure that the capacities of the existing and proposed upgraded storm sewer systems 
are fully available. All of the culverts through the rural portions of the study should also be regularly inspected and 
maintained as needed.   

Stormwater Management for New Development:  Stormwater management controls are recommended for new 
development to prevent any increases in peak flow rates in drainage courses for up to the 100 year storm event.  
Pre and post development peak flow rates in the specific drainage course should be evaluated both at and 
downstream of the outlet from the development.  It is noted that the functional servicing plans for the proposed 
Coldsprings Secondary Plan area, located east of the Otonabee River and south of Highway 7&115, appear to 
include adequate stormwater management controls.  

Current City of Peterborough guidelines for the design of minor and major drainage systems are adequate to prevent 
flood damages along the major overland flow routes.  However, it is recommended that the guidelines be clarified to 
ensure that there is an adequate, flood free overland flow route where runoff from new or re-development areas 
travels through existing developed areas before reaching the receiving watercourse.  The adoption of low impact 
development stormwater management practices should also be encouraged in re-development projects.   

Sanitary Backup: Sanitary sewer back-up risk within the City of Peterborough remains a subject of interest to both 
the insurance industry and residents.  Implementation of the recommendations of this, and the other storm system 
studies the City has commissioned, will reduce surface water flood damages.  However, there will still be some 
potential for flood damages due to sanitary sewer back-up.  The City has initiated a Detailed Sanitary Sewer 
Environmental Assessment to determine the key causes of sanitary sewer back-up, and to develop a plan to mitigate 
potential damages from sanitary sewer back-up.   

Sedimentation in Neal Drive Culvert: Storm runoff from a residential area north of Highway 7&115 and east of the 
Otonabee River flows southward to the wetland complex south of the City via an open channel system with culverts 
under Highway 7&115, Neal Drive and a railway.  During the field investigations in the fall of 2010, significant 
sedimentation was observed in the twin culverts under Neal Drive.  The excessive sedimentation may be due in part 
to a significant backwater from the wetland complex that extended to north of Neal Drive.  Water levels at the rail 
crossing were above the top of the culvert and only slightly below the base of the rails.  The analyses completed for 
this flood reduction study accounted for the existing level of sediment in the culverts.  While no buildings are 
predicted to be impacted from flooding, Neal Drive is expected to be overtopped by the 50 year storm event.  Of 
more concern is a further reduction in capacity of the culverts due to continued sediment accumulation in the 
culverts.  Further investigation is recommended, in co-operation with the Township of Otonabee-South Monaghan, to 
determine the cause of the high water levels in the wetlands (beaver dams, debris jams, etc) and assess options to 
lower normal water levels in the system.  The MNR should be consulted before undertaking any activities to lower 
water levels in the downstream wetlands.   

Cleanout of the Neal Drive culvert is also recommended.  However, as the watercourse contributes to fish habitat, 
the ORCA and DFO should be consulted prior to undertaking any work to determine timing restrictions and 
appropriate techniques for any sediment removal.   

Climate Change:  The effects of climate change could contribute to changes in the duration, frequency and intensity 
of rainfall expected over the City of Peterborough.  The City of Peterborough does not have a Corporate Strategy on 
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Climate Change.  Until such a policy is established the City should continue to implement engineering best practices 
when preparing detailed designs for the recommended projects.  In the absence of a corporate policy consideration 
should given to potential climate change impacts when preparing detailed designs for the recommended projects.  
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1. Introduction 
1.1 Background 

In July 2004, the City of Peterborough (the City) was hit by a severe rainfall event 
that caused significant flood damage. Insured private property damages reportedly 
exceeded $87 million while Ontario Disaster Relief Assistance Program (ODRAP) 
infrastructure damages of approximately $25 million were incurred. In addition, 
insured losses and indirect damages such as disruption in residential living 
conditions, loss of business, and loss of wages or income, were sustained. 

Subsequent to this, the City retained AECOM (formerly UMA Engineering Ltd.) to 
investigate the causes and determine remedial measures to improve the operation 
of the drainage system and reduce the risk of damage from future flooding.  AECOM undertook a City-wide Flood 
Reduction Master Plan Study (the Master Plan) under the Environmental Assessment Act to plan infrastructure 
improvements as part of the City’s overall systems, before dealing with project-specific issues.  The following causes 
were identified in the Master Plan: 

 Unprecedented heavy rainfall of an intensity of more than twice the current design standard used by most 
municipalities, centred on the largely impervious downtown core, resulting in high runoff 

 Insufficient storm sewer capacity caused primarily by ineffective water collection and undersized pipes. 
Approximately 80% of the City’s storm trunk sewers analyzed do not meet current 5-year design standards 

 Poorly defined overland flow routes caused primarily by filling in of natural waterways over time without 
accommodating the water elsewhere.  The Master Plan concluded that a large number of properties in the 
City are vulnerable to overland flow damage from a 100-year storm event 

 Unwanted water getting into the sanitary sewer system leading to system overflow. It is believed to be 
primarily a result of foundation drain and illegal roof leader connections and inflow through aging pipes and 
manholes. In “dry” weather, the wastewater treatment plant receives up to twice as much water as the public 
utility commission (PUC) water treatment plant delivers to residents. In “wet” weather, this number climbs to 
six (6) or more times the PUC water delivered.   

Recommendations from the Master Plan included the preparation of detailed flood reduction studies for each of the 
watersheds flowing through the City.  Detailed studies have been completed for the seven (7) watersheds that drain 
through the City of Peterborough (See Figure 1.1).  However, a significant portion of the City does not drain to the 
seven watersheds.  Instead, these areas are serviced by storm sewer systems that discharge directly into the 
Otonabee River or by small open drainage courses that lead the Otonabee River or to the wetlands at the south limit 
of the City. This study addresses flooding and flood damages for these areas draining directly to the Otonabee 
River and wetlands to the south.  Note, however, that this study does not address flooding and flood damages from 
high water levels in the Otonabee River.  

Note also that flooding due to unwanted water getting into the sanitary sewer system is beyond the scope of this 
study. The City is nearing completion of a separate Sanitary Sewer Environmental Assessment to address flooding 
from the sanitary sewer system.  
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Figure 1.1 City of Peterborough Watershed Map 

1.2 Municipal Class Environmental Assessment Master Plan Process 

All municipal projects in Ontario require approval under the Environmental Assessment Act (EAA). However, 
carrying out individual environmental assessments (IEAs) and/or seeking exemptions to comply with the 
requirements of the EAA is onerous, time consuming, and expensive. Since municipalities undertake hundreds of 
projects, the Municipal Engineers Association (MEA) Municipal Class Environmental Assessment (Class EA), 
October 2000 (as amended 2007) provides an approved planning procedure to assess, at an appropriate level, the 
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potential natural, social, cultural, economic and technical impacts of a class of projects. The MEA provides the 
approved procedure by which undertakings must be carried out in order to satisfy EAA.  It is based on the premise 
that Class projects: 

 Stem from a common need; 
 Usually are similar in nature and limited in scale; 
 Share the same planning, design and construction process; and,  
 Result in predictable, relatively minor or mitigable adverse environmental impacts.  

The Municipal Class EA process provides a decision-making framework that enables the requirements of the EAA to 
be met in a timely and cost-effective manner. 

Environmental Assessment (EA) is a decision-making process used to promote good environmental planning by 
assessing the potential effects of certain activities on the environment. The purpose of the EAA is the “betterment of 
the people of the whole or any part of Ontario by providing for the protection, conservation and wise management in 
Ontario of the environment”, where the broad environment includes the natural, social, cultural, constructed and 
economic environments. To achieve this, the EAA ensures that environmental problems or opportunities are 
considered and their effects are planned for before development or building takes place. 

The Municipal Class EA provides a streamlined, self-administered framework for EA planning of municipal projects 
under the provisions of the EAA. The Municipal Class EA enables the planning and execution of municipal projects 
using an approved procedure, which ensures that potential effects on the natural, social, cultural, technical and 
economic/financial environment are taken into consideration on a consistent basis.  Most importantly, when the 
Municipal Class EA process is followed, the City is not required to obtain project specific approval under the EAA. 

The Municipal Class EA recognizes that, in many cases, it is better to plan infrastructure improvements as part of an 
overall system, before dealing with project-specific issues. This allows the proponent to better define the need and 
justification for individual or specific projects within a broader planning context before proceeding with individual 
works on a project-by-project basis. 

Given the broad nature of the identified problems and recognizing the need for a coordinated approach to the City’s 
complex urban drainage and sanitary sewer systems, this Study was conducted as a Master Plan under the EAA. 
Master Plans are defined under in the MEA as a “long range plan which integrates infrastructure requirements for 
existing and future land use with environmental assessment principles. At a minimum, a Master Plan addresses 
Phases 1 and 2 of the Municipal Class EA process”.  Accordingly, the Study will support and provide the framework 
to facilitate subsequent Municipal Class EA approvals for specific future projects identified with the City of 
Peterborough, should they be required. 

The Master Plan process differs from project specific studies in several aspects. It facilitates long range planning that 
enables a municipality to identify opportunities and proactively develop strategies for addressing any associated 
issues. This approach generally yields a framework for planning and implementation of subsequent projects (or a 
course of action) in combination with a phased implementation plan or program that covers an extended period of 
time. Though these projects may be implemented as separate works, collectively they form part of the overall 
management system embodied in the Master Plan.  Prior to the implementation of specific projects recommended 
within the context of the Master Plan, it is first necessary to determine their level of complexity and potential effects 
on the environment. 
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1.3 Ten Year Review Requirements 

A time lapse may occur between the filing of the Master Plan and the implementation of each project. In such cases, 
the proposed project and the environmental mitigation measure approvals may no longer be valid.  If the period of 
time from filing of the Notice of Completion of the Master Plan in the public record to the proposed commencement 
of project construction exceeds ten years, the proponents shall review the planning and design process and the 
current environmental setting to ensure that the project is still valid given the current planning context. The review 
shall be recorded in an addendum to the Master Plan which shall be placed on the public record. 

Notice of Filing of Addendum shall be placed on the public record with the Master Plan Addendum and shall be 
given to the public the review agencies. A period of 30 calendar days shall be provided for review and response. If 
no request is received, the proponent is free to proceed with implementation. 

1.4 Study Approach 

In keeping with the Master Plan process, this Study has incorporated the key principles of successful environmental 
assessment planning. Consequently, assessment level undertaken for this Study has addressed the first two (2) 
phases of the Municipal Class EA process by providing the Problem Statement, regarding the nature and/or extent 
of the problem including an explanation of the source for the concern, and the need for a solution (Phase 1). This 
Study also provides a description and assessment of Alternative Solutions, coupled with the decision-making 
process used to select the Priority Study Areas / Projects (Phase 2).  The MEA process is illustrated in Figure 1.2 
below.  

Figure 1.2 The Municipal Class EA Planning and Design Process 

1.5 Study Schedule 

As this Study is being undertaken in the form of a Master Plan, it is subject to approval by the municipality and will 
not require any additional approvals under the Environmental Assessment Act (EAA).  However, the level of 
investigation, consultation and documentation for this project are sufficient to fulfill the requirements for all Schedule 
‘A’, ‘A+’ and ‘B’ projects.  As such, the Un-named City Tributaries Master Plan will be made available for a minimum 
30-day public review period.  Following this review period, the City may proceed with its implementation of the 
individual projects outlined in this Master Plan.   

It is anticipated that the requirements of Phases 1 and 2 of the Municipal Class EA process will have been satisfied 
for all of the recommended projects in this Master Plan.  
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1.6 Project Team Organization 

The AECOM Project Team consists of specialists in Drainage, Hydrology and Hydraulics, Environmental and Land 
Use Planning, as well as Public/Regulatory Agency Consultation. Key staff involved in the Study included:  

 Mr. Steve Hollingworth, Senior Water Resource Engineer 
 Ms. Emily Cameron, Water Resource Engineer 
 Ms. Evelyn Liu, Water Resources Engineer 
 Ms. Renée Pettigrew, Senior Environmental Planner 
 Mr. Larry Sarris, Environmental Planner  
 Ms. Jillian deMan, Terrestrial & Wetland Ecologist 
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2. Phase 1 – Problem or Opportunity 
2.1 Study Area 

As noted above, the master planning process for this Study includes the remaining areas not covered by the 
previously completed watershed studies.  It is noted that the majority of these remaining areas are serviced by storm 
sewer systems or drainage courses that drain directly into the Otonabee River.  The study limits include the un-
named City tributaries boundary identified in Figure 2.1 below, which exclude the flooding and flood damages from 
high water levels in the Otonabee River. 

Figure 2.1 Study Area Limits 
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2.2 Problem Statement 

The purpose of this Flood Reduction Class EA Study is to develop a flood reduction plan for the study area that 
identifies the appropriate methods of reducing both the frequency and magnitude of flood events, including the 
identification of flood protection measures where reduction in flood elevations is not feasible. 

RPT2-060164148-Final Unnamed Tribs Environmental Study Report - 2012 03 26.Docx 7 



   

 

   

 

  
 
 

  
 

 
  

 

  
 

 
 

 

 

  
  

 
  

  
  

 
 
 

    

    

      

    

 
 

   

 
 

  

   

     

  
 

  

     

AECOM City of Peterborough Un-named City Tributaries Flood Reduction Study 
Master Plan 

3. Phase 1 and 2 – Public and Agency Consultation 
3.1 Consultation Approach 

An integral component of the Study was building strong relationships with individuals and groups who are affected 
by the outcome. It was important to work proactively, collaboratively and candidly with all external agencies and 
interested stakeholders to meet the City’s goal of reducing the risk of future flooding.  As detailed below, the 
consultation approach engaged external agencies and interested stakeholders during Phase 1 and Phase 2 of the 
EA process. The approach was designed to fulfill the following objectives: 

 Allow the general public, City Council, stakeholders and external agencies (both federal and provincial) to 
have an opportunity to participate in the study process as well as contribute to decisions at an appropriate 
time; 

 Provide factual information to all affected/interested stakeholders as soon as reasonably possible; and 
 Make contact with external agencies to obtain legislative or regulatory approvals, or to collect pertinent 

technical information. 

3.2 Agency Consultation 

3.2.1 Technical Committee 

A Technical Committee was established as part of this Study to discuss project related matters with key academic 
and governmental agencies involved in water resource management and public policy, and senior City staff.  A list of 
members is provided in Table 3.1 below. 

Table 3.1 Technical Committee Dates and Attendees 

Name Title Agency 
Attendance 

March 3, 2011 May 26, 2011 

Dan Ward 
Flood Reduction 

Program Manager 
City of Peterborough  

Bruno Bianco 
Manager, 

Infrastructure Planning 
City of Peterborough 

Robert J. Dunford Project Manager City of Peterborough  

Wayne Jackson 
Director, Utility 

Services Development 
City of Peterborough  

Brian Jobbitt 
Assistant Manager 

Public Works 
City of Peterborough 

Malcolm Hunt 
Director, Planning and 

Development 
City of Peterborough 

Chris Bradley 
Director of Public 

Works 
County of Peterborough 

Bryan Weir Director of Planning County of Peterborough 

Jane Tymoshuk Fish Habitat Biologist 
Fisheries and Oceans 

Canada 

Joan Chamberlain Parks Canada 
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Name Title Agency 
Attendance 

March 3, 2011 May 26, 2011 

Doug Ryan 
Engineering 
Technologist 

Ministry of Natural 
Resources 

Dave Johnson 
Engineering 
Technologist 

Otonabee Region 
Conservation Authority 



Bryce Sharpe Environmental 
Assessment Officer 

Trent Severn Waterway 


Greg Kinsman Trent Severn Waterway 

The first Technical Committee meeting provided invitees a chance to review and comment on Phase 1 of the project, 
including the Public Open House materials that were subsequently presented to the public on March 8, 2011.  No 
major questions and/or concerns were noted at the first Technical Committee meeting.    

A draft of the presentation materials for the Public Open House # 2 (May 31, 2011) were presented at the second 
Technical Committee meeting.  Much of the discussion focused on the proposed solutions and resulting prioritized 
list of projects.  No major questions and/or concerns were noted at the second Technical Committee meeting.   

3.2.2 External Agencies 

A contact list of external ministries and agencies was established and updated throughout the Study process to 
ensure compliance with the aforementioned consultation approach.  A contact list of external ministries and agencies 
maintained throughout the study and a copy of all notification materials are included in Appendix A. 

Federal and Provincial Agencies 
 Parks Canada  Ministry of Natural Resources 
 Fisheries and Oceans Canada  Ministry of Municipal Affairs & Housing 
 Environment Canada  Ministry of Agriculture, Food & Rural Affairs 
 Indian and Northern Affairs Canada  Ministry of Tourism and Culture 
 Ministry of Aboriginal Affairs  Ministry of the Environment 

Municipalities 
 County of Peterborough  Township of Smith-Ennismore-Lakefield 
 City of Peterborough  Township of Douro-Dummer 
 Township of Otonabee-South Monaghan  Township of Cavan Monaghan 

First Nations 
 Curve Lake First Nation  Hiawatha First Nation 

Other 
 Student Transportation Services of Central Ontario  Otonabee Region Conservation Authority 
 Peterborough Victoria Northumberland and Clarington 

Catholic District School Board 
 Peterborough Lakefield Community Police Service -

Headquarters 
 Kawartha Pine Ridge District School Board  Greater Peterborough Area Economic Development 

Corporation 
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3.2.3 Study Letters and Notices 

The following letters and notices were sent to the external agencies: 
 Notice of Study Commencement – November 12, 2010 
 Notice of Public Open House No. 1 – March 8, 2011 (via email) 
 Notice of Public Open House No. 2 – May 19, 2011 
 Notice of Study Completion – April 4 (Peterborough This Week) and April 5 (Peterborough Examiner) 

3.3 Public Consultation 

3.3.1 Public Open House No. 1 (Phase 1) 

The first Public Open House (POH) was held on March 9, 2011 to introduce the project and present preliminary 
alternative solutions to landowners, municipal, provincial, federal and First Nation representatives, and other 
interested and/or potentially affected stakeholders.  The POH was divided into presentation/participation segments 
where an informal drop in was held from 6:30 pm to 7:15 pm, followed by a formal presentation from 7:15 pm to 7:45 
pm and ending with an audience participation session from 7:45 pm to 8:45 pm.  The POH was held at the Holiday 
Inn, Peterborough-Waterfront, Garden Court located at 150 George Street, Peterborough, Ontario. Notices inviting 
the public to attend the POH were published in the Peterborough Examiner and Peterborough This Week on 
Thursday February 24, Friday February 25, Thursday March 3 and Friday March 4, 2011. 

As a result of the above notification, six (6) public representatives signed in at the POH.  This attendance record is in 
addition to the number of representatives attending from the City of Peterborough and AECOM.  During the POH, 
participants were invited to view the display panels containing information about the project.  The following topics or 
display panels were presented at the POH: 

PIC Display Panels  
 Welcome to the First POH (text)  Existing Flooding – West of Otonabee (graphic) 
 Project Study Area (graphic)  Existing Flooding – East of Otonabee (graphic) 
 Study Background (text and graphic)  Existing Flooding – Sir Sandford Fleming (graphic) 
 The Project (text and graphic)  Preliminary Solutions (text) 
 Study Process (text and graphic)  Project Timeline (text) 
 Environmental Inventories (graphic)  Thank-You for Attending! (text) 
 Existing Flooding – Trent University Area (graphic) 

Participants were encouraged to fill in and submit a Public Questionnaire to gauge feedback on the project. 
Questionnaires could be submitted at the POH or emailed/faxed/mailed to members of the Project Team by March 
25, 2011. A sample Public Questionnaire is included in Appendix A. It is noted that two (2) questionnaires were 
completed during the POH.  The attendees did not have any major concerns with the material presented.   

3.3.2 Public Open House No. 2 (Phase 2) 

The second Public Open House (POH) was held on May 31, 2011 to provide an update on the project and present 
preliminary preferred solutions and prioritized projects to landowners, municipal, provincial, federal and First Nation 
representatives, and other interested and/or potentially affected stakeholders.  The POH was divided into 
presentation/participation segments where an informal drop in was held from 6:30 pm to 7:15 pm, followed by a 
formal presentation from 7:15 pm to 7:45 pm and ending with an audience participation session from 7:45 pm to 8:45 
pm. The POH was held at the Holiday Inn, Peterborough-Waterfront, Saffron Room located at 150 George Street, 
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Peterborough, Ontario.  Notices inviting the public to attend the POH were published in the Peterborough Examiner 
and Peterborough This Week on Wednesday May 25, Thursday May 26 and Friday May 27, 2011.   

As a result of the above notification, eleven (11) public representatives signed in at the POH. This attendance 
record is in addition to the number of representatives attending from the City of Peterborough and AECOM.  During 
the POH, participants were invited to view the display panels containing information about the project.  The following 
topics or display panels were presented at the POH: 

PIC Display Panels 
 Welcome to the Second POH (text)  Preferred Solutions – North of Little Lake (graphic) 
 Project Study Area (graphic)  Preferred Solutions – West of Otonabee 1 (graphic) 
 Study Background (text and graphic)  Preferred Solutions – West of Otonabee 2 (graphic) 
 The Project (text and graphic)  Preferred Solutions – West of Otonabee 3 (graphic) 
 Study Process (text and graphic)  Preferred Solutions – East of Otonabee (graphic) 
 Environmental Inventories (graphic)  Prioritization of Recommended Projects (text) 
 Existing Flooding Conditions (graphic)  Project Timeline (text) 
 Alternative Solutions (text)  Thank-You for Attending! (text) 
 Preferred Solutions – Sir Sandford Fleming Drive 

Participants were offered and encouraged to fill in and submit a Public Questionnaire to gauge feedback on the 
project.  Questionnaires could be submitted during the POH or emailed/faxed/mailed to members of the Project 
Team by March 25, 2011. A sample Public Questionnaire is included in Appendix A. A single questionnaire was 
completed and returned to AECOM staff, requesting information on consideration of climate change in the preferred 
flood reduction projects.  A copy of the completed questionnaire and AECOM’s response letter are included in 
Appendix A. There were no major concerns raised by the open house attendees.   

3.3.3 Notice of Study Completion (Phase 2) 

Following Council adoption on March 12, 2012, a Notice of Study Completion was issued, providing the public and 
regulatory agencies with a 30-day public review period on this Report.  All parties previously notified thgouout 
Phases 1 and 2 of the Study have been notified by letter that the Class EA has been completed.  A sample of the 
letter is provided in Appendix A. 

A formal Notice of Completion of the Master Plan Report was also placed in the Peterborough This Week on 
April 4 and April 11, 2012 and the Peterborough Examiner on April 5, 2012 (A copy of the Notice is provided in 
Appendix A). The Notice announced that the Report has been field and copies made available for public review 
during which time comments will be received from interested parties, regulatory agencies and the public.  The Notice 
also indicated the public’s right to request a Part II Order within the 30-day review period. 

Concerns raised during the review period will be addressed by the City of Peterborough, with significant changes 
documented in an addendum for the Report, if required.  If concerns arise during the review period that cannot be 
resolved through discussion with the City of Peterborough, a request that the Minister of the Environment make an order 
for the project to comply with Part II of the Environmental Assessment Act can be made. This would then subject the 
project to an individual environmental assessment.  This request (commonly referred to as a Part II Order or “bump up” 
request) must be received within the 30-day calendar review period by the Minister at the address listed below: 
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The Honourable Jim Bradley 
Minister of the Environment 
77 Wellesley Street West 
11th Floor, Ferguson Block 
Toronto, ON 
M7A 2T5 

A copy of the request must also be sent to: 

Mr. Dan Ward 
Flood Reduction Program Manager 
City of Peterborough 
500 George Street North 
Peterborough, ON  K9H 3K9 
Tel.: 705-742-7777 ext. 1484 
Fax: 705-749-6687 
E-mail: dward@peterborough.ca 
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4. Phase 2 – Existing Drainage Conditions 
4.1 Input Data and Reference Information 

4.1.1 City of Peterborough GIS Data 

Key data for the assessment of existing drainage conditions was provided by the City of Peterborough in the form of 
GIS shapefiles.  Critical datasets included the storm sewer network (catchbasins, maintenance hole inverts and top 
of lid elevations, storm sewer shapes, sizes, invert elevations and flow connectivity), topographic mapping, property 
fabric, building outlines, and MPAC assessment values.  The datasets were reviewed and corrected where there 
were obvious errors with flow connectivity and invert elevation.  The storm sewer information was also revised for 
the recent reconstruction of Montgomery Street.  

4.1.2 Existing Stormwater Management Reports 

There are several stormwater management ponds in the study area, and future stormwater management ponds 
proposed for planned development.  Key reports include the following: 

 Draft Plan Stormwater Management Report, Hendricks Subdivision Residential Development, D.M. Wills 
Associates Limited, June 2010.  This report provides details for the existing stormwater management pond 
between Crystal Drive and Stewart Drive, adjacent Highway 7&115.   

 Major Bennett industrial Park Surface Water Management Plan, Otonabee Conservation, November 2001.  
This report provides details for the existing stormwater management pond on the north side of Fisher Drive, east 
of Airport Road.  

 Coldsprings Secondary Plan Final Functional Servicing Report, Municipal Servicing and Stormwater, 
D.M. Wills Associates Limited, May 2010. This report provides information on servicing, including stormwater, 
for a future development area east of the Otonabee River, south of Highway 7&115.   

 Preliminary Stormwater Management Report, Guthrie Drive Phase II Draft Plan, D.M. Wills Associates 
Limited, June 2010.  This report provides additional information on stormwater management for the northern 
portion of the Coldsprings Secondary Plan area.   

4.2 Modelling Approach and Methods 

Detailed information on the depth and extent of flooding through the study area for the July 2004 storm event is not 
available. It was therefore necessary to construct hydrologic and hydraulic models of the study area to predict the 
extent of flooding for a range of possible storm events.  Hydrologic models are used to calculate flow rates resulting 
from historic or synthetic storm events, and hydraulic models are used to apply the flow rates to piped and overland 
drainage systems to determine the depth and extent of flooding.   

Hydrologic and hydraulic modelling of the urbanized portions of the study area were completed using PCSWMM 
modelling software, Version 3.9.835 Professional. PCSWMM is capable of running a hydrologic analysis based on 
catchments and associated data, a minor (piped) system hydraulic analysis through input storm sewer data and 
major (overland) system hydraulics based on overland flow cross-sections. This version allows major and minor 
systems to be connected and modelled simultaneously. It also allows the minor system to spill to the major once at 
capacity and the major system to flow back into the minor when and where there is capacity available. Flow routing 
is computed within the model for the major and minor systems to produce peak flows for each section of the major 
and minor system. PCSWMM is a spatial decision support system for the U.S. Environmental Protection Agency 
(EPA) SWMM5 engine. It is the SWMM5 engine that completes all the hydrologic and hydraulic calculations, where 
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PCSWMM provides a user-friendly, GIS interactive interface. SWMM5 is a dynamic rainfall-runoff simulation model 
used for single event or continuous simulation of runoff quality and quantity. EPA SWMM was first developed in 
1971 and has undergone several major upgrades since then. It is very widely used throughout the stormwater 
modelling industry. 

A different modelling approach was used to calculate peak flow rates from the rural portions of the study area. The 
SWMHYMO model was used for this purpose.  SWMHYMO is a complex hydrologic model used for the simulation 
and management of stormwater runoff for small or large urban or rural areas. Catchment data is entered and 
resulting flows are added together and routed to determine peak flows at various points along the major flow path. 
SWMHYMO was used to complete the hydrology analysis for the rural areas of the study area. The first version, 
OTTHYMO, was developed in 1983 from a variety of contributors as an extension to the 1973 HYMO model 
developed by Williams and Hahn. The software has evolved over the years into the robust, widely-used program that 
it is today. 

The HEC-RAS hydraulic model (Version 3.1.1) was used to determine water surface elevations for both the urban 
(overland) and rural drainage systems within the study area.  HEC-RAS stands for Hydrologic Engineering Centres 
River Analysis System, and was created by the U.S. Army Corps of Engineers. The U.S. Army Corps of Engineers 
was created in 1964 and evolved from a small group of engineers passing on knowledge of hydrology and hydraulics 
to a larger group providing hydrology and hydraulic software. The software has gone through several versions to the 
latest version today, as well as several add-on applications, such as HEC-GeoRAS.  Flow paths, cross-sections and 
flow rates are entered into HEC-RAS to determine water surface elevations at each cross-section along the flow 
path for all storm events.  

HEC-GeoRAS, an extension of ArcMap GIS was used to assist in the set up of the HEC-RAS model and to interpret 
the results. Flow paths, cross-sections, bank stations and reach lengths were generated in a GIS model using a TIN 
file simulating the topography of the site. The generated data was exported to HEC-RAS where the model geometry 
was reviewed and additional details were added (i.e. levees, ineffective flow areas). Flows determined from the 
PCSWMM and SWMHYMO models were input into HEC-RAS and water surface elevations were output. This output 
data was then exported back to GIS and floodlines were mapped in plan view using the TIN file.  . 

4.3 Urban Drainage System Analyses 

The urban portions of the study area were modelled using PCSWMM, HEC-RAS and HEC-GeoRAS in GIS.  Runoff 
rates and volumes were determined for urban catchments, capture and conveyance of the minor drainage systems 
were modelled, and flows that were not contained within the minor system were modelled as overland flow. The 
sections below explain how the models were set up, how results were interpreted and how the existing floodlines 
and flood damage estimates were generated. 

4.3.1 Model Development 

Drainage catchment areas were delineated within the study area to nodes at manhole locations. Hydrologic 
characteristics were determined for each catchment area using contour data, aerial photos and soils information. 
Catchment area, flow length, percent impervious, slope, depression storage, roughness values and infiltration 
parameters for each catchment were input into the model. The minor drainage systems, consisting of catchbasins, 
storm sewers and manholes were input into the model and then linked to the catchments by means of inlet nodes 
along the minor system. The storm sewers and manholes were verified to confirm that input data was referenced 
correctly. Some adjustments were made to diameters and inverts to better reflect actual existing conditions. The 
minor system path was then initially copied to represent the major (overland) flow path. The major system path was 
then altered where the major system (overland) flow route differed from the minor (pipe) system. Each section of the 
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major system was investigated to determine the type of cross-section. Most overland flow paths were along streets 
with curb and gutter. Some were along streets without curb or streets with curb with very flat boulevards. A few 
sections were through parks, ditches and other irregular areas. Eleven different typical cross-sections were 
developed to represent the topography of the area and input into the model. For each overland flow segment in the 
PC-SWMM model a typical cross-section was chosen. The major and minor systems were connected at each 
manhole location by means of an outlet conduit. A typical capture rating curve was set for all outlets to represent the 
capture of two standard catchbasins based on depth of ponding and inflow.  

4.3.2 Model Calibration 

Since some catchment characteristics were estimated it was necessary to calibrate the model to maximize the 
accuracy of the model. Model calibration requires observed flow and rainfall data.  

A streamflow monitor was installed inside the concrete box storm sewer under Park Street, just upstream from the 
outfall to the Otonabee River.  This sewer was selected for monitoring because it is the largest sewer and services 
the largest drainage area within the project limits.  The monitor was installed on August 25, 2010 and water level, 
velocity and flow rate were logged at 5 minute intervals until December 3, 2010.  Precipitation data for the same 
period was obtained from the City of Peterborough gauge at the wastewater treatment plant, located on the east side 
of the Otonabee River opposite the Park Street storm sewer outfall.  

The streamflow and rainfall data were screened to isolate the largest storm events during the monitoring period.  
Summary statistics from the 5 events selected for calibration are presented in Table 4.1.   

Table 4.1  Calibration Event Data  

Date Total Rainfall Depth 
(mm) 

Peak Rainfall 
Intensity (mm/hr) 

Peak Flow Rate 
(m3/s) 

Total Hydrograph 
Volume (m3) 

September 16, 2010 15.2 18.0 0.584 4,373 

September 22, 2010 15.0 48.0 0.534 3,764

October 14, 2010 19.8 6.0 0.271 5,591 

November 17, 2010 23.4 6.0 0.431 5,018 

December 1, 2010 41.6 12.0 0.386 10,011 

The rainfall and flow data were formatted and input to the PC-SWMM model, and the PC-SWMM model output was 
compared against the observed data within the PC-SWMM environment.  The resulting hydrographs were similar but 
not identical. Several small adjustments were made to the model to obtain a better correlation between the 
observed and simulated flow data. After several iterations the optimal calibration was obtained by making the 
following adjustments to the original model input data: 

 Adjust percent impervious to 80% of the original estimate 
 Adjust impervious area Manning’s roughness coefficient to 0.010 

After calibration the model results are very close to the monitored results, but are still slightly higher representing a 
slightly conservative modelling approach.  Below are two figures showing the un-calibrated model results compared 
to the calibrated results for a storm that took place on September 16th, 2010. Calibration plots for all storm events 
listed in Table 4.1 are included in Appendix B. 
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Figure 4.1 Un-calibrated Model Results 

Figure 4.2 Calibrated Model Results 
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4.3.3 Model Results 

Following calibration of the PC-SWMM model, a number of different standard storm events were simulated in the 
model. The most relevant storms are the 2-year, 5-year, 10-year, 25-year, 50-year and 100-year storm events.  A 
one-hour AES rainfall distribution was applied to the storm data to generate the input rainfall data.  The AES storm 
distributions are considered the most appropriate for Southern Ontario, and the 1 hour duration was selected over 
longer durations due to the rapid hydrologic response from the relatively small and intensely developed urban 
catchments within the study area.   

The model results indicate that the 100-year event would result in the risk of inundation and flood damages to 443 
properties within the study area. There are few critical ‘bottlenecks’ in the system that are responsible for significant 
flood damages.  Rather, there is widespread flooding through the study area due to numerous, similarly widespread 
deficiencies in the minor and major drainage systems.  Common causes of flooding include undersized storm 
sewers, undefined overland flow routes or inadequate overland flow routes, very flat topography, and in some cases 
the rail lines through the area act as berms backing up major flows. The causes are explained further for specific 
areas in the following sections. The storm sewer capacities have been included on the drawings to show if they have 
adequate capacity (green), are slightly undersized (yellow), or very undersized (red). 

4.3.3.1 Sir Sandford Fleming Drive Area 

As indicated by the coloured storm sewers on Figure 4.3, the minor system has adequate capacity in this area. The 
only flooding impacts in this area occur along Wilfred Street. The overland flow route conveying major flow north on 
Wilfred Drive does not have capacity to contain the flow in large storm events, resulting in major runoff spilling to 
private property. 

Figure 4.3 also shows flooding of some buildings south of Sir Sandford Fleming Drive.  However, the topographic 
mapping for this area was generated from aerial photography taken during construction of the area. The floodlines 
are therefore not considered accurate.  This area was reviewed in further detail, using information from site visits 
and from the Major Bennett Park Surface Water Management Plan (Otonabee Conservation, 2001), and it was 
concluded that there is no risk of flooding in this area during a 100 year storm.   
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Figure 4.3 Existing Flooding – Sir Sandford Fleming Drive Area 
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4.3.3.2 North of Little Lake 

As seen in Figure 4.4, there are some undersized storm sewers in this area. This could be causing some of the 
flooding problems.  In some cases there are flooding issues along sections of storm sewer that have adequate 
capacity for the minor (5 year) event. This indicates that the major system flow route does not have capacity for the 
100-year event, or that there are depressions in the local topography that will flood existing buildings before they are 
filled and spill to the major flow system.   

Figure 4.4 Existing Flooding – North of Little Lake 

RPT2-060164148-Final Unnamed Tribs Environmental Study Report - 2012 03 26.Docx 19 



   

 

   

 

 

 

  

 

AECOM City of Peterborough Un-named City Tributaries Flood Reduction Study 
Master Plan 

4.3.3.3 West of Otonabee River 1 

On the west side of the Otonabee River north of Highway 7 & 115, there are several streets that would experience 
flooding during a large storm event.  Part of the reason is the undersized storm sewers as indicated by the red and 
yellow pipes in Figure 4.5, and the other reason is the very flat topography of the area. Roadway runoff does not 
travel very fast since the slopes of the roads are very low to flat in many areas. Major runoff ends up ponding on the 
streets and spilling to private property. Riverside Drive and St. Catherine Street do not have standard urban cross-
section with curb and gutter and so there is no curb to contain major flow. Private property south of McKellar Street 
just east of Monaghan Road is lower than the adjacent roadways and so overland flow spills to the low point. 

Figure 4.5 Existing Flooding – West of Otonabee River 1 
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4.3.3.4 West of Otonabee River 2 

The key causes of flooding in this area, generally west of Park Street and north of Lansdowne Street, are the flat 
grades and areas where private property is lower than the roadways resulting in flooding.  Chamberlain Street west 
of High Street is at risk of flooding due to the existing grades south of the street. Romaine Street between High 
Street and Monaghan Road has a low point with the rail line at the east being a high point, and therefore major 
system flow spills to private property. Flooding is also experienced along Chamberlain Street east of Monaghan 
Road and south of Parnell Street. The two rail lines that intersect this drainage area cause some overland flow 
issues. 

Figure 4.6 Existing Flooding – West of Otonabee River 2 
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4.3.3.5 West of Otonabee River 3 

The key causes of flooding in the study area between Park Street and the Otonabee River are undersized storm 
sewers combined with flat topography.  The area around Braidwood Avenue and Young Street is very flat with most 
storm sewer sections undersized.  This results in flooding of the adjacent residences.  A low point on Princess Street 
east of Lock Street has no overland flow route resulting in flooding on private property.  The rail line near Little Lake 
causes an impediment to the overland flow in the area by preventing major runoff from reaching the Otonabee River. 

Figure 4.7 Existing Flooding – West of Otonabee River 3 
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4.3.3.6 East of Otonabee River 

As seen by the many green pipes in Figure 4.8, the minor system has adequate capacity and so most of the flooding 
issues in this area are caused by inadequate overland capacity.  Southpark Drive is not able to contain flow due to 
the lack of curb along the roadway.  There is also some flooding along Riverview Heights due to the inadequate 
capacity of the overland flow route. Barker Avenue also cannot contain the overland flow resulting in flooding. There 
is some flooding at the corner of Southlawn Drive and Saugeen Crescent and along Stewart Drive.  

Figure 4.8 Existing Flooding – East of Otonabee River 
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Figure 4.8 also shows some flooding near Trailview Drive and Sabatino Court.  However, the topographic mapping 
for this area was generated from aerial photography taken when the area was under construction.  A further review 
of plans for this area concluded that there is no risk of flooding in this area during the 100 year storm. 

4.3.4 Flood Damages 

Damages to buildings impacted by surface flooding are difficult to estimate.  The Ontario Ministry of Natural 
Resources (MNR) and other agencies have developed tables and curves to correlate flood depth against a structure 
to flood damages.  However, there are many factors influencing potential flood damages other than depth against a 
structure.  The height of basement windows or other building openings above existing grades varies by structure, 
and therefore depth is not directly related to flooding.  Furthermore, an unfinished masonry basement will suffer 
significantly less damage than a finished basement being used as a living space. 

The difficulties in estimating flood damages were identified during the City-Wide Flood Reduction Master Plan 
(AECOM, 2005).  At that time, it was agreed that to provide consistency between the various studies being 
undertaken for the City, flood damages would be taken as 30% of the value of the buildings within flood lines, 
regardless of flood depth, velocity and duration.  This approach provides consistency between the various studies 
the City has undertaken, (to allow setting of City wide priorities), and allows relatively simple updating of the damage 
figures, and avoids the house by house inspection that would be required to fully utilize a depth/damage approach.  
The assessed values of the impacted properties through the study area were based on the 2011 property 
assessments completed by the Municipal Property Assessment Corporation (MPAC), which were provided by the 
City of Peterborough.   

Flood inundation mapping was prepared and corresponding flood damage estimates were calculated for the 2, 5, 10, 
25, 50 and 100 year return period storm events.  In a 100-year event the total estimated flood damage would be $30 
Million. Average annualized flood damages were then calculated as the product of risk of flooding and 
corresponding flood damages, using the equation below.  This is consistent with the other watershed flood reduction 
studies prepared for the City.  

 0.50  ∗   0.30 ∗   
0.10 ∗   

0.06 ∗  +0.02 ∗  
0.01 ∗  

  

Where  DTOT  Average annualized flood damages, and;
DN  Flood damages associated with N‐year return period event 

The average annualized damages from flooding in the urban drainage study area was determined to be 
$15.2 Million.  Damage estimates for each storm event are included in Appendix D.  

4.4 Rural Drainage System Analyses 

There are three rural drainage systems in the study area that required an alternate approach to generate accurate 
flood plain mapping for all storm events.  The first system is a watercourse in the northern portion of the study area, 
flowing in a south-westerly direction near Trent University and discharging to the head pond for the Trent Canal.  
The second system is an open channel flowing southward from Highway 7&115 west of Pido Road and the third is 
an open channel flowing eastward adjacent Sir Sandford Fleming Drive and crossing under the highway.  It was 
determined that flow rates and flood levels for these open systems are better calculated using traditional hydrologic 
and hydraulic models.  
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4.4.1 Model Development 

The SWMHYMO and Visual OTTHYMO computer models were selected to generate the peak flow estimates for the 
rural drainage systems.  To calculate peak flow rates, the models require physical characteristics of the watershed 
and details of the rainfall events to be simulated.  Soil conditions through the watershed were obtained from 
agricultural soils mapping, and were augmented with information from the City Wide Soil and Groundwater 
Investigation and Monitoring Project (Geo-Logic, 2007).  The predominant soil throughout the study area is 
Otonabee Loam, which is classified as a Type ‘B’ soil under the U.S. Department of Agriculture Soil Conservation 
Service hydrologic soil grouping.  Land use and land cover for the catchment areas were obtained from the City of 
Peterborough Official Plan, aerial photography and field visits.  The area draining to the northern watercourse is 
largely rural, consisting of agricultural fields, wetlands and forest.  The majority of the drainage areas to the southern 
two systems have been urbanized.   

Slightly different approaches were used to generate peak flow estimates for the three systems.  For the northern 
system, drainage areas were delineated, catchment characteristics were calculated and the SWMHYMO model was 
set up using the NASHYD command, which is best suited for rural catchments.   

Peak flows for the watercourse near Sir Sandford Fleming Drive were also calculated using the SWMHYMO model.  
However, a portion of the area draining to this system was also modelled in PCSWMM as part of the urban drainage 
analysis.  Catchment areas and catchment characteristics calculated for the urban drainage analysis were used to 
generate the input parameters for the STANDHYD command in SWMHYMO.  STANDYD commands were also 
developed for the industrial area south of Sir Sandford Fleming Drive draining to this system (not included in the 
urban drainage analyses), and NASHYD commands were developed for the rural areas north of Sir Sandford 
Fleming and east of Highway 7&115.   

The majority of the drainage to the channel south of Highway 7&115 and west of Pido Road is generated from a 
residential area north of the highway.  A dry ‘surge’ pond exists within the residential development to temporarily 
store runoff in excess of the storm sewer capacity during large storm events.  A detailed Visual OTTHYMO model of 
the catchment area north of the highway, including the surge pond, was prepared in support of a planned infill 
development within the catchment (Hendricks Subdivision, DM Wills, June 2010).  This model was reviewed and 
considered sufficiently accurate for this study. The Visual OTTHYMO model was expanded to include the Highway 
7&115 right-of-way and the Neal Drive industrial area south of the highway.  

The SWMHYMO and Visual OTTHYMO models were not calibrated.  They were set up using standard methods for 
the calculation of model input parameters in southern Ontario.  This approach was used by AECOM for the Jackson 
Creek and Curtis Creek flood reduction studies in the City of Peterborough, and found to slightly to moderately over-
predict observed flow rates.  Given the limited drainage areas and limited infrastructure at risk of flooding on these 
systems, it was concluded that flow monitoring and model calibration was not warranted.   

The hydrologic models also require precipitation input.  All three systems were simulated using 1 hour and 12 hour 
AES design storm distributions for the 2 year through 100 year storms.  The storms were generated using rainfall 
statistics from the AES gauge at the Peterborough Airport.  The largest peak flow from the 1 hour and 12 hour 
distribution was selected for each return period.  In addition, the Timmins Regional storm was simulated in the 
models.  The MNR Technical Guide – River & Stream Systems: Flooding Hazard Limit (2002) requires that this 
historical storm be used to represent the largest storm that could potentially re-occur over the City of Peterborough.   

Calculations for model input parameter and the resulting model input and output files are included in Appendix C. 
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The resulting peak flow rates were applied to HEC-GeoRAS hydraulic models that were developed for each of the 
three systems.  Valley cross sections were generated automatically in HEC-GeoRAS at regular intervals and at key 
changes in valley shape (including road and rail crossings).  Culvert sizes and invert and obvert elevations were 
surveyed by AECOM staff on December 9, 2010, and this information was used to represent the road and rail 
culverts in the hydraulic models.   

4.4.2 Model Results 

The resulting floodlines and flood damages for the three different open drainage systems are presented and 
described below. 

4.4.2.1 Trent University Tributary 

The flood plain for the Trent University tributary associated with the Timmins storm event is presented in Figure 4.9.  
The peak flow rates from the Timmins storm are larger than the 100 year storm for this system.  As expected, there 
are no buildings at risk of flooding during the Timmins storm.   

Figure 4.9 Trent University Tributary 

Timmins Storm Floodlines 
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The only infrastructure at risk of flooding during severe storm events are the three road crossings in the study area.  
Ninth Line is not predicted to be overtopped until the Timmins storm event.  Pioneer Road is predicted to be 
overtopped during a 25 year storm, but the maximum flow depth over the road is expected to be only 10 cm during 
the 100 year storm.  It is interesting to note that the culvert under Pioneer Road is much smaller than the culvert 
further upstream at Ninth Line.  Finally, University Road is predicted to be overtopped during the 50 year storm, with 
a maximum depth of 6 cm over the road during the 100 year storm.  All roads would be passable by automobiles 
during 100 year storm.   

No works are recommended to mitigate flooding and potential flood damages in this system.  However, it is 
recommended that the culverts be re-evaluated and considered for replacement with larger pipes during any future 
road rehabilitation projects.  

4.4.2.2 Sir Sandford Fleming Drive Tributary 

For the Sir Sandford Fleming Drive system, the 100 year storm generates slightly higher peak flow rates than the 
Timmins storm.  The 100 year flood plain is shown on Figure 4.10.   

A single structure is at risk of flooding from this system.  The building is located near the south-east corner of the 
intersection of Fisher Drive and Sir Sandford Fleming Drive.  The ground at the north-east corner of the building is at 
or below an elevation of 193 m.  This is less than 1 m above the channel invert at Fisher Drive, and less than 1.5 m 
above the channel invert at The Parkway.  

Several of the roads crossing this tributary are predicted to be overtopped on a relatively frequent basis.  The 
Parkway is expected to be overtopped during a 2 year storm, and the highway immediately to the east is expected to 
be flooded during a 10 year storm, with flows in excess of the culvert capacity spilling through the openings under 
the highway for the Parkway off-ramp and Sir Sandford Fleming on-ramp.  The maximum depth of water on the 
Parkway would be 20 cm in the 100 year storm, and the maximum depth of flow on the highway ramps would be 
24 cm during the 100 year storm.   

The culvert under Sir Sandford Fleming Drive just west of Fisher Drive is also undersized.  The hydraulics in this 
area are complicated, as water on the upstream side of the culvert will spill eastward over Crawford Drive, which is 
at a lower elevation than Sir Sandford Drive at the intersection.  Crawford Drive is predicted to be overtopped during 
a 2 year storm, but the maximum depth of flow over Crawford Drive during a 100 year storm would be only 11 cm.  
The flows spilling across Crawford Drive will flow eastward along the north side of Sir Sanford Fleming Drive to a 
culvert under the Parkway just north of the intersection with Sir Sandford Fleming Drive.  This system continues to 
flow in an easterly direction to a culvert under Highway 7&115 approximately 150 m east of The Parkway.  The 
culvert outlets to the large wetland south and east of the highway where the spill flow rejoins the flow from the main 
channel.  Given the limited spill volumes, the considerable storage capacity in the wetlands east and west of the 
Parkway and the size of the culvert under Highway 7&115, no flood damages are anticipated along the potential spill 
route from Crawford Drive. 

Neither Fisher Drive nor the rail culvert north (upstream) of Sir Sandford Fleming Drive would be overtopped during 
a 100 year storm.   
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Figure 4.10 Sir Sandford Fleming Drive Tributary 

4.4.2.3 Neal Drive Tributary 

The flow rates from the Timmins storm are slightly higher than those from the 100 year storm in this system.  The 
flood plain associated with the Timmins storm is presented in Figure 4.11.   

No buildings are at risk of flooding in this system for the Timmins storm.  The rail culvert at the south end of the 
study area is predicted to be overtopped during a 2 year storm.  This is expected, as the water level was only a few 
centimetres below the base of rail during a site inspection in December 2010. 

Neal Drive is predicted to be overtopped by a 50 year storm, with a maximum depth of 7 cm over the road during a 
100 year storm.  Highway 7&115 is not expected to be flooding during a 100 year storm. 

It should be noted that the twin culverts under Neal Drive are at least ¾ full of sediment.  The HEC-RAS hydraulic 
model used to generate the flood levels for this system reflects this significant sediment accumulation.    
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Figure 4.11 Neal Drive Tributary 

4.4.3 Flood Damages 

The only building predicted to be impacted by flooding from the open channel systems through the study area is the 
industrial building at the south-east corner of Fisher Drive and Sir Sandford Fleming Drive.  

Average annualized damages from the rural drainage systems were calculated using the same approach for the 
urban drainage systems, described in Section 4.3.4. The average annualized damage associated with the 
potentially impacted building is $0.7 Million   
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5. Phase 2 – Existing Environment 
An inventory of the natural, social and cultural environments in the study area was completed in order to 
comprehensively assess the potential impacts of various alternatives to mitigate flooding and flood damages.  The 
following sections summarize the key environmental features found in the study area.  Additional information can be 
found in the Existing Natural Heritage Features Report, included as Appendix E. 

5.1 Natural Environment 

5.1.1 Physiography and Topography 

Local geology within the study area is characterized by limestone bedrock with areas of deep overburden and 
various depth of overburden (glacial till deposits) (Trent Conservation Coalition Source Protection Region 
Assessment Report (TCCSPAR), 2011).  Glacial activity has created a variety of overburden physiographic features 
including drumlins, eskers, and limestone plains (TCCSPAR, 2011).  The largest physiographic feature in this 
watershed is the Peterborough Drumlin Field, which lies south of Dummer Moraine and north of Oak Ridges Moraine 
(ORCA, 2009).  The Peterborough Drumlin Field is comprised of thousands of drumlins that are closely spaced 
(approximately 6 – 8 km2), and are separated by low-lying, poorly drained, or swampy areas (TCCSPAR, 2011).  
The City of Peterborough was originally built on seven drumlins and therefore named the “City of Seven Hills”, 
however, the city has since grown and now stretches over numerous surrounding drumlins (TCCSPAR, 2011). 
Overall, due to the presence of the Drumlin Field topography, the study area can be described as undulating. 

5.1.2 Soils and Groundwater 

Information on soils and groundwater through the study area is available from a variety of sources.  The most 
relevant source is the City Of Peterborough City Wide Soil and Groundwater Investigation and Monitoring Project 
(Geo-Logic, November 2007).  This project was primarily commissioned to identify areas within the City with high 
potential for groundwater inflow to sanitary sewers, but provides a good overview of soils and groundwater through 
the City. 

There are two predominant soil types in the study area.  The first is a dense to very dense sandy-silt glacial till, found 
in most of the higher ground in the study area.  The permeability of the glacial till was found to range from 10-5 cm/s 
to 10-7 cm/s. This generally corresponds to Otonabee Loam from the Ontario Soil Survey (Gillespie & Acton, 1981) 
for the area.  Otonabee Loam is the predominant soil through much of the area in and surrounding the City.  

The second soil is a fine brown sand, typically found in the lower portions of the study area adjacent the Otonabee 
River. The Geo-Logic study calculated a permeability of 10-2 cm/s to 10-4 cm/s for the sandy soil.  This soil generally 
corresponds with the Foxboro Loam, Trent Fine Sandy Loam and Granby Sandy Loam that appear on the Ontario 
Soil Survey. 

The City Wide Soil and Groundwater Investigation and Monitoring Project also measured groundwater levels at 
various locations through the City over a 52 week period.  Groundwater levels through the study area range from 
very close to the ground surface to 3.5 m below ground surface.  The direction of groundwater flow is generally 
toward the Otonabee River.  The sandy soils within the study area generally act as an unconfined aquifer, whereas 
the glacial till generally restrict groundwater flow.   

A number of previous studies have found that soil and groundwater in the vicinity of Simcoe Street immediately west 
of the Otonabee River have been contaminated from a former coal gas manufacturing plant that was located at 50-
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84 Simcoe Street. The plant operated from the mid 1880’s until the mid 1950’s.  Investigations into coal tar 
contamination have been on-going since the late 1980’s.  Seepage of hydrocarbons into the Otonabee River was 
observed in 2009 when river levels were dropped during repairs at Lock 19.  (Dillon, 2010).  The City has recently 
initiated a study to develop a Risk Assessment and Remedial Action Plan for the coal tar contamination.   

5.1.3 Fish and Fish Habitat 

The open watercourses through the study area consist of the Otonabee River as well as several small natural and 
modified channels leading to the Otonabee River.  Information on fish species in the Otonabee River was obtained 
from the ORCA. It is classified as a warm water system, but the species present suggest that the River provides 
mixed warm water to cool water fish habitat.  The Greater Redhorse (Moxostoma valenciennesi) has been identified 
as present in the Otonabee River.  This species is considered provincially vulnerable by the MNR Natural Heritage 
Information Centre.   

The smaller open drainage courses through the study area were inspected by AECOM fisheries biologists on 
November 11, 2010.  All of these tributaries, identified on Figure 5.1, are expected to directly or indirectly support 
fish habitat. Additional field investigations (identification of spawning and overwintering habitat features, electro-
fishing, etc) would be needed to confirm the classification of the tributaries.  While all of these systems are 
potentially protected under the Fisheries Act, they are all considered to be of low sensitivity. 

5.1.4 Vegetation and Vegetation Communities 

The majority of the study area is urbanized, with vegetation limited to street trees and manicured public parks.  
Several large woodlots were identified in the northern portion of the study area, surrounding Trent University.  
Several wooded areas were also identified near the southern border of the City.  It is likely that some of the 
woodland features within the study area could be considered significant and warrant protection.  The identified 
woodlots through the study area are illustrated in Figure 5.1.   

5.1.5 Wetlands 

There are two significant wetlands in the study area.  The Yankee Bonnett and Cold Springs (provincially significant) 
wetland and the Peterborough Airport (provincially significant) wetlands are located south and east of Highway 7/115 
and straddle the southern limit of the City.  A small portion of the Harper Creek (locally significant) wetland is located 
within the study area, located north of Sir Sandford Fleming Drive and west of The Parkway.  The wetlands through 
the study area are shown on Figure 5.1. 

5.1.6 Wildlife 

Resident mammal wildlife within the study area predominantly consist of a species composition common to urban 
disturbed environments and are therefore able to adapt to influences from anthropogenic activities.  

Given that the study area surrounds the Otonabee River, it is important to note that the River is home to many 
ducks, geese and several different species of water fowl.  The Ontario Breeding Bird Atlas (OBBA) has recorded one 
hundred and ninety five (195) species of breeding birds within the Peterborough Region.  Not all species are 
expected to be present within the study area; those that are would likely be limited to naturalized areas. Several 
reptile and amphibian species are also expected to utilize aquatic habitat within the study area, some of which 
include species at risk and are discussed further in the next section. 
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The Significant Wildlife Habitat Technical Guideline also provides technical guidance on determining significant 
wildlife habitat in Ontario. It was developed to support the Natural Heritage Reference Manual and is a more detailed 
technical manual that provides information on the identification, description and prioritisation of significant wildlife 
habitat. 

5.1.7 Species at Risk 

Several species at risk (SAR) were identified as being present or potentially present within the study area.  They 
include vegetation, reptile, bird, and fish species. No mammal SAR species were identified within the study area. 

5.1.7.1 Vegetation 

NHIC database search and MNR consultation have identified the presence of Butternut (Juglans cinerea) within the 
City of Peterborough.  The specific locations of the specimens are unknown. The Butternut is listed as Endangered 
in Canada by COSEWIC (Committee on the Status of Endangered Wildlife in Canada), and as Endangered in 
Ontario by COSSARO (Committee on the Status of Species at Risk in Ontario) and afforded protection under the 
Ontario’s Endangered Species Act (2007). 

5.1.7.2 Reptiles 

A total of six SAR reptiles were identified by MNR as historically present within the City of Peterborough.  The 
specific locations of the specimens are unknown.  Species include the Snapping turtle (Chelydra serpentine), 
Spotted turtle (Clemmys guttata), Blanding’s turtle (Emydoidea blandingii), Northern Map turtle (Graptemys 
geographica), five-lined skink (Eumeces fasciatus) and the Milk snake (Lampropeltis triangulum). The spotted turtle 
is listed as Endangered in Canada by COSEWIC and as Endangered in Ontario by COSSARO and afforded 
protection under Ontario’s Endangered Species Act (2007).  The Blanding’s turtle is listed as Threatened in Canada 
by COSEWIC and as Threatened in Ontario by COSSARO.  The snapping and northern map turtles are considered 
species of special concern by COSEWIC and COSSARO.  All species are considered as provincially vulnerable (S3 
rank) by MNR.  

5.1.7.3 Avifauna 

A total of sixteen breeding bird species within the City of Peterborough were identified as SAR.  Two of these 
species are Endangered provincially and federally (COSEWIC and COSSARO) and include the Loggerhead Shrike 
(Lanius ludovicianus) and the Acadian Flycatcher (Empidonax virescens) are afforded protection under Ontario’s 
Endangered Species Act (2007).  Nine of the sixteen species are considered Threatened with the remainder 
identified as species of concern.   

Although these species have been identified within the City of Peterborough, preferred habitat of these species is 
likely limited and would require site species surveys to determine presence within the locations of the preferred flood 
reduction strategies.  

5.1.7.4 Fish 

Historical fish collection records provided from OCRA indicate the presence of the Greater Redhorse (Moxostoma 
valenciennesi) within the Otonabee River.  The Greater Redhorse is identified by the MNR as being provincially 
vulnerable (ORCA, 2008).  No SAR mussel species were identified within study area. 
. 
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Figure 5.1 Natural Environment Features 
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5.1.8 Environmentally Sensitive Areas 

No areas of natural and scientific interest (ANSI) or environmentally sensitive area’s (ESA) are known to be present 
within the study area 

5.2 Socio-Economic Environment 

The study area lies almost entirely within the City of Peterborough.  The exceptions are a small area in the Township 
of Duoro-Dummer that drains into the open watercourses in the north-east corner of the study area, and a small area 
in the Township of Cavan-Monaghan that drains into the tributary that flows south along Airport Road.  

Land uses through the study area are dictated by the City of Peterborough Official Plan (2009).  A copy of the 
Official Plan schedule showing the intended land use through the City of Peterborough is included as Figure 5.2.  
The majority of the study area is residential, with commercial use in the area west and north of Little Lake and 
industrial use in the south-west and south-east corners of the study area.  Notable exceptions are the large 
institutional areas in the north-east (Trent University) and south-west (Sir Sandford Fleming College) corners of the 
study area.  The majority of the land south of Highway 7&115 and west of Bensfort Road is rural and agricultural.   

There are several areas in the study area that are planned for future development and re-development, and plans 
have been prepared to guide the development of these areas.  The Lansdowne West Secondary Plan proposes 
industrial development in the area north of Sir Sandford Fleming Drive between the railway and The Parkway, and 
future build-out of the industrial area south of Sir Sandford Fleming Drive is outlined in the Major Bennett Secondary 
Plan. The Coldsprings Secondary Plan contemplates development of a large existing rural area south of Highway 
7&115 and east of the Otonabee River. 

Re-development of the portions of the study area west and north of Little Lake are proposed in the Little Lake Master 
Plan and Central Area Master Plan, which provide recommendations for restoration and revitalization of these areas. 

5.3 Cultural Heritage 

Approximately 114 sites within the County of Peterborough are registered with the Ministry of Culture. These 
registered sites suggest that humans have occupied the area since the early Archaic and late Paleo-Indian period 
dating back 10,000 years (Horne, pers. Comm., 1998).  Soldiers who accompanied the French explorer, Samuel de 
Champlain, were believed to be the first Europeans to enter the Peterborough region in 1615.  They traveled with a 
tribe of the Lake Ontario Iroquois peoples known as the war party of Huron, to reach the Onondaga of the Five 
Nations Iroquois to the south of Lake Ontario.  Their route followed a chain of lakes and rivers linking Georgian Bay 
and the Bay of Quinte. 

During the eighteenth century, Europeans infrequently traveled on routes along the Kawartha Lakes and Trent River.  
This area was mainly occupied by Aboriginal peoples and their travels.  By 1798, the province of Upper Canada 
introduced the Newcastle District which encompassed the entire Peterborough region.  The pressure of further 
immigration introduced new settlers into this region from Lake Ontario’s north shore.  Settlers traveled northerly from 
Lake Ontario following major water routes, such as the Trent and Otonabee Rivers.    

The Peterborough area experienced a period of agricultural settlement between 1818 and 1850.  During this time, 
immigrants from Ireland (circa 1825) and Britain (circa 1831) came to settle in the Peterborough area.  
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Rivers and lakes in the Peterborough area changed substantially with the introduction of canal locks and dams as a 
result of economic development during the mid and late 19th Century.  Towns and villages throughout the 
Peterborough area were influenced by lumbering activity, such as that produced from processing mills and 
transportation facilities.  Lumbering activity in the Peterborough area thrived from the 1850’s until the introduction of 
stream-driven mills and the Lindsay-Toronto railway line in the mid-1960’s.   

While there is considerable cultural heritage throughout the City of Peterborough, the majority of the study area has 
been disturbed through past development.  There is a very low probability of encountering archaeological artifacts 
during implementation of any flood reduction projects.  Furthermore, the potential alternative flood reduction options 
(described in Section 6) will generally only disturb the existing road right-of-ways and previously disturbed 
commercial and residential lots.  No heritage buildings are expected to be impacted by any flood reduction projects.  
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6. Phase 2 – Alternative Solutions 
In very simplistic terms, flooding occurs when the runoff generated by a rainfall event exceeds the capacity of the 
drainage conveyance system, and flood damages result when flood levels reach and enter structures.  Considering 
the above, there are three primary solutions available to mitigate flood damages.   

The first would be to decrease the volume and rate of runoff generated by a storm event.  This is accomplished 
through increasing the fraction of rainfall that is infiltrated into the ground, or capturing and retaining rain.  Runoff 
reduction applications include cisterns to capture rainfall for irrigation or re-use in non-potable plumbing (greywater) 
systems, disconnecting downspouts that are currently directly connected to the sewer system, permeable pavement, 
and green roofs.  On a larger scale, storage tanks and stormwater management ponds are very effective in reducing 
peak flow rates. 

Where runoff cannot be sufficiently reduced, the second option would be to increase the capacity of the drainage 
conveyance systems.  The capacity of the minor (piped) drainage system could be increased by adding catchbasins 
to capture more of the runoff into the storm sewers, replacing existing storm sewers with larger pipes, or installing 
additional storm sewers.  The capacity of the major (overland) drainage system could be increased by re-
constructing a roadway to increase the depth of flow that could be conveyed within the right-of-way (such as 
installing curbs and gutters on a roadway without curbs or ditches), re-constructing overland flow routes to have a 
larger cross sectional flow area or smoother surface, constructing new overland flow routes or redirecting overland 
flow to a different street or easement that has sufficient capacity. 

In the event that the capacity of the drainage systems cannot be increased sufficient to contain flooding, the final 
alternative under consideration is to prevent water from entering a building.  This can be accomplished by re-grading 
or berming around the building to a higher elevation than the anticipated flood levels, or installing watertight doors 
and windows at all openings below the anticipated flood level.   

Each flooding location through the study area was reviewed to determine which of the above general alternatives 
could be feasible to reduce flood damages.  Potential alternative solutions were then refined to develop a short list of 
site specific alternative flood reduction projects.   

6.1 Evaluation Criteria 

The alternative flood reduction projects for each flooding location through the study area were evaluated against a 
range of standard environmental assessment criteria.  The criteria are listed and defined in Table 6.1 below.  
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Table 6.1 Alternative Evaluation Criteria 

Criterion

Cost  

Natural Environment 

Engineering Challenges

Social Disruption 

Description

The costs to design, construct and maintain an alternative, relative to other alternatives.  The cost 
criterion also considers the potential reduction in average annualized flood damages.   

All aspects of the natural environment were analysed against the possible alternatives to determine 
impacts.  
- Fish habitat – potential short term (sediment and erosion during construction) and long term 

(change in flow regime or temperature, loss of stream length, riparian cover or substrate)  
- Wetlands – direct loss of wetland area, change in flow inputs to wetlands 
- Woodlots – loss of forest cover  
Any  works completed within the road right-of-way were considered to have minimal impacts. 

This criterion takes into consideration the challenges associated with the proposed design of the 
alternative. Certain constraints relative to the site may render an alternative difficult to implement or 
even impossible. Some common constraints are; 
- Space: in the case of underground storage units, space clear of other utilities within the right-of-

way is difficult to find 
  

- Topography: for the alternative of re-grading an overland flow route to convey major flow, a drop 
in elevation is necessary to create a slope – in flat areas this can be very challenging  

- Access: for any  works that are proposed for private property such as source controls, the City  will 
not have access to the site for implementation or maintenance. The onus would be on the 
landowner  

This criterion takes the public’s inconvenience into consideration. For the “Do nothing” option, several  
buildings would continue to be flooded during large storms resulting in disruption to the residences and 
business owners. Certain construction projects may cause short term  disruption associated with noise, 
dust, road closures, etc. 

6.2 Alternative Evaluation 

As described in Section 4, the majority of the flooding through the study area is associated with local drainage 
constraints, such as insufficient catchbasins, undersized storm sewers and/or inadequate overland flow routes.  It is 
therefore expected that potential alternative solutions to mitigate flooding will include localized infrastructure 
improvements, such as additional catchbasins, larger storm sewers and/or reconstruction of overland flow routes.  
To better identify and evaluate alternative solutions, the study area was broken down into a number of smaller study 
sub-areas.  The study sub-areas were typically defined as areas draining to a common storm sewer system.  
Several sub-areas were delineated for large storm sewer systems, such as the system draining to the Park Street 
outlet to the Otonabee River.   

For each location of flooding four steps were taken to determine the optimal solution. The first was to identify the key 
causes of flooding to better determine potential solutions.  Each area of flooding may have several potential feasible 
alternative solutions.  The second step was to evaluate the different proposed alternatives against four criteria; Cost, 
Natural Environment, Engineering Challenges and Social Impacts. Each criterion was given a rating of LOW, 
MEDIUM or HIGH depending on the solutions’ relative negative impacts on that criterion.  Where no impacts were 
anticipated, the criterion was rated as NONE.  Once the proposed alternatives were evaluated, the third step was to 
recommend an optimal solution for the area. The last step was to determine the benefit-cost ratio of the proposed 
solution to assist in prioritizing proposed upgrades for the different flooding areas. 
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6.2.1 Wilfred Drive 

Wilfred Drive is located in a residential area north of Sir Sandford Fleming Drive and east of Brealey Drive (See 
Figure 6.1). 

Key Causes of Flooding 
The main cause of flooding in this area is the lack of an adequate overland flow route. Storm sewers convey minor 
runoff north along Wilfred Drive, west on Stenson Boulevard and then through an easement to a watercourse west of 
Brealey Drive. The grading along the boulevard of Wilfred Drive allows major flow to spill westward, potentially 
impacting the condominium development at the corner of Wilfred Drive and Stenson Boulevard.  

Table 6.2 Wilfred Drive Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements  

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is a combination of minor and major system upgrades.  Minor system capacity will be 
improved by constructing additional catchbasins on Wilfred Drive.  It was then determined that it would be more cost 
effective and less disruptive to reconstruct the west edge of the Wilfred Drive right-of-way to increase major system 
capacity rather than to install even more catchbasins and upsize the storm sewer system to capture and convey all 
of the runoff. Since the proposed works are within the road right-of-way there are no apparent impacts to the natural 
environment. Installing source controls would not be beneficial in this area since most residences already have 
disconnected downspouts. Other forms of source control would be more difficult for the City to implement and 
maintain. It would not be reasonable to construct underground storage in this area since the cost and engineering 
difficulties would be far greater than the preferred alternative.   

Benefit 
The estimated cost to implement the preferred solution is $36,000 (See Appendix F). The works will reduce 
average annualized flood damages by $275,000 for a benefit:cost ratio of 7.7:1.  
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Figure 6.1 Wilfred Drive 

6.2.2 Fisher Drive 

Fisher Drive is located south of Sir Sandford Fleming Drive between Airport Road and The Parkway (See Figure 6.2) 

Key Causes 
The main cause of flooding in this area is the low elevation of an area around a building at the south-east corner of 
Sir Sandford Fleming Drive and Fisher Drive. A single building is predicted to be impacted by flooding from the open 
channel on the south side of Sir Sandford Fleming Drive.  Flow depths in the channel are not excessive, and could 
not be reduced significantly by channel or culvert improvements.  The grades around the building are only 
approximately 1 m above the bottom of the watercourse to the north.  

This is the only structure predicted to be impacted by flooding from the large open drainage systems in the study 
area. A slightly different set of alternatives is applicable to the area, as the causes of flooding are not directly related 
to the minor and major drainage systems in the area.  The alternatives under consideration are to: (i) reduce the flow 
rates in the system, either by reducing runoff volumes or providing storage to attenuate peak flows; (ii) increase the 
capacity of the open channel system through enlarging the channel and culverts, and; (iii) floodproofing to protect 
the structure from the un-reduced flood levels in the channel.   
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Table 6.3 Fisher Drive Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 
(Runoff Reduction) 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 
within private property 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Provide Storage 
(Runoff Reduction) 

MEDIUM 
Excavation for a 

stormwater pond north 
of Sir Sandford Fleming 

Drive 

HIGH 
Removal of vegetation 

and impacts to 
watercourse for pond 

MEDIUM 
Potential groundwater 

issues 

LOW 
Temporary impacts 
during significant 

Increase Channel / Culvert 
Conveyance Capacity 

MEDIUM 
A new culvert would be 

required under the 
Parkway and Highway 

7&115 

MEDIUM 
Temporary impacts to 
potential fish habitat 

during channel widening 
and culvert replacements 

MEDIUM 
Standard construction 

practices 

MEDIUM 
Temporary impacts 
during significant 

construction 

Flood Proofing 

LOW 
A low berm would be 
required to contain 

flooding to the channel 

LOW 
All works would take place 

within the existing 
developed property 

MEDIUM 
The flood protection 

berm would need to be 
designed to be stable 
during flood conditions 

LOW 
Temporary impacts 
during significant 

Figure 6.2 Fisher Drive 
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Recommendations 
The preferred solution is to protect the flood prone building by constructing an earthen berm to prevent elevated 
flood levels in the channel from reaching the building.  Stormwater detention ponds could be constructed at the 
north-west corner of the intersection of Fisher Drive and Sir Sandford Fleming Drive and/or at the south-west corner 
of Sir Sandford Fleming Drive and The Parkway to reduce flow rates and flood levels.  However, a large pond would 
be needed to reduce flood levels sufficient to prevent flood damages, would require removal of wetland and forest 
vegetation, and could impact fish habitat by restricting fish passage and increasing water temperature.  As a 
considerable portion of the drainage area is undeveloped, source controls on the existing developed areas will not 
be able to reduce flow rates sufficient to prevent flooding.  A very large culvert and much wider channel would be 
required to lower flood depths in the channel sufficient to prevent water from reaching the building.  These works 
would be costly, and could have short term impacts on the potential fish habitat in and downstream of the channel.  
Constructing a berm to protect the building is the most cost effective and least disruptive flood reduction solution for 
this area. 

Benefit 
The estimated cost to implement the preferred solution is approximately $4,000.  The works will reduce average 
annualized flood damages by $657,000 for a benefit:cost ratio of 153.8:1.  

6.2.3 Water Street and Area 

This study sub-area covers Water Street from north of Parkhill Road West to Edinburgh Street.  Sections of 
Edinburgh Street and George Street also experience flooding under existing conditions and have been included in 
this section (See Figure 6.3).   

Key Causes 
There are two main causes of flooding in this area. Many storm sewers are undersized to convey the 5-year event, 
and most of the roads in the area do not have capacity for the major flow from the 100-year event.  

Table 6.4 Water Street and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway 

LOW 
All works within ROW 

MEDIUM 
Significant changes in 

grades would be needed 
to direct all runoff to the 

Otonabee River 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 
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Recommendations 
It is recommended to implement a combination of major and minor upgrades. The undersized storm sewers on 
Water Street from Parkhill Road to Edinburgh Street are recommended to be upsized. Additional catchbasins on 
Water Street north of Parkhill Road and on George Street are also recommended.  Edinburgh Street is 
recommended to be reconstructed from George Street to Water Street with proper curb and gutter to better convey 
overland flow.  Since the proposed works would be contained within the road right-of-way there should be negligible 
impacts to the natural environment.  Additional source controls would not be effective in this area as a standalone 
solution since the reduction in flows would not be significant enough to eliminate flood damages. The cost of an 
underground storage unit renders that option unreasonable in comparison to the cost of the preferred alternative. 

Benefit 
The estimated cost to implement the preferred solution is $244,000.  The works will reduce average annualized flood 
damages by $178,000 for a benefit:cost ratio of 0.7:1.  

Figure 6.3 Water Street and Area 

6.2.4 Harvey Street 

Flooding is predicted on Harvey Street near the intersection with Dublin Street, east of Water Street (See Figure 
6.4). 
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Key Causes 
The main cause of flooding in this area is a lack of overland flow path.  There is a depressed area on Harvey Street 
south of Dublin Street. Buildings along Harvey Street will be flooded before water fills the depression and spills 
north across Dublin Street and through an easement to the Otonabee River.  

Table 6.5 Harvey Street Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway and easement 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
It is recommended to reconstruct and re-grade the Dublin Street and Harvey Street intersection, a portion of Harvey 
Street south of the intersection and the easement to the Otonabee River. This will create a safe, continuous overland 
flow path to drain the area to the Otonabee River.  Proposed works would be kept within the right-of-way and the 
largely un-vegetated easement and therefore the natural environment would not be impacted. Source controls are 
not an ideal solution as flows would not be reduced enough to eliminate damages. Underground storage is not a 
reasonable solution for this location considering the high cost of underground storage and the close proximity of the 
Otonabee River. 

Benefit 
The estimated cost to implement the preferred solution is $42,000.  The works will reduce average annualized flood 
damages by $27,000 for a benefit:cost ratio of 0.6:1.  
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Figure 6.4 Harvey Street 

6.2.5 Simcoe Street 

Flooding is predicted on Simcoe Street between Water Street and the Otonabee River (See Figure 6.5). 

Key Causes 
The main cause of flooding in this area is the insufficient capacity of the overland flow route. Simcoe Street east of 
Water Street does not have capacity to convey the major storm. The storm sewer along Simcoe Street has ample 
capacity for the minor event. 
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Table 6.6 Simcoe Street Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

LOW 
Requires several 

additional catchbasins to 
increase minor system 

capture 

MEDIUM 
All works within ROW, 
potential disturbance to 
contaminated soil and 

groundwater 

MEDIUM 
Works may be 

complicated by potential 
soil contamination 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway 

MEDIUM 
All works within ROW, 
potential disturbance to 
contaminated soil and 

groundwater 

MEDIUM 
Works may be 

complicated by potential 
soil contamination 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

MEDIUM 
All works within ROW, 
potential disturbance to 
contaminated soil and 

groundwater 

MEDIUM 
Works may be 

complicated by soil 
contamination, conflict 

with other utilities 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Figure 6.5 Simcoe Street 

Recommendations 
The key cause of flooding in this area is the low overland flow capacity of the roadway; however, re-grading and 
reconstruction of the roadway would be challenging due to the close proximity of the adjacent buildings to the road. 
The storm sewer along this section has excess capacity for the minor event, and so the most cost-effective option is 
to reduce overland flow by directing more runoff into the storm sewers.  It is recommended to add catchbasins to the 
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existing minor system to better capture road runoff. This would reduce overland flows enough to eliminate impacts 
to private property.  Since the proposed works would be within the road right-of-way there would be minimal impact 
on the natural environment. Source controls or underground storage would not be feasible in this area due to the 
lack of pervious area and space.   

Recall from Section 5.1.2 that the soil and groundwater near Simcoe Street is contaminated from the former coal gas 
manufacturing plant.  The risk of encountering coal tar contaminated soil during construction of additional 
catchbasins is low, as the excavations would be relatively shallow and road subdrains should have prevented 
elevated groundwater levels under the road. However, additional soil and groundwater investigations are 
recommended prior to implementation of the recommended solution.  It is noted that all feasible solutions for this 
area have some potential for encountering contaminated soil and groundwater.   

Benefit 
The estimated cost to implement the preferred solution is $21,000.  The works will reduce average annualized flood 
damages by $3,450,000 (primarily associated with the assessed value of the courthouse building) for a benefit:cost 
ratio of 161:1. 

6.2.6 Southpark Drive 

Southpark Drive is located on the east side of the Otonabee River, north of Highway 7&115 and west of Bensfort 
Road (See Figure 6.6).   

Key Causes 
The cause of flooding along this street is the lack of capacity of the overland flow route. The street does not have 
curbs and so roadway runoff flows freely onto private property. The residences on the west side of Southpark Drive 
are slightly lower than the roadway making them vulnerable to flooding during storm events.  

Table 6.7 Southpark Dr. Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires storm system 
replacements & road 

reconstruction 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

LOW 
Requires reconstruction 
of roadway with curbs 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 
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Recommendations 
The preferred solution is to reconstruct the roadway with standard curb and gutter to adequately contain major flow. 
It would be possible to upgrade the storm sewer system to convey the 100-year event; however, this would involve 
reconstructing of the roadway as well as installation of new storm sewers. The addition of curb will allow the roadway 
runoff to be concentrated at the gutters allowing the catchbasins to capture more flow. Since the proposed works will 
be contained to the road right-of-way there should be negligible impacts on the natural environment. Source controls 
would not reduce flooding sufficient to prevent damage and the cost of a storage unit renders the alternative 
unreasonable. 

Benefit 
The estimated cost to implement the preferred solution is $135,000.  The works will reduce average annualized flood 
damages by $111,000 for a benefit:cost ratio of 0.8:1.  

Figure 6.6 Southpark Drive and Riverview Heights 

6.2.7 Riverview Heights 

Riverview Heights is located east of the Otonabee River, between Southpark Drive and Bensfort Road.  The 
topography of this area slopes steeply towards the Otonabee River(See Figure 6.6).    

Key Causes 
The key cause of flooding in this area is the insufficient capacity of the overland flow route.  Many residences on the 
north side of Riverview Heights are only slightly higher than the roadway and vulnerable to flooding during large 
storm events. 

RPT2-060164148-Final Unnamed Tribs Environmental Study Report - 2012 03 26.Docx 47 



   

 

   

   

 
   

     

 

 

 
 

   
 

 

 

 
 

 

  

 

 
 

 

  

 

 
 

 

 

 

 

 
 

 
 

 

 

 
 

 

 

AECOM City of Peterborough Un-named City Tributaries Flood Reduction Study 
Master Plan 

Table 6.8 Riverview Heights Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 
utilities due to road 

lowering 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
Due to the challenging topography in the area, it would be difficult to reconstruct the roadway at a lower elevation to 
contain flooding below the adjacent private property, and there may be conflicts with utilities if the roadway needs to 
be lowered significantly.  The preferred solution is to upgrade a section of storm sewer along Riverview Heights and 
install additional catchbasins to reduce flow overland during large storms.  It has been verified that receiving storm 
sewer on Southpark Drive has capacity for the increased minor system flows from Riverview Heights.  Since the 
proposed works will be contained to the road right-of-way there should be no impacts on the natural environment. 
Source controls would not reduce flows sufficient to prevent flooding, and there is no justification for underground 
storage.   

Benefit 
The estimated cost to implement the preferred solution is $136,000.  The works will reduce average annualized flood 
damages by $136,000 for a benefit:cost ratio of 1.0:1 

6.2.8 Barker Ave and Sherin Ave 

Barker Avenue and Sherin Avenue are location on the east side of the Otonabee River, between Southpark Drive 
and Bensfort Road (See Figure 6.7). 

Key Causes 
The key cause of flooding in this area is the topography of the area and the inability of the roadway to contain major 
flow. The residences on the southwest side of Barker Avenue are lower than the street and are potentially impacted 
by overland flow from the roadway.   
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Table 6.9 Barker Ave and Sherin Ave Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway and easement 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to increase the capacity of the major overland flow system by re-grading roadways and 
easements.  A portion of the Barker Avenue / Maxwell Avenue intersection is proposed to be re-graded to prevent 
major flow from spilling into the lots adjacent Barker Avenue. Barker Avenue from Maxwell Avenue to Sherin 
Avenue is also recommended to be re-graded and well as Sherin Avenue from Barker Avenue to the easement to 
the south-west. The easement will also require re-grading. These upgrades will create a safe, continuous overland 
flow route from Barker Avenue to the Otonabee River.  Source controls would not reduce flows sufficient to solve 
flooding problems and a storage unit would not be cost-effective for this area.  While additional catchbasins and 
storm sewer upgrades could also reduce flooding in the area, it would be more expensive than the preferred option.  
Since the proposed works will be contained to the road right-of-way there should be negligible impacts on the natural 
environment.  

Benefit 
The estimated cost to implement the preferred solution is $88,000.  The works will reduce average annualized flood 
damages by $83,000 for a benefit:cost ratio of 0.9:1 
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Figure 6.7 Barker Avenue, Sherin Avenue, Southlawn Drive and River Road South 

6.2.9 Southlawn Drive 

Southlawn Road is located on the east side of the Otonabee River, connecting Otonabee Drive and River Road 
South (See Figure 6.7). 

Key Causes 
The key cause of flooding in this area is local grading at the corner of Southlawn Drive and Saugeen Crescent.  
There is the potential for overland flow on Southlawn Drive to spill onto private property at the corner of the 
intersection with Saugeen Crescent.  The storm sewer on Southlawn Drive has adequate capacity for the minor 
storm. 
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Table 6.10 Southlawn Drive Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

LOW 
Requires several 

additional catchbasins to 
increase minor system 

capture 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

LOW 
Requires localized re-

grading to contain major 
flow to ROW 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
There are two reasonable solutions for this section. The first is to re-grade the corner of Southlawn Drive and 
Saugeen Crescent to prevent overland flow from spilling onto private property. The second is to add catchbasins to 
the existing storm sewer system to reduce overland flows.  Re-grading the corner of the intersection is the preferred 
solution for this area.  This solution is slightly more reliable than catchbasins, which can become obstructed by 
debris during storm events. 

Benefit 
The estimated cost to implement the preferred solution is $36,000.  The works will reduce average annualized flood 
damages by $90,000 for a benefit:cost ratio of 2.5:1 

6.2.10 River Road South 

There is potential for flooding near the intersection of River Road South and Southlawn Drive.  An easement 
opposite Southlawn Drive connects River Road South to the Otonabee River (See Figure 6.7). 

Key Causes 
Overland flow on River Road South does not have an adequate overland flow path to the Otonabee River.  The 6 m 
wide storm sewer easement opposite Southlawn Drive does not have sufficient capacity for the major system flows 
from Southlawn Drive and River Road South during a 100 year storm event.  
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Table 6.11 River Road South Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

LOW 
Involves re-grading the 

existing easement to 
improve conveyance 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to reconstruct the existing easement to contain the major system flow from a 100 year 
storm. The storm sewers in the area have adequate capacity for the minor storm event.  Re-grading the easement 
is more cost effective than installing additional catchbasins and upgrading the storm sewer.  The natural 
environment should not be impacted by the proposed works as they will be contained within the existing easement 
with no significant vegetation.  It is not reasonable to implement an underground storage unit given the close 
proximity of the Otonabee River. 

Benefit 
The estimated cost to implement the preferred solution is $11,000.  The works will reduce average annualized flood 
damages by $68,000 for a benefit:cost ratio of 6.5:1 

6.2.11 Stewart Drive 

Stewart Drive is located between Otonabee Drive and Ashburnham Drive, immediately north of Highway 7&115 (See 
Figure 6.8). 

Key Causes 
The key cause of flooding is the lack of an overland flow path.  There is an existing stormwater management pond 
adjacent the highway in the area between Stewart Drive and Crystal Drive.  The pond was originally designed only to 
store runoff backing up in the storm sewer system, and therefore overland flow routes in the area were not designed 
to also flow to the pond.  There is a low point on Stewart Drive adjacent the storm sewer easement from the 
stormwater management pond.  However, the storm sewer easement is higher than Stewart Drive, and there is no 
other overland flow route from the low point on Stewart Drive.  A considerable area along Stewart Drive would be 
flooded before water would begin to flow toward the stormwater pond.   
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Table 6.12 Stewart Drive Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires many 

additional catchbasins 
and several storm sewer 

upgrades 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

LOW 
Involves re-grading an 

existing easement and a 
portion of the roadway 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Figure 6.8 Stewart Drive 

Recommendations 
The preferred solution is to re-grade the existing easement between the stormwater pond and Stewart Drive to allow 
major flow from Stewart Drive to freely flow to the pond.  Portions of Stewart Drive will also require re-grading to 
contain flooding within the right-of-way.  The natural environment would not be impacted since the works would be 
contained to the Stewart Drive right-of-way and existing easement.  The minor system would need to capture and 
convey up to the 100 year storm to prevent flooding in this area.  This would require many additional catchbasins 
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and upsizing several significant storm sewers.  Underground storage would be extremely expensive, and source 
controls would not be adequate to reduce runoff sufficient to prevent flooding.  The major system upgrades are a 
much more cost effective solution.   

Benefit 
The estimated cost to implement the preferred solution is $48,000.  The works will reduce average annualized flood 
damages by $85,000 for a benefit:cost ratio of 1.8:1 

6.2.12 Crawford Drive and Area 

Crawford Drive is located on the west side of the Otonabee River, west of Monaghan Road and north of Highway 
7&115. Flooding in this system is predicted to impact residences on Crawford Drive as well as Barbara Crescent, 
Shirley Avenue and Harold Street (See Figure 6.9).   

Key Causes 
The key cause of flooding in this area is inadequate overland flow routes. The grading in the area is very flat or even 
depressed.  Flood levels must build to considerable depths before flowing east to Monaghan Road and the 
Otonabee River.   

Table 6.13 Crawford Drive and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires re-grading and 

reconstruction of 
roadway and easement 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The flat topography in the area is a constraint which makes it challenging to re-grade the streets in the area to better 
convey overland flow.  Instead it is recommended to upsize storm sewers and add catchbasins to convey the 
majority of roadway runoff through the minor system.  Underground storage is not reasonable, as the areas are 
relatively close to the Otonabee River.  It is more cost effective to replace short lengths of storm sewer rather than 
install expensive underground storage units.  Since the proposed works would be contained within the road right-of-
way there should be negligible impacts to the natural environment. 
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Benefit 
The estimated cost to implement the preferred solution is $479,000.  The works will reduce average annualized flood 
damages by $616,000 for a benefit:cost ratio of 1.3:1 

Figure 6.9 Crawford Drive and Area and Riverside Drive 

6.2.13 Riverside Drive 

Riverside Drive is parallel to the Otonabee River east of Monaghan Road (See Figure 6.9).   

Key Causes 
The key cause of flooding in this area is the inadequate capacity of the major system.  Riverside Drive does not have 
curb and so roadway runoff can easily flow onto private property. 
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Table 6.14 Riverside Drive Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires storm system 
replacements & road 

reconstruction 

LOW 
All works within ROW 

MEDIUM 
Catchbasins cannot 

capture enough runoff 
without curbs 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 

of roadway 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to reconstruct the roadway with standard curb and gutter, with no improvements to the 
minor drainage systems.  Adding catchbasins and upsizing the storm sewer would have limited benefits, as a curb 
would be required regardless to direct adequate runoff to the existing and additional catchbasins.  Underground 
storage is not a reasonable solution, as the minor system has adequate capacity, and as the site is adjacent the 
Otonabee River.   

Benefit 
The estimated cost to implement the preferred solution is $255,000.  The works will reduce average annualized flood 
damages by $80,000 for a benefit:cost ratio of 0.3:1 

6.2.14 Monaghan Road and Area 

Flooding is predicted along Monaghan Road between Hawley Street and Crawford Drive, as well as many of the 
streets intersecting Monaghan Road (See Figure 6.10).   

Key Causes 
The key cause of flooding in this area is the flat topography preventing major flow from being adequately conveyed 
along the streets to the Otonabee River.  The insufficient capacity of the Monaghan Road storm sewer also 
contributes to flooding in this area.   
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Table 6.15 Monaghan Road and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 

of roadway 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred alternative is to upgrade the minor drainage system to capture and convey all of the runoff up to the 
100 year storm.  This would involve replacing several sections of storm sewer with larger diameter pipe and adding 
several catchbasins along the existing flooded roadways.  It is not possible to create a continuous, positive overland 
flow path along Monaghan Road to the Otonabee River without extensive re-grading of the properties adjacent the 
roadway to contain the major flow to the right-of-way.  Underground storage would not be cost effective, as a large 
number of storage units would need to be distributed through the system.  The proposed works are significant, 
however, all works are contained within the road right-of-way and so the natural environment will not be significantly 
impacted.  

Benefit 
The estimated cost to implement the preferred solution is $1,261,000.  The works will reduce average annualized 
flood damages by $1,575,000 for a benefit:cost ratio of 1.2:1 

RPT2-060164148-Final Unnamed Tribs Environmental Study Report - 2012 03 26.Docx 57 



   

 

   

  

 
 
 
 

 
 

 

 

 

AECOM City of Peterborough Un-named City Tributaries Flood Reduction Study 
Master Plan 

Figure 6.10 Monaghan Road and Area 

6.2.15 Monaghan Road 2 

This section of Monaghan Road is located south of Lansdowne Street and north of Hawley Street (See Figure 6.11).   

Key Causes 
There is a large, highly impervious development near the upstream end of this drainage system, which generates 
peak flow rates well in excess of the storm sewer capacity and cannot be contained within the major overland 
drainage systems.  Overland flow drains eastward along Braidwood Avenue, not southward down Monaghan Road.  
As in other areas, the topography is very flat, limiting the capacity of the major drainage systems.   

RPT2-060164148-Final Unnamed Tribs Environmental Study Report - 2012 03 26.Docx 58 



   

 

   

  

 
   

     

 

 

 
 

   
 

 

 

 

  
 

  

 

  
 

 

 

 

 

 
 

 

 

 

 

 
 

  

 
 
 

  

AECOM City of Peterborough Un-named City Tributaries Flood Reduction Study 
Master Plan 

Table 6.16 Monaghan Road 2 Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

HIGH 
Requires additional 

catchbasins and many 
significant storm sewer 

replacements 

LOW 
All works within ROW 

MEDIUM 
The very large sewers 
required may conflict 

with utilities 

MEDIUM 
Temporary impacts over 
significant duration and 
extent of construction 

Increase Capacity of 
Major System 

HIGH 
Requires reconstruction 

of many streets  

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

MEDIUM 
Temporary impacts over 
significant duration and 
extent of construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Figure 6.11 Monaghan Road 2 

Recommendations 
The preferred solution is underground storage near the intersection of Monaghan Road and Braidwood Avenue to 
control peak flow rates to the available capacity in the storm sewer system.  Additional catchbasins would also be 
required to capture surface runoff and direct it to the storage unit.  Upgrading the storm sewer system to mitigate 
flooding will be very expensive, as it will require a much larger storm sewer extending all the way to the Otonabee 
River. Similar to the southern section of Monaghan Road, it is not possible to create a continuous, positive overland 
flow path to the Otonabee River without extensive re-grading of the properties adjacent the roadways to contain the 
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major flow to the right-of-way. Construction of an underground storage unit is comparable in cost to minor system 
improvements, but will impact a much smaller area.  The storage unit could be located within the Monaghan Road 
right-of-way, under the soccer field on the east side of Monaghan Road, or within the commercial property on the 
west side of Monaghan Road that is generating the majority of the runoff to this system.  The natural environment 
should not be impacted since the works would be limited to the road right-of-way and/or existing developed areas 
adjacent the roadway.   

Benefit 
The estimated cost to implement the preferred solution is $897,000.  The works will reduce average annualized flood 
damages by $422,000 for a benefit:cost ratio of 0.5:1 

6.2.16 Arndon Avenue 

The intersection of Park Street and Arndon Avenue, located just north of the Otonabee River, is predicted to flood 
during large storm events (See Figure 6.12).   

Key Causes 
The key cause of flooding in this area is a lack of overland flow route.  There is a low point on Park Street at Arndon 
Avenue where runoff ponds and spills onto private property.  

Table 6.17 Arndon Avenue Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

LOW 
Requires several 

additional catchbasins to 
increase minor system 

capture 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

LOW 
Requires reconstruction 
of a short length of Park 
Street to contain flow to 

ROW 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
At this location, the Park Street storm sewer has considerable excess capacity for the minor storm event.  The 
preferred solution is therefore to take advantage of the spare capacity in the storm sewer by adding catchbasins at 
the intersection of Park Street and Arndon Avenue to capture the overland flow directed to the intersection.  This is 
more cost effective than reconstructing and lowering Park Street to provide a continuous overland flow route to the 
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Otonabee River.  The limited recommended works will be contained to the road right-of-way and will not impact the 
natural environment 

Benefit 
The estimated cost to implement the preferred solution is $8,000.  The works will reduce average annualized flood 
damages by $62,000 for a benefit:cost ratio of 8.0:1.  

Figure 6.12 Arndon Avenue and St. Catherine Street 

6.2.17 St. Catherine Street 

St. Catherine Street is located between Park Street and Monaghan Road, extending from Braidwood Avenue south 
to Cameron Street, just north of the Otonabee River.  Flooding is predicted along the majority of the street (See 
Figure 6.12). 

Key Causes 
The main reason for flooding in this area is the inadequate capacity of the major overland flow route. The capacity 
of the St. Catherine Street right-of-way is limited because there are no curbs to contain flooding to the street.  Major 
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system flows in this system are also high because overland flows from Park Street can flow west along O’Connell 
Road to St. Catherine Street.  The considerable overland flow from Park Street also contributes to flooding of the 
residences along O’Connell Road.   

Table 6.18 St. Catherine Street Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

HIGH 
Requires additional 
catchbasins, storm 

sewer replacements and 
road reconstruction 

LOW 
All works within ROW 

MEDIUM 
Catchbasins cannot 

capture enough runoff 
without curbs 

MEDIUM 
Temporary impacts, 
restricted park use 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 
of St. Catherine Street 

with curb & gutter 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to reconstruct St. Catherine Street with curb and gutter. This would allow the major flow to 
be contained along the roadway and to improve capture into the existing storm sewer system.  A few catchbasins 
would be required to reduce major system flows to the capacity of reconstructed right-of-way.  The preferred solution 
also requires re-grading a small portion of O’Connell Road to prevent overland flow form Park Street from flowing 
westward into the improved system.  Minor system upgrades are not reasonable, as St. Catherine Street would 
require reconstruction with curb and gutter regardless to direct all of the runoff into catchbasins.  Underground 
storage is not reasonable, as the minor system has adequate capacity.  As all of the works are limited to road right-
of-ways and the manicured John Taylor Memorial Park, there should be negligible impacts to the natural 
environment 

Benefit 
The estimated cost to implement the preferred solution is $322,000.  The works will reduce average annualized flood 
damages by $527,000 for a benefit:cost ratio of 1.6:1 

6.2.18 High Street and Area 

This section includes High Street from Frank Street (study area limit) south to Romaine Street.  Flooding is predicted 
on High Street and several of the intersecting streets, including Chamberlain Street and Brown Street (See Figure 
6.13). 
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Key Causes 
The key causes of flooding in this area are undersized storm sewers and the flat topography which limits the 
capacity of the major system. 

Table 6.19 High Street and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

HIGH 
Requires reconstruction 

of many roadways 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

MEDIUM 
Temporary impacts, 
restricted park use 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred flood reduction solution for this area is to upsize several undersized storm sewers and add several 
catchbasins to capture more runoff into the storm sewer system. The area is located at the top end of the 
sewershed, and therefore large number of streets would need reconstruction to ensure a safe, positive draining 
overland flow route to the Otonabee River  The downstream storm sewers have adequate capacity for the additional 
minor system flows, and therefore underground storage is not warranted to reduce minor system flows.  

Most of the work will take place within the road right-of-ways, with the exception of some re-grading through 
manicured Turner Park to create a continuous overland flow path from Chamberlain Street south to Brown Street.  
Negligible impacts to the natural environment are anticipated.   

Benefit 
The estimated cost to implement the preferred solution is $190,000.  The works will reduce average annualized flood 
damages by $599,000 for a benefit:cost ratio of 3.1:1 
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Figure 6.13 High Street and Romaine Street and Area 

6.2.19 Romaine Street and Area 

This section of Romaine Street extends from High Street to Monaghan Road and also includes a portion of 
Monaghan Road north of Romaine Street (See Figure 6.13). 

Key Causes 
The primary cause of flooding in this area is the limited capacity of the overland flow route along Romaine Street due 
to the lack of curb.  The residential lots both north and south of Romaine Street are lower than the street, and are 
subject to significant depths of flooding once runoff spills from the street.   
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Table 6.20 Romaine Street and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

HIGH 
Requires reconstruction 

of many roadways 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution for this area is a combination of minor and major drainage system improvements.  It is 
recommended to reconstruct Romaine Street with standard curb and gutter to contain any overland flow to the 
street, and it is also recommended to install additional catchbasins to capture more runoff into the minor system.  A 
section of the Romaine Street storm sewer will be needed to convey the increased minor system flow.  Major system 
improvements alone cannot solve the flooding problems in this area, as it is located a considerable distance from the 
Otonabee River and a large number of streets and surrounding properties would need to be reconstructed and 
regraded to create an adequate, continuous overland flow path.   

The storm sewer system leading from Romaine Street flows in a south-easterly direction through an industrial site 
and a commercial plaza before crossing under the rail line just north of Lansdowne Street.  The large 1500 mm 
diameter sewer through the commercial plaza has more than adequate capacity for the additional minor flows from 
the proposed improved Romaine Street.  However, the storm sewers further downstream on Lansdowne Street and 
Park Street do not have sufficient capacity, and the additional minor drainage from the Romaine Street 
improvements would worsen flooding conditions in these systems.  

To mitigate these potential downstream impacts, it is recommended install a flow restrictor in the 1500 mm diameter 
sewer just upstream of the rail crossing near Lansdowne Street.  The restrictor will cause flows to back up and fully 
utilize the storage available in the 1500 mm diameter sewer, and will reduce flows in the system sufficient to avoid 
significant upgrades to the downstream sewers.  Additional investigation is recommended to verify that the local 
storm drainage system in the commercial plaza on the west side of Monaghan Road will not be impacted by the 
higher hydraulic grade line in the trunk storm sewer.   

Benefit 
The estimated cost to implement the preferred solution is $595,000.  The works will reduce average annualized flood 
damages by $1,206,000 for a benefit:cost ratio of 2.0:1 
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6.2.20 Chamberlain Street and Park Street South 

This section includes Chamberlain Street from east of Monaghan Road to Park Street, and Park Street from 
Chamberlain Street to Romaine Street.  Flooding is predicted on Chamberlain Street behind the rail crossing, and on 
Park Street both north and south of the rail spur line (See Figure 6.14). 

Key Causes 
The key causes of flooding in this area are undersized storm sewers and discontinuous major overland flow routes 
at rail crossings. 

Table 6.21 Chamberlain Street and Park Street South Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

HIGH 
Requires reconstruction 

of many roadways 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to improve the minor system capacity by adding several catchbasins and upsizing several 
sections of storm sewer. The full length of the storm sewer that flows easterly on Chamberlain and southerly on 
Park Street to the intersection with Romaine Street is recommended to be upgraded.  Additional catchbasins are 
also recommended along the length of storm sewer replacement, as well as along Romaine Street west of Park 
Street and Parnell Street west of Park Street.  Park Street requires re-grading from the rail spur crossing south to the 
intersection with Romaine Street to fully contain the remaining 100 year overland flow.  

The additional catchbasins and storm sewer upgrades have the potential to increase peak flow rates in the 
downstream storm sewer systems.  At the intersection of Romaine Street and Park Street South there in a storm 
manhole that has upstream connections from the west and north, and downstream connections to both the south 
and east.  Neither the Park Street storm sewer nor the Romaine Street storm sewer has capacity for the additional 
flow resulting from the recommended improvements.  The length of storm sewer on Romaine Street is shorter than 
Park Street, and is also recommended to be upgraded to improve local flooding conditions east of Park Street (see 
Section 6.2.21).  It is therefore recommended to plug the sewer leading south from the manhole at the intersection of 
Park Street and Romaine Street, and direct all of the runoff from this area to the Romaine Street storm sewer 
leading east to Little Lake. 
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Subsequent to the completion of the drainage analysis, AECOM was informed that Romaine Street had been 
recently reconstructed.  A review of the as-constructed plans for Romaine Street west of Park Street found that an 
adequate number of additional catchbasins were installed during the street reconstruction.  

Benefit 
The estimated cost to implement the preferred solution is $584,000.  The works will reduce average annualized flood 
damages by $819,000 for a benefit:cost ratio of 1.4:1 

Figure 6.14 Chamberlain Street and Park Street South 

6.2.21 Romaine Street 2 

This section includes Romaine Street is from Park Street to Little Lake and surrounding streets.  Flooding is 
predicted along Romaine Street, George Street both north and south of Romaine Street, and Westcott Street west of 
George Street (See Figure 6.15). 

Key Causes 
The key causes of flooding in this area are the undersized storm sewers and the flat to depressed topography 
through the area.   
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Table 6.22 Romaine Street 2 Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 

of several roadways 

LOW 
All works within ROW 

MEDIUM 
It will be difficult to 
achieve positive 

drainage in the flat to 
depressed terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Figure 6.15 Romaine Street 2 

Recommendations 
The preferred solution is to upsize the storm sewers on Romaine Street, George Street and Westcott Street, and to 
install additional catchbasins to reduce overland flow rates sufficient to contain flooding to the road right-of-ways.  
The area is flat with several depressed basins, and therefore it would be very difficult to create an adequate 
continuous overland flow path to Little Lake. Underground storage would not be cost-effective, as relatively short 
lengths of sewer are needed to convey runoff to Little Lake.  Limited impacts to the natural environment are 
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anticipated.  The recommended works will take place in existing road right-of-ways, with the exception of the 
reconstructed storm sewer outlet to Little Lake. 

It is noted that upsizing the Romaine Street storm sewer is also required to convey the additional minor system flow 
resulting from the recommended drainage improvements on Chamberlain and Park Streets (Section 6.1.20).  The 
Little Lake Master Plan reported that the sewer outlet to Little Lake is submerged below the water with little cover at 
shore, and a site inspection by AECOM found significant corrosion of the corrugated metal pipe outlet.  Replacing 
the Romaine Street sewer and constructing a standard headwall at the outlet to Little Lake offers many benefits.  

Benefit 
The estimated cost to implement the preferred solution is $852,000.  The works will reduce average annualized flood 
damages by $1,137,000 for a benefit:cost ratio of 1.3:1 

6.2.22 Perry Street 

This section is at the north end of the study area just west of Little Lake. It encompasses Perry Street and Lake 
Street (See Figure 6.16). 

Key Causes 
The existing flooding in this area is due to undersized storm sewers and the lack of overland flow route. There are a 
few low points in the topography that have nowhere to drain and so private property is impacted.  

Table 6.23 Perry Street Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

HIGH 
Requires reconstruction 

of several roadways 

LOW 
All works within ROW 

MEDIUM 
Extensive re-grading 
would be required to 

achieve positive 
drainage in the flat 

terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to improve the minor system capacity by adding several catchbasins and upsizing the storm 
sewer system.  This would involve replacing the majority of the storm sewers on Perry Street, Aylmer Street and 
Lake Street, including the outlet to Little Lake.  It is not possible to create a continuous overland flow path to Little 
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Lake without extensive regarding of the streets and adjacent properties.  The rail line in the area is also a constraint 
to a continuous overland flow path.  Underground storage would not be cost effective, as the area is relatively close 
to Little Lake and as several units would need to be distributed through the system upstream of several sections of 
undersized storm sewer.  . Limited impacts to the natural environment are anticipated.  The recommended works 
will take place in existing road right-of-ways, with the exception of the reconstructed storm sewer outlet to Little Lake. 

Benefit 
The estimated cost to implement the preferred solution is $472,000.  The works will reduce average annualized flood 
damages by $355,000 for a benefit:cost ratio of 0.8:1. 

Figure 6.16 Perry Street 

6.2.23 Princess Street and Area 

Flooding is predicted on Prince and Princess Streets between Park Street and George Street, and on Park Street 
between Romaine Street and Lansdowne Street (See Figure 6.17).   

Key Causes 
The main reason for flooding in this area is the insufficient capacity of the overland flow route. Major flows are not 
confined to road right-of-ways and spill to private property. 

Table 6.24 Princess Street and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

LOW 
Requires additional 

catchbasins 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 

of several roadways 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 
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Recommendations 
The preferred solution is to improve the capacity of the minor drainage system by installing additional catchbasins on 
Prince and Princess Streets.  Minor re-grading is also recommended at the south-east corner of Park Street and 
Princess Street to contain the remaining overland flow to the road right-of-way.  As with the majority of the study 
area west of Little Lake, the topography is very flat and depressed in areas.  It is not feasible to provide a continuous 
overland flow route without extensive re-grading of the street and adjacent property leading to the Otonabee River.  
The existing sewers on Prince and Princess Streets have adequate capacity for the increased minor system flow, so 
underground storage is not warranted.  The recommended works will increase the flow rates delivered to the Park 
Street South storm sewer.  Sections of the Park Street storm sewer are undersized, and are recommended for 
replacement (See Section 6.1.23).  The works would be limited to existing road right-of-ways, and therefore 
negligible impacts to the natural environment are anticipated.   

Subsequent to the completion of the drainage analysis, AECOM was informed that Prince Street and Princess Street 
had been recently reconstructed.  A review of the as-constructed plans for the both streets concluded that additional 
catchbasins are still warranted to eliminate the risk of flood damages for up to a 100 year storm.  Nine more 
catchbasins are recommended on Princess Street between Park Street and George Street, and 2 additional 
catchbasins are recommended on Prince Street.  

Benefit 
The estimated cost to implement the preferred solution is $65,000.  The works will reduce average annualized flood 
damages by $1,427,000 for a benefit:cost ratio of 22:1 

Figure 6.17 Princess Street and Area 
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6.2.24 Park Street South 

This section includes Park Street South from Lansdowne Street to McKellar Street, as well as Brioux Avenue and 
Edison Avenue West of Park Street South (See Figure 6.18).   

Key Causes 
The key causes of flooding in this area are undersized storm sewers and the insufficient capacity of the major 
drainage system.   

Table 6.25 Park Street South Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Reconstruction of Park 
Street to the Otonabee 

River 

LOW 
All works within ROW 

MEDIUM 
It will be difficult to 
achieve positive 

drainage in the flat to 
depressed terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution to reduce flooding in this area is to upgrade the relatively short length of undersized storm 
sewer on Park Street South in the area of King George Street.  Additional catchbasins are also recommended on 
Brioux and Edison Avenues to reduce overland flow, and some minor re-grading is needed at the intersection of 
Park Street and McGill Street to contain overland flow.  The flat topography in the area restricts the ability to create a 
continuous overland flow route, and the relatively short length of sewer replacement on Park Street south is much 
more cost effective than underground storage.  Since the recommended works are limited to the right-of-way, 
negligible impacts to the natural environment are expected.   

Benefit 
The estimated cost to implement the preferred solution is $567,000.  The works will reduce average annualized flood 
damages by $1,311,000 for a benefit:cost ratio of 2.3:1 
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Figure 6.18 Park Street South and Braidwood Avenue and Areas 

6.2.25 Braidwood Avenue and Area 

This section covers the area south of McGill Street between Park Street and Lock Street.  Flooding is predicted on 
Braidwood Avenue, Wilson Street, King George Street and several of the small north-south streets in the area (See 
Figure 6.18). 

Key Causes 
The key causes of flooding in this area are undersized storm sewers and the insufficient capacity of the major 
system. There are low points within private property that are inundated once major flows spill from the roadways.   
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Table 6.26 Braidwood Avenue and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 
of several roadways and 

adjacent property 

LOW 
All works within ROW 

MEDIUM 
It will be difficult to 
achieve positive 

drainage in the flat to 
depressed terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to upgrade the minor system capacity.  This will require upgrading the storm sewers on 
Braidwood Avenue, Young Street, King George Street and Lock Street, and adding several catchbasins through the 
area. Improving the major system capacity would be difficult due to the very flat topography in the area, and 
providing underground storage would be very expensive relative to the short lengths of sewer required to convey the 
flows to the Otonabee River.  The recommended works would be limited to the road right-of-ways, but would require 
reconstruction of the existing storm sewer outlet to the Otonabee River at the south end of Lock Street.  Negligible 
impacts to the natural environment are anticipated.   

Benefit 
The estimated cost to implement the preferred solution is $637,000.  The works will reduce average annualized flood 
damages by $362,000 for a benefit:cost ratio of 0.6:1 

6.2.26 Sherburne Street and Area 

The final sub-area covers the lands east of Lock Street and west of the Otonabee River (See Figure 6.19). Flooding 
is predicted along the majority of the streets north of Montgomery Street.  Montgomery Street has been 
reconstructed since the base mapping was prepared.  As-constructed plans were provided to AECOM, and the 
reconstructed roadway is represented in the mapping and modelling.  The area south of Montgomery Street was 
under development when the base mapping was prepared.  The PC-SWMM model was revised to reflect the 
upgraded Sherburne Street storm sewer through this area.  No flooding is predicted within the new development 
area. 

Key Causes 
The key cause of flooding in the area is the flat topography. The majority of the streets in this section are not graded 
to provide a continuous overland flow path to the Otonabee River.  Instead, there are local depressions along the 
streets that fill and spill to private property.  
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Table 6.27 Sherburne Street and Area Evaluation Matrix 

Alternatives 
Evaluation Criteria 

Cost Natural 
Environment 

Engineering 
Environment 

Social 
Environment 

Do Nothing NONE 
No works proposed 

NONE 
No changes to existing 

conditions 

NONE 
No works proposed 

NONE 
Continued flood risk 

Install Source Controls 

LOW 
Small improvements on 

private property to 
reduce runoff 

LOW 
Works would take place 

within developed lots 

MEDIUM 
Difficult to implement & 

maintain 

MEDIUM 
Construction and 

maintenance of projects 
on private property 

Increase Capacity of 
Minor System 

MEDIUM 
Requires additional 

catchbasins and storm 
sewer replacements 

LOW 
All works within ROW 

LOW 
Standard construction 

practice 

LOW 
Temporary impacts 
during construction 

Increase Capacity of 
Major System 

MEDIUM 
Requires reconstruction 
of several roadways and 

adjacent property 

LOW 
All works within ROW 

MEDIUM 
It will be difficult to 
achieve positive 

drainage in the flat to 
depressed terrain 

LOW 
Temporary impacts 
during construction 

Provide Storage 

HIGH 
Installation of storage 

units and reconstruction 
of roadway 

LOW 
All works within ROW 

MEDIUM 
Potential conflict with 

utilities 

LOW 
Temporary impacts 
during construction 

Recommendations 
The preferred solution is to upgrade the minor drainage system to convey all of the runoff from storms up to and 
including the 100 year return period event.  This will require additional catchbasins to capture all of the runoff, and an 
upgraded storm sewer on Edward Street.  Extensive re-grading of both road right-of-ways and private property 
would be needed to achieve a continuous overland flow route to the Otonabee River.  Underground storage is not 
warranted, as the majority of the storm sewers in the area have adequate capacity for the 100 year storm.  As the 
preferred solution requires minor works within the road right-of-ways, negligible impacts on the natural environment 
are anticipated.  

Benefit 
The estimated cost to implement the preferred solution is $166,000.  The works will reduce average annualized flood 
damages by $181,000 for a benefit:cost ratio of 1.1:1 
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Figure 6.19 Sherburne Street and Area 

6.3 Recommendations for Future Development 

The project scope includes a review of existing storm drainage design criteria and the development of revised 
standards for future development to reduce the potential for future flooding. 

Current City of Peterborough engineering design criteria require that storm sewers be designed to convey the flow 
from the 5 year return period storm, and that the major overland flow routes (primarily along streets) be designed to 
contain the flow from a 100 year return period storm to the right-of-way. 

The extent of flooding from the 100 year return period storm was illustrated in Figures 4.3 through 4.8.  It is evident 
from those figures that the most significant flood damages occur in areas where the storm sewers are significantly 
undersized and/or where there isn’t a continuous overland flow route to a watercourse or the Otonabee River.  
These are predominantly located in the older developed areas within the study area.   
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In the more recently developed portions of the study area (east of Otonabee Drive, south of Sir Sanford Fleming 
Drive), the modelling confirmed that the storm sewers have adequate capacity for the 5 year return period storm, 
and there is little to no flooding predicted along the overland flow routes (with the exception of areas under 
construction at the time the topographic mapping was prepared).   

It is therefore concluded that current City of Peterborough storm drainage criteria are adequate to protect new 
development and re-development from surface flooding.  However, it is recommended that the guidelines be clarified 
regarding new development or redevelopment discharging to existing storm drainage systems.  If there isn’t an 
adequate flow route from a development area to an open watercourse or the Otonabee River, flows from the 
development should be controlled to the available storm sewer capacity.  This will protect against flooding impacts if 
there are existing flooding problems along the overland flow routes connecting the development area to the ultimate 
receiving watercourse.   

Low impact development water management practices should be considered for re-development within existing 
developed areas of the city.  These practices, which include permeable pavement, green roofs, cisterns for irrigation 
or greywater systems, bioretention, etc have the potential to reduce runoff volumes and peak flow rates.  Adopting 
these practices could reduce the peak flow rates to existing storm sewers and overland flow routes, and also reduce 
pollutant loadings to the receiving watercourses and the Otonabee River.  More information on the design, 
construction and maintenance of low impact development can be found in the Low Impact Development Stormwater 
Management Planning and Design Guide (TRCA & CVC, 2010, available at www.sustainabletechnologies.ca) 

These practices (source controls) were not selected in the evaluation of alternatives to mitigate current flooding 
problems.  In many cases, the entire sewershed would need to be re-developed with low impact development 
measures to cause a reduction in flow rates sufficient to significantly reduce flood damages.  The timing for re-
development of large areas of the city renders these alternatives unreasonable as a stand-alone flood reduction 
solutions. 

Finally, the City should review and apply best engineering practices for climate change when designing new storm 
drainage infrastructure and rehabilitating existing drainage infrastructure.   
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7. Phase 2 – Recommended Action Plan 
7.1 Project Prioritization 

The preferred flood reduction solution is made up of a large number of relatively small, isolated construction projects 
designed to alleviate local drainage issues.  Funding limitations, the availability of contractors, and the economies 
achievable by undertaking flood reduction projects in concert with other municipal initiatives, such as road 
reconstruction, are unlikely to allow all of these projects to be implemented simultaneously.  Therefore, further 
analyses were undertaken to prioritize the individual construction projects.  Projects were ranked based on the 
degree of flood damage reduction (as measured by average annual flood damages) that can be achieved relative to 
the construction cost.  The prioritization of the projects was first based in this ranking and then adjusted to account 
for other factors, such as ease of access, dependence on downstream improvements, and feasibility. Table 7.1 
below lists the priority of the projects. 

Table 7.1 Project Prioritization 

Priority Section Solution Description Cost 
(Thousands) 

Benefit: 
Cost 

EA 
Schedule 

1 Simcoe Street Add 11 CBs $21 161 A 

2 Park Street South 
Upgrade 200 m of Park St. trunk sewer, add 32 CBs and re-
grade intersection at McGill 

$567 2.3a A+ 

3 Princess Street & 
Area 

Add 24 CBs, re-grade portion of Princess & Park intersection 
and disconnect storm sewer at Park & Romaine 

$65 22.0 A+ 

4 Arndon Avenue Add 4 CBs $8 8.0 A 

5 Wilfred Drive Add 8 CBs and re-grade part of Wilfred Dr. $36 7.7 A+ 

6 River Road South Re-grade easement west of Southlawn $11 6.5 A+ 

7 Romaine Street & 
Area 

Upgrade 245 m of storm sewers, add 24 CBs and reconstruct 
Romaine St with curb and gutter 

$595 2.0b B 

8 High Street & 
Area 

Upgrade 220 m of storm sewers, add 24 CBs and re-grade an 
overland flow easement through park 

$190 3.1 B 

9 Southlawn Drive Re-grade roadway at corner of Saugeen Cres. $36 2.5 A 

10 Stewart Drive 
Re-grade 100 m of roadway and the easement to the SWM 
pond 

$48 1.8 A+ 

11 St. Catherine 
Street 

Reconstruct roadway with curb and gutter, add 8 CBs and re-
grade the intersection at O'Connell & Park 

$322 1.6 B 

12 Romaine Street 2 Upgrade 1340 m of storm sewers and add 26 CBs $852 1.3c B 

13 Chamberlain & 
Park Streets 

Upgrade 730 m of storm sewers, add 38 CBs and re-grade a 
portion of Park St. 

$584 1.4 B 
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Priority Section Solution Description Cost 
(Thousands) 

Benefit: 
Cost 

EA 
Schedule 

14 Crawford Drive & 
Area Upgrade 670 m of storm sewers and add 26 CBs $479 1.3 A+ 

15 Monaghan Road 
& Area Upgrade 1900 m of storm sewers and add 44 CBs $1,261 1.2 A+ 

16 Sherburne Street 
& Area Upgrade 165 m of storm sewers, add 42 CBs $166 1.1 A+ 

17 Riverview Heights Upgrade 245 m of storm sewers and add 8 CBs $136 1.0 A+ 

18 Barker & Sherin 
Avenues 

Re-grade 185 m of roadway and the easement to the 
Otonabee River 

$88 0.9 A+ 

19 Perry Street Upgrade 830 m of storm sewer and add 4 CBs $472 0.8 A+ 

20 Southpark Drive Reconstruct roadway with curb and gutter $135 0.8 A+ 

21 Water Street & 
Area 

Upgrade 290 m of storm sewers, add 14 CBs and reconstruct 
Edinburgh St. 

$244 0.7 A+ 

22 Braidwood 
Avenue & Area Upgrade 930 m of storm sewers and add 10 CBs $637 0.6 A+ 

23 Harvey Street 
Re-grade roadway and overland flow easement to the 
Otonabee River 

$42 0.6 A+ 

24 Riverside Drive Reconstruct the roadway with curb and gutter $255 0.3 A+ 

25 Monaghan Road 
2 Add 8 CBs and install underground storage $897 0.5d B 

26 Fisher Drive 
Construct a 190m long flood protection berm to prevent water 
from entering the building 

$4 154e B 

a. The recommended improvements to the Park Street sewer south of Braidwood Avenue should occur prior to the upgrades on Prince and 
Princess Streets, as the Prince and Princess Street upgrades will increase flows to the storm sewer system 

b. The Romaine Street storm sewer between High Street and Monaghan Road should be replaced prior to the recommended improvements 
on High Street and Chamberlain Street , as the improvements will increase flows to the Romaine Street storm sewer system 

c. The Romaine Street storm sewer from Park Street to Little Lake should be replaced prior to the recommended improvements on 
Chamberlain Street and Park Street, as the improvements will increase flows to the Romaine Street storm sewer system 

d. The underground storage recommended on Monaghan Road is needed to prevent flooding impacts to the existing property on the west 
side of Monaghan Road.  However, the majority of the runoff to this area is generated by the same property.  The works should therefore 
be implemented on site by the property owner, and is therefore a low priority project for the City to undertake 

e. The berm recommended to protect the building on Fisher Drive from high water levels in the open channel to the north must be located on 
the flood prone property.  As the berm will protect only the affected building from flooding, the works should be undertaken by the property 
owner and therefore the project is a low priority for the City to undertake 

f. Priority projects 6, 10, 18 and 23 all require works within the existing roadway easement; in determining the EA Schedule, these 
easements are considered to be within the existing roadway right-of-way 
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7.2 Additional Recommendations 

In addition to the Recommended Projects set out above, we also recommend the City consider the following items 
which will enhance the success of Flood Damage reduction within the Study area: 

Maintenance: Enhanced maintenance of the storm sewer system (catchbasin cleanouts, CCTV inspections, sewer 
flushing) is recommended to ensure that the capacity of the existing and proposed upgraded storm sewer systems is 
fully available. All of the major road cross culverts through the rural portions of the study should also be regularly 
inspected and maintained to reduce the potential for reduced capacity due blockage by sediment and debris. 

Stormwater Management for New Development:  Stormwater management controls are recommended for new 
development to prevent any increases in peak flow rates in drainage courses for up to the 100 year storm event.  
Pre and post development peak flow rates in the specific drainage course should be evaluated both at and 
downstream of the outlet from the development.  It is noted that the functional servicing plans for the proposed 
Coldsprings Secondary Plan area, located east of the Otonabee River and south of Highway 7&115, appear to 
include adequate stormwater management controls.  

Current City of Peterborough guidelines for the design of minor and major drainage systems are adequate to prevent 
flood damages along the major overland flow routes.  However, it is recommended that the guidelines be clarified to 
ensure that there is an adequate, flood free overland flow route where runoff from new or re-development areas 
travels through existing developed areas before reaching the receiving watercourse.  The adoption of low impact 
development stormwater management practices should also be encouraged in re-development projects.   

Sanitary Backup: Sanitary sewer back-up risk within the City of Peterborough remains a subject of interest to both 
the insurance industry and residents.  Implementation of the recommendations of this, and the other storm system 
studies the City has commissioned, will reduce surface water flood damages.  However, there will still be some 
potential for flood damages due to sanitary sewer back-up.  The City has initiated a Detailed Sanitary Sewer 
Environmental Assessment to determine the key causes of sanitary sewer back-up, and to develop a plan to mitigate 
potential damages from sanitary sewer back-up.   

Sedimentation in Neal Drive Culvert: Drainage channel from a residential area north of Highway 7&115 and east 
of the Otonabee River flows southward to the wetland complex south of the City via culverts under Highway 7&115, 
Neal Drive and the railway.  During the field investigations in the fall of 2010, significant sedimentation was observed 
in the twin culverts under Neal Drive.  The excessive sedimentation may be due in part to a significant backwater 
from the wetland complex that extended to north of Neal Drive.  Water levels at the rail crossing were above the top 
of the culvert and only slightly below the base of the rails.  The analyses completed for this flood reduction study 
accounted for the existing level of sediment in the culverts.  While no buildings are predicted to be impacted from 
flooding, Neal Drive is expected to be overtopped by the 50 year storm event.  Of more concern is a further 
reduction in capacity of the culverts due to continued sediment accumulation in the culverts.  Further investigation is 
recommended, in co-operation with the Township of Otonabee-South Monaghan, to determine the cause of the high 
water levels in the wetlands (beaver dams, debris jams, etc) and assess options to lower normal water levels in the 
system. The MNR should be consulted before undertaking any activities to lower water levels in the downstream 
wetlands.   

Cleanout of the Neal Drive culvert is also recommended.  However, as the watercourse contributes to fish habitat, 
the ORCA and DFO should be consulted prior to undertaking any work to determine timing restrictions and 
appropriate techniques for any sediment removal.   
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Climate Change:  The effects of climate change could contribute to changes in the duration, frequency and intensity 
of rainfall expected over the City of Peterborough.  The City of Peterborough does not have a Corporate Strategy on 
Climate Change.  Until such a policy is established the City should continue to implement engineering best practices 
when preparing detailed designs for the recommended projects.  In the absence of a corporate policy consideration 
should given to potential climate change impacts when preparing detailed designs for the recommended projects.  
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