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EXECUTIVE SUMMARY 
Study Background and Study Area Description 
Dillon  Consulting  Limited  (Dillon)  was  retained  by  the  City  of  Woodstock  (the  City)  to  address  ongoing  
drainage concerns in the Norwich and Warwick neighbourhoods. Since 2006, the area has experienced two 
major storm events leading to wide-spread flooding of basements, yards, and local streets. Most recently, 
both neighbourhoods experienced extensive flooding on July 28, 2010, when 125 mm of rain fell within a 
4-hour  period.  As  a  result  of  these  and  other  historical  storm  events,  portions  of  the  City’s  sewer  
infrastructure have been overwhelmed with surface water runoff and many basements in the Norwich and 
Warwick neighbourhoods flooded. In September 2010, residents of the area successfully petitioned City 
council and City staff to initiate a study that would investigate the cause and recommend mitigation for 
chronic flooding problems. 

Following the requirements of the Municipal Class Environmental Assessment (EA) (2000) for a 
Schedule “B” project, the Norwich and Warwick Area Flooding Study examines the causes and identifies 
several preferred solutions to mitigate the potential for future flooding in these areas. 

The Flooding Study’s objectives are to: 
• Determine the cause of yard and basement flooding within the Norwich and Warwick Study 

Areas 
• Review the performance of existing sewer infrastructure servicing the Study Areas 
• Identify drainage and infrastructure improvements to reduce the potential for yard and 

basement flooding. 

Norwich Study Area 
The Norwich Study Area consists of a mix of industrial, commercial and residential land uses surrounding 
the CNR railroad. The Brick Ponds Provincially Significant Wetland (PSW) complex, located southeast of the 
Study Area, also plays an important role in the storm drainage system performance. The topography in the 
area follows a shallow valley profile, draining east to west along the CNR tracks. 

The Norwich area is part of a larger stormwater system covering approximately 349.2 ha. The stormwater 
network is characterized as a vast collection of small to medium-sized systems, interconnected through 
sections of underground pipes, open-channels, and culverts. In total, there are 17 identified sub-systems 
contributing to the hydraulic performance in the Norwich Study Area. 

Warwick Study Area 
The Warwick Study Area is predominantly single-family homes. A majority of the homes in the area are 
between  40  and  60  years  old.  Located  within  a  low-lying  area  of  the  City  of  Woodstock,  the  general  
topography surrounding the Study Area directs overland and storm sewer flows to the lowest points in the 
watershed. These include the intersection of Warwick/Cambridge, the rear-yards north-east of 
Warwick/Chesham, and Sloan Park just north of Sloan Street. 

The  existing  storm  sewer  infrastructure  in  the  area  is  a  combination  of  old  tile  drainage  systems,  new  
storm sewers and sanitary services. Portions of the surface drainage system was not designed to handle 

the peak flows and runoff volumes produced by recent high-intensity rainfall events and runoff from 
urbanized areas consisting of medium to high levels of imperviousness. 

Municipal Class EA Process 
Municipal water and wastewater projects must meet the requirements of the Ontario Environmental 
Assessment Act. The Municipal Class Environmental Assessment (EA), approved under the EA Act in 
October 2000 (amended in 2007), applies to a group or “class” of municipal projects that occur frequently 
and have relatively minor and predictable environmental impacts. These projects are approved under the 
EA Act, as long as they are planned, designed and constructed according to the requirements of the Class 
EA document. 

The Norwich and Warwick Area Flooding Study followed the requirements of the Municipal Class EA for a 
Schedule “B” project. Schedule “B” projects include public and agency review consultation, an evaluation 
of alternatives, an assessment of the effects on the environment, and an identification of reasonable 
measures to mitigate any adverse effects. Through a Schedule “B” EA, projects have the potential for 
some adverse impacts and are approved under the EA Act provided they follow Phases 1 and 2 of the 
Class EA process and are “screened.”  The Flooding Study documents the screening process and will be 
placed on the public record for a 30-day review period. The City will consider all comments received from 
the public and agencies during the review period. Following the adoption of the Municipal Class EA by City 
Council, the projects identified in the improvement strategy may proceed through the rest of the Class EA 
process. 

Existing and Projected Environmental Conditions 
The Flooding Study summarizes the Study Area’s existing and projected environmental conditions 
potentially affected by the servicing improvements evaluated as part of the planning process.  The 
information included was used to identify servicing needs and prepare the ‘Problem Statement,’ identify 
and evaluate alternative solutions and evaluate the impacts of the recommended solutions on the ‘full 
scope of the environment’, as defined in the Environmental Assessment Act.  Existing and projected 
environmental conditions were summarized according to the following subject matter: 

• Terrestrial and Aquatic Resources 
• Geology and Surficial Soils 
• Topography and Major Overland Flow Routes 
• Fill Areas and Former Landfill Sites 
• Cultural Resources 
• Current Development Activity. 

The key environmental feature within the Norwich study area is the Brick Pond Provincially Significant 
Wetland Complex.
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Engineering Considerations 
The Warwick and Norwich Flooding Study included a thorough examination of existing storm drainage 
infrastructure within the study areas.  The review focused on identifying potential capacity bottlenecks in 
the storm drainage system that services both the City owned right-of-ways and private lands.  The 
hydraulic  assessment  completed  as  part  of  this  project  was  validated  with  site-specific  storm  sewer  
manhole investigations, CCTV video inspection and the distribution of a property owner flooding survey. 
The flooding survey was distributed to approximately 300 residents within the two study areas. 
145 survey responses were received from residents of the Norwich and Warwick study areas.  The detailed 
analysis of the flooding survey responses are included the study report. 

Public and Agency Consultation 
Public and agency consultation occurred throughout the EA process and was incorporated, where possible, 
in the Problem Statement and identification and evaluation of alternative solutions. 

A Study Commencement Notice was mailed to the project Contact List and approximately 300 property 
owners within the Warwick and Norwich study areas on March 8, 2011.  The notice was also placed in the 
local newspaper publication ‘The Woodstock Sentinel’ by City staff members that same week.  A copy of 
the flooding survey and general comment form accompanied the mailed version of the notice.  No replies 
were received from the general public in response to the newspaper notice. Several email requests were 
received from members of the public outside the formal study areas that the study be expanded to include 
their properties. As a result the study limits for the Warwick study area was expanded to include the 
residential neighborhood in the area of Berkshire Drive. Dillon received comments from four agencies, 
with most requesting to be kept informed.  Site specific information was received from Upper Thames 
River Conservation Authority relating to the Brick Pond PSW complex. 

A Public Information Centre (PIC) was held on June 15, 2011, from 4:00 p.m. to 7:00 p.m. at the Woodstock 
Museum (Grand Hall). During the informal drop-in session, Dillon and City staff were available to explain 
the displays, record comments and answer questions. The purpose of the PIC was to: 

• Introduce the study and outline the study process 
• Provide background information on the need for improvements, including presentation of some 

preliminary recommendations 
• Obtain input on existing concerns in the Study Areas 
• Outline next steps in the study. 

Approximately 45 people attended the PIC. The majority of those in attendance were residents from the 
Warwick Study Area. The owners and operators of Norwich Recyclers attended the PIC and presented 
Dillon and City staff with a binder of photos and notes from various flooding events that have had a direct 
impact on the yard and building facility. Several home owners within the Warwick study area also provided 
photos of historic and recent flooding events affecting their properties. 

Norwich Study Area 
Comments received from residents of the Norwich Study Area suggest that flooding-prone locations 
include: 

• The north and south side of the CN rail corridor 
• The intersection of Water and Teeple Street 
• The Norwich Recycling property south of Water Street. 

Warwick Study Area 
Comments received from residents of the Warwick Study Area suggest that flooding-prone intersections 
and yards include: 

• Warwick and Cambridge intersection 
• Belgrave and Warwick Street intersection, including backyards between Warwick and Belgrave 

Streets 
• Backyards between Sydenham Street and St. Albans Crescent. 

Other comments received from the public participants included: 
• Drainage infrastructure in the rear yards is not performing as designed.  Several rear yard catch 

basins are elevated above ground level and do not provide adequate drainage of surface water 
flows 

• Vimmy Place generally floods before Warwick Street begins to flood.  Homes on Vimmy Place 
have experience multiple basement flooding incidence over the last 20 years 

• Many backyards off of Vimmy Place experience extensive rear yard flooding due to inadequate 
drainage of rear yard areas 

• Catch basins near the intersection of Belgrave and Warwick, installed by the City, have not 
improved drainage characteristics.  It was speculated that the underground infrastructure was 
already overloaded 

• Suggestion  that  the  City  consider  the  use  of  a  holding  tank  to  temporarily  store  water.  
Brompton Park stormwater management pond seems to be working well 

• The walkway between Vimmy Place and Warwick has two catch basins that are completely 
covered with debris.  Requests for the City to clean out the catch basins have been made 

• Some drainage infrastructure on private property connected to City infrastructure is not 
functioning properly or is not sized to adequately handle steady rainfall or flash thaws in the 
winter 

• Storm drainage along the CN corridor is inadequate.  Undersized culverts through the railway, 
draining to the drainage channel along the south side of the corridor, cause flooding to the 
north 

• Storm drainage along the north side of the CN corridor from east of Norwich Recycling cannot 
drain through an existing culvert, accumulates and then spills onto the Norwich Recycling 
property.  Berming measures have been put in place but have not completely relieved the 
drainage problems 

• Every time it rains a rush of water comes down the side streets and inundates Water Street. 
Because the roadway is higher than the residential properties to the south, they are the first to 
receive floodwaters when the catch basins on the roadway cannot handle the flows.
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The second Public Information Centre (PIC) was held on November 23, 2011, from 4:00 p.m. to 7:00 p.m. 
at the Woodstock Museum (Grand Hall). During the informal drop-in session, Dillon and City staff were 
available to explain the displays, record comments and answer questions. The purpose of the PIC was to: 

• Introduce the study process and provide a status update 
• Introduce alternative solutions considered as part of the study 
• Collect feedback on alternative solutions 
• Outline next steps in the study. 

Approximately 40 people attended the PIC. The majority of those in attendance were residents from the 
Warwick Study Area. Dillon and City staff provided an overview presentation and summarized each of the 
alternatives presented at the PIC. The presentation included a description of the evaluation criteria used to 
rank the potential alternative solutions, a summary of the evaluation process, and presentation of the 
technically recommended alternative for the Norwich and Warwick study areas. 

The Norwich and Warwick Area Flooding Study, along with a Notice of Completion, will be placed on the 
“public record” for a 30-day public and agency review period. Any input received during the 30-day review 
period will be incorporated into the future phases of the Class EA planning, design and construction 
process by the City of Woodstock. 

Problem/Opportunity Identification 
Phase 1 of the Municipal Class EA process consists of “Problem/Opportunity Identification” and provides 
the justification of the need for infrastructure upgrades and improvements. The Problem Statement 
included in this section identifies the key storm sewage servicing deficiencies of the Study Areas. The 
statement is based on the analysis of existing and projected environmental conditions (Section 2), 
engineering considerations conditions included in Sections 2 and 3 and public and agency consultation 
documented in Section 4 of this report. 

The following section summarizes problems, opportunities and provides the justification for the City of 
Woodstock to undertake the Norwich and Warwick Area Flooding Study Municipal Class EA. 

• Infrastructure Upgrades and Local Improvements 
• Basement and Yard Flooding 
• Potential Redevelopment and Urban Intensification 
• Adaptation to Climate Change. 

The following Problem Statement was developed for the Master Plan: 
The residents of the Warwick and Norwich study areas within the City of Woodstock have suffered from 
chronic flooding of basements and yard over the past 30 years. Recent high-intensity rainfall events and 
the continuously changing impact of climate change have resulted in wide-spread street, yard and 
basement flooding during high-intensity rainfall events. The street, yard and basement flooding is a 
result of poorly defined major overland flow routes and deficient storm drainage system capacity 
currently servicing both the Warwick and Norwich Study areas. In addition to flooding concerns, portions 
of the existing road and sewer infrastructure within the study areas will be reaching the end of its design 
life and will require replacement or rehabilitation. Stormwater runoff currently discharges to the Thames 

River at Pittock Lake and Cedar Creek through an extensive network of existing storm sewers with little 
or no stormwater quality measures in place. Future development or urban intensification of open space 
within the Warwick study area and along the CN rail corridor in the Norwich study area are limited due 
to the lack of storm and sanitary servicing capacity. Based on these considerations the Study Areas 
require short and long term storm servicing improvements, and an overall plan to implement these 
improvements. 

Alternative Solutions and Design Concepts 
Phase 2 of the Municipal Class EA process consists of the identification and evaluation of alternatives 
which could potentially solve the problems identified in Phase 1. At the end of Phase 2, preferred solutions 
were  chosen  by  the  City  of  Woodstock  and  “put  together”  to  form  a  Storm  Servicing  Improvement  
Strategy for the Norwich and Warwick study areas. The plan includes a recommended storm servicing 
option and stormwater management strategy, including a conceptual stormwater management facility 
configurations aimed at reducing the flooding potential within the two neighborhood areas. 

Activities completed during Phase 2 included the following: 
• Evaluation of a long-list of planning alternatives for the management of storm flows 
• Evaluation of options for infrastructure replacement 
• Identification of options for storm water management facilities (detailed evaluation will be part 

of a following Schedule “B” Environmental Screening) 
• Phasing of improvements, including short and long term measures to implement storm sewer 

servicing improvements and reduce flooding potential 
• Development of an overall phasing plan to assist with decisions related other capital works and 

infrastructure improvements. 

Dillon developed the following list of planning alternatives for managing stormwater within the Norwich 
and Warwick Study Areas: 

Warwick Study Area 
Alternative 1 Warwick/Cambridge Street Underground Storage Stormwater Management Facility. 
Alternative 2 Warwick/Cambridge Street Underground Storage Stormwater Management Facility with 

controled surface storage within City right-of-way. 
Alternative 3 Storm sewer upgrade from Warwick/Cambridge to Pittock Lake. 
Alternative 4 Upgraded Warwick storm sewer to new Stormwater Management Facility in Sloane Park. 
Alternative 5 Strategically located Stormwater Management Facilities and Upgrade of Hughson Street 

Storm Sewer. 
Alternative 6 Do Nothing.  The do nothing alternative does not provide any relief of flooding in the 

Warwick study area it has been dismissed as a potential solution.  For this reason the do 
nothing alternative was not included in the alternative evaluation included in the following 
section.
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Norwich Study Area 
Alternative 1 Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief 

Sewer on Water Street. 
Alternative 2 Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief 

Sewer on Water Street in Combination with Stormwater Management Facility in James 
Street Park. 

Alternative 3 Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief 
Sewer on Water Street in Combination with Stormwater Management Facility in James 
Street Park including diversion of Storm Outfall from Tom Black Boulevard. 

Alternative 4 Do Nothing.  The do nothing alternative does not provide any relief of flooding in the 
Norwich study area it has been dismissed as a potential solution.  For this reason the do 
nothing alternative was not included in the alternative evaluation included in the following 
section. 

Recommended Planning Alternative 
Based on the evaluation of the planning alternatives, the recommended alternative for managing 
basement and yard flooding within the Warwick study area is Alternative 5, Strategically Located 
Stormwater Management Facilities with Upgrades to the Hughson Street Storm Sewer.  The recommended 
alternative for managing surface water flooding within the Norwich study area is Alternative 3, Water 
Street Major Flow Relief, James Street Park Stormwater Management Facility with the Diversion of the 
Existing  Tom  Black  Storm  Sewer.   After  receiving  a  number  of  additional  comments  from  the  City  of  
Woodstock, minor modifications were made to each of the recommended alternatives.  No additional 
alternatives where developed for consideration during Phase 2 of the Environmental Assessment. 

Although at the project onset, it was anticipated that the flooding study would recommend one 
improvement project for each of the study areas, the combination of several management strategies 
proved to have merit and were explored.  The combination of strategies required the development of an 
overall implementation strategy that reflected the City’s long term capital expenditure program. 

Phasing of Improvement Works 
The stormwater management strategy for the Warwick and Norwich study areas have been developed 
based on the preferred concepts described in the study report.  The following section briefly describes the 
recommended phasing, listed in order of priority, of improvement works related to the recommended 
planning alternatives for the study areas and other considerations for detailed design and construction. 

Warwick Study Area 
Alternative 5 - Phase 1 Hughson Street Reconstruction and Storm Infrastructure 
Improvements 
Road Reconstruction – 700 m @$730/m $ 511,000.00 
Trunk Storm Sewer Installation – 700 m $ 340,500.00 
Alternative 5 - Phase 2 DM Sutherland Underground SWM Facility Expansion 
100 yr 100% Underground SWM Facility – 1132 m3 $ 315,000.00 
STM Reconfiguration and Flow Split MH $ 50,400.00 
Alternative 5 - Phase 3 Full OR Partial Underground SWM Facility at Warwick and 
Cambridge 
100 yr 100% Underground SWM Facility – 800 m3 $ 400,000.00 
100 yr Partial Underground SWM Facility with Above 
Ground Storage within Cambridge Street Right-of-Way – 
300 m3 $ 150,000.00 
Alternative 5 - Phase 4 Fairgrounds Track SWM Facility 
100 yr SWM Facility – 2500 m3  Dry Pond $ 92,500.00 

Norwich Study Area 
Alternative 3 - Phase 1 Channel Improvements 
Rail Corridor Drainage Channel Cleanout – 350 m $ 220,750.00 
Alternative 3 - Phase 2 Major Flow Diversion System on Water Street 
Secondary STM and Road Reconstruction $ 184,500.00 
Alternative 3 - Phase 3 Norwich Recycling Flood-Proofing 
Flood Protection Grading Work and Local Berming $ 15,000.00 
Alternative 3 - Phase 4 James Street SWM Facility 
100 yr SWM Facility – 12000 m3 Dry Pond $ 224,500.00 

The following activities are required as part of the detailed design phase of the project: 
• Topographic and Legal Surveys 
• Confirm Property Request Plans 
• Utility Relocation Plans 
• Liaison with utilities to confirm need and timing for relocations 
• Confirm property required and review with property owners (if applicable) 
• Complete Stage 2 Archaeological Assessment and further assessments if required 
• Complete Landscape Plan 
• Review stormwater management plan for lands within CN corridor and review maintenance 

plan with CN during detailed design of the Phase 1 improvements.
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City of Woodstock Non-Capital Works Program Recommendations 
In addition to the capital works programs to be implemented over the coming years, a number of non-
capital works programs have been identified which may help mitigate flooding prior to major upgrades 
being completed.  The majority of these improvements have the ability to be completed in a relatively 
short time frame, at low cost and by City operations staff.  In summary the recommended improvements 
include: 

• Sanitary maintenance hole lid retrofits using Parson Environmental Rainstopper Inserts in areas 
of problematic roadway flooding. 

• Storm sewer rear yard investigations and minor improvements in four general areas within the 
Warwick study area.  Investigations include CCTV video inspection and condition assessment as 
well as minor grading/adjustments of existing rear yard catch basins. 

• Storm sewer catch basin inlet capacity improvements for specific catch basins within the City’s 
road right-of-way on Cambridge, Warwick, Berkshire, James and Water Street. 

• Storm sewer system improvements using Tideflex Checkmate inline sewer backwater valves to 
isolate the Cambridge storm sewers from one another and prevent surcharging through existing 
foundations drains. 

Development of City of Woodstock Sump Pump and Back-Flow Prevention Valve Subsidy Program 
As part of the Warwick and Norwich area flooding study the basic components of a City of Woodstock 
sump pump and back-flow prevention valve subsidy program have been developed.  The framework 
presented in the EA document summarizes the financial aspects of a subsidy program, eligibility criteria, 
and specific flooding prevention methods for property owners.  The program recommendations are 
preliminary in nature and require further development prior to adopting it as standard policy for the City 
of Woodstock. 

City of Woodstock Property Owners – Suggestions on Protecting Your Home from Flooding 
The final component of the Norwich and Warwick area flooding study included preparation of a public 
information package suggesting ways in which a property owner can protect their home against sanitary 
back-ups, flooding, and potential water damage.  The information package will be distributed to 
approximately 300 property owners within the study areas with the project completion notice as a 
single-page glossy print document.  A link will also be provided for general public information on the City 
of Woodstock website.
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1.0 Introduction 
1.1 Background and Purpose 
Dillon Consulting Limited (Dillon) was retained by the City of Woodstock (the City) to address ongoing drainage concerns in the Norwich and Warwick neighbourhoods. Since 2006, the area has experienced two major 
storm events leading to wide-spread flooding of basements, yards, and local streets. Most recently, both neighbourhoods experienced extensive flooding on July 28, 2010, when 125 mm of rain fell within a 4-hour period. 
As a result of these and other historical storm events, portions of the City’s sewer infrastructure have been overwhelmed with surface water runoff and many basements in the Norwich and Warwick neighbourhoods 
flooded. In September 2010, residents of the area successfully petitioned city council and city staff to initiate a study that would investigate the cause and recommend mitigation for chronic flooding problems. 

Following the requirements of the Municipal Class Environmental Assessment (EA) (2000) for a Schedule “B” project, the Norwich and Warwick Area Flooding Study examines the causes and identifies several preferred 
solutions to mitigate the potential for future flooding in these areas. The Flooding Study’s objectives are to: 

• Determine the cause of yard and basement flooding within the Norwich and Warwick Study Areas 
• Review the performance of existing sewer infrastructure servicing the Study Areas 
• Identify drainage and infrastructure improvements to reduce the potential for yard and basement flooding. 

The City has recently completed a Municipal Class EA with similar purposes through the Brompton Park Storm Drainage Class EA (Earth Tech Canada Inc., April 2007). The study, which focused on an adjacent area, resulted 
in the implementation of a dry storage pond in Brompton Park to contain stormwater during regular storm events. The Brompton Park area is located to the north east of the Study Areas. 

1.2 Study Area Description 
As shown on Figure 1, the formal Study Area for the Flooding Study consists of the Norwich and Warwick neighbourhoods. This Study Area was extended to include adjacent drainage areas (referred to as influence areas) 
which impact the sewer modeling, analysis and identification of improvement opportunities being considered for the ‘core’ Study Area. Influence areas are also shown on Figure 1. The study areas include approximately 
300 private land owners including residential, commercial, industrial and institutional lands. 

Norwich Study Area 

The Norwich Study Area consists of a mix of industrial, commercial and residential land uses surrounding 
the CN railroad. The Brick Ponds Provincially Significant Wetland (PSW) complex, located southeast of the 
Study Area, also plays an important role in the stormwater system performance. The topography in the 
area follows a shallow valley profile, draining east to west along the CNR tracks. 

The  Norwich  area  is  part  of  a  larger  stormwater  system  covering  approximately  349.2  ha.  The  entire  
drainage area associated with the Norwich study area, labelled the ‘influence area,’ is highlighted in 
Figure 1.  The stormwater network is characterized as a vast collection of small to medium-sized systems, 
interconnected through sections of underground pipes, open-channels, and culverts. In total, there are 
17 identified sub-systems contributing to the hydraulic performance in the Norwich Study Area. 

Warwick Study Area 

The Warwick Study Area is predominantly, dominated by single-family homes. A majority of the homes in 
the area are between 40 and 60 years old. Located within a low-lying area of the City of Woodstock, the 
general topography surrounding the Study Area directs overland and storm sewer flows to the lowest 
points in the watershed. These include the intersection of Warwick/Cambridge, the rear-yards north-east 
of Warwick/Chesham, and Sloan Park just north of Sloan Street. 

The existing storm sewer infrastructure in the area is a combination of old tile drainage systems, new 
storm sewers and sanitary services. Portions of the surface drainage system was not designed to handle 
the peak flows and runoff volumes produced by recent high-intensity rainfall events and runoff from 
urbanized areas consisting of medium to high levels of imperviousness.   The drainage area associated with 
the Warwick study area, labeled the ‘influence area,’ is highlighted in Figure 1.
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Figure 1: Norwich and Warwick Study Areas

Figure 1: Warwick and Norwich Study Areas
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1.3 Class EA Process 
Municipal water and wastewater projects must meet the requirements of the Ontario 
Environmental Assessment Act. The Municipal Class Environmental Assessment (EA), approved 
under the EA Act in October 2000 (amended in 2007), applies to a group or “class” of municipal 
projects that occur frequently and have relatively minor and predictable environmental impacts. 
These  projects  are  approved  under  the  EA  Act,  as  long  as  they  are  planned,  designed  and
constructed according to the requirements of the Class EA document. 

The Norwich and Warwick Area Flooding Study followed the requirements of the Municipal Class 
EA for a Schedule “B” project. Schedule “B” projects include public and agency review 
consultation, an evaluation of alternatives, an assessment of the effects on the environment, and 
an identification of reasonable measures to mitigate any adverse effects. Through a Schedule “B” 
EA, projects have the potential for some adverse impacts and are approved under the EA Act 
provided they follow Phases 1 and 2 of the Class EA process and are “screened.” 

Phase  1  of the process consists of “Problem or Opportunity Identification” and provides the 
justification of the need for future infrastructure upgrades and improvements. The Norwich and 
Warwick Area Flooding Study conducted an investigation which included site visits, public 
consultation, stormwater sewer monitoring and modeling to identify the flooding causes. Phase 1 
also included a mailed-in survey which collected valuable information on current and past 
performance issues in both Warwick and Norwich study areas. 

Phase  2, “Alternative Solutions,” consists of the identification and evaluation of alternatives to 
solve the problems identified in Phase 1. To avoid or minimize adverse impacts, the Schedule “B” 
screening process involves the identification and evaluation of design options; preparation of an 
inventory of the potentially affected social, cultural, natural, and economic environments; public 
and agency consultation; and the selection of preferred design solution. Dillon identified 
alternative solutions and presented them to the public through a Public Information Centre (PIC). 
The PIC satisfied two purposes by informing the stakeholders on the possible solutions and collecting valuable feedback on the various social, cultural, and economic implications of each solution. The present report also 
evaluates the alternative solutions and, consequently, provides recommendations on the preferred alternative for each study area. 

The Flooding Study documents the screening process and will be placed on the public record for a 30-day review period. The City will consider all comments received from the public and agencies during the review period. 
Following the adoption of the Municipal Class EA by City Council, the projects identified in the improvement strategy may proceed through the rest of the Class EA process as shown on Figure 2. 

Figure 2: Schedule B - Municipal Class EA

Phase 1 Identify the problem and opportunities. 

Completed Phases Phase 2

Analyze Alternative Solutions 

Identify reasonable alternative solutions to the problem I opportunity. 

Inventory natural, social, cultural, and economic environment. 

Identify impacts of the alternative solutions on the environment and mitigating measures. 
Evaluate the alternative solutions and identify the recommended solutions. 

Consult review agencies and the public. 

Select the preferred solution. 

Phase 3 

Alternative Design Concepts for the Preferred Solution 

Identify alternative design concepts for the preferred solution. 
Detailed inventory natural, social, cultural, and economic environments. 

Identify the impact of the alternative designs after mitigation. 

Evaluate alternative designs and identify recommended design. 

Consult review agencies and the public. 

Pending Phases Phase 4 

Environmental Study Report (ESR) 

Document Phases 1 to 3 in the ESR. 
Notice of Completion: Notify the public and review agencies of completion of the ESR and 

the Part II order provision in the Environmental Assessment Act. 

Make ESR available for the required 30-day review period. 

Phase 5 

Implementation 

Complete contract drawings. 

Proceed to design I construct the project. 
Monitor for environmental provisions and commitments. 
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2.0 Existing and Projected Environmental Conditions 
2.1 Introduction 
This section of the report provides a summary of the Warwick and Norwich Study Area’s existing and projected environmental conditions potentially affected by the servicing improvements outlined in this study. The 
information included in this section was used to: 

• Identify servicing needs and prepare the ‘Problem Statement’ 
• Identify and evaluate alternative solutions 
• Evaluate the impacts of recommended solutions on the full scope of the ‘environment’, as documented in later sections of this report. 

2.2 Natural Features 

2.2.1 Terrestrial and Aquatic Resources 
Typical of other urbanized areas within the City of Woodstock, the Warwick and Norwich study areas can be characterized as having 
limited natural vegetation. However, several remnant woodlots exist within the study area, included an old-growth deciduous tree 
stand located in Sloane Park along the northerly limit of the Warwick study area (refer to Figure 3). The study areas lie within two 
different watershed areas. The Warwick study area falls within the ‘North Woodstock’ subwatershed while the Norwich study area 
falls within the Cedar Creek subwatershed. Both subwatersheds are located within the Upper Thames River (South Branch) 
watershed and are under the jurisdiction of the Upper Thames Valley Conservation Authority. Secondary source information and a 
letter obtained from Upper Thames River Conservation Authority (UTRCA) confirmed the Warwick study area does not contain any 
Areas of Natural and Scientific Interest (ANSIs), Environmentally Sensitive Areas (ESAs), significant wetlands or any other lands 
regulated by the conservation authority. 
Figure 3: Woodlots within the Warwick Study Area 

In the same correspondence UTRCA confirmed that the Norwich study area contains a portion of the Brick Ponds Provincially 
Significant Wetland (PSW) and an associated Natural Heritage Significant Woodland. The Brick Pond PSW and its associated 
woodland areas are regulated by the Conservation Authority. The UTRCA regulates development within the regulated lands in 
accordance with Ontario Regulation 157/06 made pursuant to Section 28 of the Conservation Authority Act. The regulation requires 
proponents to obtain written approval from the UTRCA prior to undertaking any works in the regulated area including filling, 
grading, construction, alteration to a watercourse and/or interference with a wetland. The drainage channel along the south side of 
the CN rail corridor represents the final outlet for the Brick Ponds PSW but is not included in the regulated lands. Although 
improvements to the conveyance capacity of the system are not subject to approval by UTRCA future correspondence with the 
Conservation Authority is recommended prior to completion of works that might impact the wetland. The regulation limits 
associated with the Brick Pond wetland complex are illustrated in Figure 4. 

The Brick Ponds Wetland Complex has been described as one of Woodstock’s natural treasures. The 32 ha complex is comprised of a 
series of shallow ponds, flooded forest and meadow-marsh with soils saturated with water, supporting a wide variety of aquatic 
plants, amphibians, aquatic resources and avian population. The Brick Pond was created when clay was extracted from the ground in the 1950s and 60s. Later stormwater was diverted to the area from the north-east 
portion of Woodstock eventually filling in the depressions left from the clay extraction. Over time, water-loving plants and wildlife moved in while Woodstock became urbanized to the east. The MNR evaluated the 
complex in 1988 and classified it as provincially significant (Class 2) based on its biological, social, hydrological and the fact that it is a rather unique systems located within a highly urbanized watershed.



City of Woodstock
Warwick and Norwich Area Flooding Study Report

Dillon Consulting Limited – July 2012 – Project Number 11-4355             Page 5

Figure 4: Brick Pond Provincially Significant Wetland (PSW)
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2.2.2 Geology and Surficial Soils 

The study areas are located within the physiographic region of Southwestern Ontario known as the Oxford Till Plain. The till plain has well-marked valleys cut by glacial meltwater streams, including both Cedar Creek and 
the South Branch of the Thames River. The surface is drumlinized, notably in the area south of Woodstock, where the glacier overrode an older moraine and faint drumlins and fluting further north are evident. The 
drumlins within the City of Woodstock have a northwest alignment. The Woodstock drumlins are underlain by Bois Blanc limestone. The till is pale brown and there is some dolomite in it. The south branch of the Thames 
River rises in the long swamp west of Tavistock, flows east and then swings south eventually finding a spillway through Woodstock and Ingersoll. The Thames valley is about 2 km wide in this after and over 30 m deep, cut 
to  bedrock.  Cedar  Creek,  at  Woodstock,  is  the  only  important  tributary  entering  this  section  of  the  Thames  River.  It  drains  an  area  of  inter-morainal  swamp  to  the  south  of  the  city  and  at  times  creates  minor  flood  
conditions (Chapman & Putman, 1984). 

2.2.3 Topography and Major Overland Flow Routes 

As described in Section 2.2.2, much of Woodstock is characterized by moraines and faint drumlins aligned 
in a northwest direction, the Thames River valley and the Cedar Creek River valley. Figure 5 illustrates the 
dominant topographic features within Woodstock. The Norwich and Warwick study areas are also shown 
as an overlay on the regional digital elevation model (DEM). The figure confirms that the entire Warwick 
study area falls between two drumlins aligned in a north-westerly orientation. The highest ridges of the 
drumlin to the northeast of the Warwick study area are approximately 10 m higher than the trough in 
which the study area lies. To the southwest the drumlin ridge rises approximately 5 m above the lowest 
point in the trough before falling away to the southwest towards Cedar Creek. Also illustrated in Figure 5 is 
the faint topographic divide that lies between the Warwick and Norwich study areas. This topographic 
divide separates the North Woodstock and Cedar Creek subwatershed areas. 
Figure 5: Topographic Features within the Study Areas 

Figure 5 also illustrates the low-lying area surrounding the Brick Ponds Wetland Complex. These low lying 
areas are naturally occurring depressions adjacent to the main Cedar Creek river valley that have been 
exaggerated by artificial excavation of clay material during the 1950s and 1960s. The CN rail corridor 
further impacts the topography in the vicinity of the Norwich study area, creating an artificial drainage 
divide through the Brick Pond wetland and a portion of the Cedar Creek river valley. The rail corridor and 
the surrounding natural topography creates a funnel effect near the intersection of Norwich Ave and the 
rail corridor forcing surface water from the wetland complex along the south side of the railway towards 
Cedar Creek. Historic urbanization and rail construction likely forced the enclosure of most of the outlet 
system within large diameter storm sewers and culverts along the south of the rail corridor. 

The regional topography surrounding the Warwick and Norwich study areas has a significant impact on the drainage characteristics within each area. The natural and man-made topographic features within each study area 
result in discontinuous major overland flow routes that effect drainage patterns and conveyance of flows that exceed the capacity of local storm sewers. The entire Warwick study area lies within a depressed zone within 
two drumlins. Although the overall topography falls in a southeast to northwest direction the local topography does not allow for a continuous overland flow route out of the lowest portions of the depression near the 
intersection of Cambridge and Warwick Street. As noted, the Norwich study area is also heavily constrained by local topography, resulting in discontinuous overland flow routes and major overland flow routes that are 
forced through storm drainage infrastructure with discreet conveyance capacity. Similarly to the Warwick study area, drainage of major flows within the Norwich study area has to be facilitated by a system of storm 
sewers, culverts, channels and large diameter drainage enclosures. Ultimately, the performances of the local drainage systems within the Norwich area are constrained by the hydrologic characteristics of the Brick Pond 
wetland complex.
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Figure 6: Fill A

2.2.4 Fill Areas and Former Landfill Sites 

The County of Oxford Official plan provides constraint mapping that shows the location of existing and 
former landfill areas within the City of Woodstock. Figure 6 illustrates the location of two former waste 
disposal sites as identified by the Ministry of Environment and Energy. The two former waste disposal 
sites are located near the Fairgrounds property south of Warwick Street and east of Clarke Street and in 
the general vicinity of Tom Black Boulevard. Both locations fall within the Warwick and Norwich study 
areas. Also noted in Figure 6 are the locations identified as having former or existing industrial land uses. 
The general area of Norwich Ave and the CN rail corridor, within the Norwich Study area is highlighted 
accordingly. 

2.3 Cultural Resources 
The  community  was  first  settled  in  1800  after  Sir  John  Graves  Simcoe,  Governor  of  what  was  then  
known as Upper Canada, determined that the area was well suited as a town site. Simcoe envisioned 
Oxford as  one of  several  town sites  linked by a  military  road and a  system of  rivers  and canals.  Other  
town sites included London, Chatham and Dorchester, with London as the defensible capital. The 
military road stretching from Burlington Bay through Woodstock to London, provided an overland 
supply route for the safe movement of troops and settlers. This would offer inland access during an era 
when commerce and settlements depended on major waterways. Simcoe named this road Dundas 
Street after Henry Dundas, Viscount Mellville, Secretary of State for War and the Colonies. The early 
settlers were American immigrants from New York State. Increased immigration from Great Britain 
followed  in  the  1820s  and  1830s.  Woodstock  was  incorporated  as  a  town  in  1851.  At  the  time,  
municipalities automatically achieved City status once a population of 15,000 was reached. Woodstock 
achieved City status in 1901 with a population of 8,833 after petitioning the Provincial Legislature. The 
City of Woodstock then adopted the motto “Onward and Upward.” Although there are no sites of 
historical significance identified within the Norwich or Warwick study areas, a Stage 1 Archeological 
Screening assessment will be required to be completed prior to the construction of any improvement 
works recommended as part of this study. 

Figure 6: Fill areas and Former Landfill Sites 
2.4 Socio-Economic Environment 

2.4.1 County of Oxford Official Plan Existing Land Uses 

The County  of  Oxford is  composed of  eight  municipalities  and covers  an area of  2,028 km2  ,  having the City  of  Woodstock as  its  main urban centre.  In  1979,  the County  of  Oxford adopted its  Official  Plan (the Plan)  which contains goals, 
objectives and policies established primarily to manage and direct change and the effects on the social, economic and natural environment of the municipality (County of Oxford, 2009). The plan has been amended regularly since, with the 
current version being updated in 2009, to reflect the present challenges and future opportunities within Oxford County. 

Specifically, the Plan establishes land use planning principles, coordinating the current and future strategies for environmental and socioeconomic sustainable development. Among their land use objectives, the Plan states the following 
principles: 

• Maximizing the use of existing services and infrastructure 
• Promoting energy efficiency and protecting natural areas 
• Land use intensification 

• Integration of environmental considerations into land use planning 
• Improving community livability, function and design 
• Committing to public environment.
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Figure 7 displays the various residential, commercial and industrial land uses present in the City of Woodstock. The City displays a higher density in its historic central area, west of both Warwick and Norwich study areas, 
progressively reducing its density towards the edges. The dominant land uses towards the centre and north of the City are residential R1 and R2 (low density single-detached and semi-detached dwellings respectively). 
Woodstock also displays extensive industrial and commercial areas on the southeastern quadrant, adjacent to Highway 401 and Oxford Road 4. Throughout time, both study areas have experienced organic intensification 
and redevelopment, increasing the built area extents and affective the infrastructure level of service and natural environments. 

The Warwick Study area consists primarily of low density residential land uses. On the south side, it presents community facilities through the Fairgrounds Complex. The Warwick area is a fully-developed mature 
community without clear opportunities for large redevelopment. 

The Norwich study area contains of a mix of industrial, commercial and residential land uses surrounding the CNR railroad. Towards the east, the landscape is predominantly industrial, with factories and warehouses. 
Immediately north and south of the Norwich study area there are residential neighborhoods with single detached dwellings. 

Moreover, Norwich presents the only landlocked environmental protection area 
through the Brick Ponds PSW (refer to Section 2.2.1). The study area has tangible 
opportunities for future intensification towards the eastern industrial areas, 
having large patches of undeveloped land and good access to road infrastructure. 

Figure 7: Warwick and Norwich Flooding Study – City of Woodstock Land Use Plan 

2.4.2 Current Development Activity 
At the time of preparation of this report there wasn’t any current development 
activity on the horizon for either the Norwich or Warwick study areas.  The 
Warwick study area represents a predominantly residential area with limited infill 
development potential.  The Fairgrounds, along the south limit of the study area 
has undergone some intensification over the years but the remaining study area 
offers limited future development opportunities.   The Norwich study area has 
been subject to some infill development dating back about ten years.  With 
exception to the construction of residential houses along Tom Black Boulevard 
and potential intensification on City owned property east of the Works Facility, 
the Norwich study area also offers limited future development potential.

Figure 7: Warwick and Norwich Flooding Study – City of Woodstock Land Use Plan
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3.0 Engineering Considerations 
3.1 Background Review, Related Studies and Policy Considerations 
To date there have not been any master plans or studies completed on either the Norwich or Warwick study areas although a history of flooding in the area has been thoroughly documented over the years by various 
neighbourhood groups and by the local media. A large scale flooding study was completed by EarthTech on the Brompton Park drainage system in April 2007. The Brompton Park area has experienced similar backyard 
flooding compared to the Warwick study area and is located to the north-east of the Warwick study area. The Brompton Park Municipal Class EA recommended construction of a stormwater management facility designed 
to provide relief of storm flows generated within the local drainage areas. The primary beneficiaries of the drainage improvements were the residents around the perimeter of Brompton Park that had been experiencing 
surface flooding within the park for many years. 

The following sections provide a brief overview of the City of Woodstock’s Official Plan policies, Zoning regulations for the study area and approval requirements for key regulatory agencies. 

i) MOE Design Guidelines for Sewage Works 2008 
These guidelines are intended to assist in the preparation of sewer system designs.  All new sewers constructed in Ontario should be of separate type, with stormwater and groundwater flow being excluded from sanitary 
sewers to the maximum extent.  Stormwater and groundwater flow consists of rain, water from roofs, streets and other areas and groundwater from foundation drains.  New storm drainage systems will not be permitted 
to connect to existing combined sewers.  This project is subject to municipal sewerage servicing works which require Certificates of Approval under the Ontario Environmental Protection Act (EPA). 

ii) MOE Stormwater Management Planning and Design Guidelines 2003 
These guidelines are intended to assist in the preparation of stormwater management systems designs.   All stormwater management facilities constructed in Ontario are subject to review and approval by the MOE and 
require Certificates of Approval under the Ontario Environmental Protection Act.  The MOE administers the EPA and requires a formal application to obtain a Certificate of Approval for most stormwater management 
systems that may be recommended by this study. 

iii) City of Woodstock Official Plan and Zoning Bylaw 
The Official Plan for the County of Oxford contains objectives approved by Council to guide short and long term development of lands within the County Boundary.  It provides direction for the allocation of land use, 
provision of services and facilities and regulatory bylaws to control the use of land, having regard for social, economic and environmental matters.  The Official Plan designates the majority of the study areas residential, 
commercial, industrial, institutional and open space.  Section 6.3.4 Public Utility Installations states that public utilities are permitted in all zone categories.  The recommendations from this study are not likely to trigger a 
Zoning Bylaw Amendment. 

iv) City of Woodstock Municipal Code 
The Canadian Municipal Code is a compilation of the most active bylaws of the City of Woodstock.  The Municipal Code of the City of Woodstock was adopted by Bylaw Number 6790-90 of the Municipal Council and was 
enacted on December 20, 1990 and amended in February 2012.   The City of Woodstock’s Municipal Code regulates connections to the public sewerage works.  The City of Woodstock Municipal Code includes 
requirements for stormwater discharge to public infrastructure. 
v) Provincial Policy Statement 
The PPS was issued under Section 3 of the 1996 Planning Act and came into effect March 1, 2005.  All municipal planning decisions must be “consistent with” the PPS.  Section 1.6 of the PPS includes policies for 
“Infrastructure and Public Service Facilities.” All planning authorities are required to provide infrastructure in a coordinated, efficient and cost-effective manner to accommodate projected needs. In addition, the use of 
existing infrastructure will be optimized, wherever feasible, before consideration is given to developing new infrastructure.  All sewage systems must be provided in a manner that: 

• Can be sustained by the water resources upon which such services rely 
• Is financially viable and complies with all regulatory requirements 
• Protects human health and the natural environment.
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The PPS requires that all natural features and areas be protected for the long term.  According to the statement, “the 
diversity and connectivity of natural features in an area, and the long-term ecological function and biodiversity of natural 
heritage systems, should be maintained, restored or, where possible, improved, recognizing linkages between and 
among natural heritage features and areas, surface water features and ground water features.” 

Figure 8: Warwick Study Area – Stormwater Network Figure 9: Warwick Study Area – Stormwater Network Outlets 
The PPS also requires that planning authorities protect, improve, or restore the quality and quantity of water by: 

• Considering the watershed as the ecologically meaningful basis for planning 
• Minimizing potential negative impacts, including cross-jurisdictional and cross-watershed impacts 
• Identifying surface water features, ground water features, hydrologic functions and natural heritage features 

and areas which are necessary for the ecological and hydrological integrity of the watershed 
• Maintaining linkages and related functions among surface water features, groundwater features, hydrologic 

functions and natural heritage features and areas 
• Promoting efficient and sustainable use of water resources, including practices for water conservation and 

sustaining water quality 
• Ensuring stormwater management practices minimize stormwater volumes and contaminant loads, and 

maintain or increase the extent of vegetative and pervious surfaces. 

3.1.1 Existing Storm and Sanitary Collection System 

Warwick Study Area 

The Warwick study area is located within the North Woodstock Watershed (Upper Thames River Conservation Authority, 
2007). Its stormwater drainage system is composed of two separate trunks draining towards two different Watersheds. 
The system’s current configuration is the result of iterative improvements or modifications throughout time, having 
portions of older drainage systems dating back to early twentieth century infrastructure. Figure  8 illustrates the two 
storm drainage systems and its interactions, as well as the ultimate outlet location for each system. 
Figure 1: Warwick Study Area - Stormwater Network 
The Hughson trunk storm sewer conveys flow in a south-westerly direction and ultimately discharges directly to the 
Thames River within the South Thames Watershed and the Warwick trunk storm sewer conveys flow in a north-westerly 
direction and ultimately discharges into Pittock Lake within the North Woodstock Watershed. At the west study area 
boundary, the Hughson trunk consists of a 1200 mm diameter storm sewer, the ultimate outlet at the Thames River is 
approximately 1,950 m downstream. Figure 9 illustrates the configuration of the outlet along the Thames River. At the 
north study area boundary the Warwick trunk consists of a 900 mm diameter storm sewer, the ultimate outlet at Pittock 
Lake is approximately 1,350 m downstream. Error! Reference source not found. illustrates the configuration of the outlet 
at Pittock Lake. 

The  two  Warwick  study  area  storm  drainage  systems  fall  within  a  low-lying  area  of  the  City  of  Woodstock.  
Topographically, the major system flows towards the intersection of Warwick Street and Cambridge Street. On the other 
hand,  the  minor  systems  are  designed  to  drain  the  centre  areas  towards  Pittock  Lake  and  Thames  River,  on  the
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perimeter of the study areas. Consequently the governing topography challenges the minor’s systems ability to convey storm water flows away from the area by moving overland and underground storm flows in opposite 
directions. In addition, the two storm drainage systems present various interconnections, splitting stormwater flows between both North Woodstock and South Thames Watersheds, while adding complexity to the 
prevalent drainage paths under large storm events. 

The sanitary system, on the other hand, presents two clearly separated systems draining North and West of the Warwick study area.  With exception to the potential of basement flooding allowing the systems to interact, 
the storm and sanitary systems are entirely separated through the study area and their performance is expected to be unrelated to each other under normal dry weather flow conditions. 

Norwich Study Area 

The Norwich study area is located within the Cedar Creek Subwatershed (Upper Thames River 
Conservation Authority, 2007) and extends for approximately 349.2 ha. The Brick Ponds PSW, 
located  at  the  centre  of  the  study  area,  plays  an  important  role  in  the  stormwater  network’s  
performance providing large storage capacity and water quality treatment, while also 
attenuating large storm events in the area. 
Figure 10: Norwich Study Area – Stormwater Network 
Figure 10 shows  Norwich’s  network  as  a  collection  of  small  to  medium-sized  systems,  
interconnected through sections of underground pipes, open-channels, and culverts. The major 
and minor stormwater systems are divided by the CNR tracks, which act as a barrier restricting 
overland flows and limiting underground infrastructure. 

The study area presents a variety of land uses and characteristics, including: residential land 
uses with relatively dense built environments, industrial areas with large extension of 
impermeable surfaces, and large naturalized areas with high permeability and saturated soils. 
As such, the hydrologic and hydraulic characteristics of stormwater through the study area are 
complex and must be modeled through a combination of hydrologic and hydraulic methods. 

Stormwater drainage ultimately occurs in a westerly direction through a minor system from 
Cedar Street, immediately south of the CNR tracks, towards Cedar Creek. 

Sanitary network is entirely separate from stormwater flows through the Norwich Study Area 
and drains westerly, parallel to the CNR tracks. The sanitary network’s performance is expected 
to behave independently from the storm system under normal dry weather flow conditions. 

3.2 Assessment of Existing Storm and Sanitary Sewer System 

3.2.1 Sewer and Manhole Investigations 

Modeling and hydraulic assessment of the storm sewer system is a valuable tool for predicting the performance of existing infrastructure under various wet weather events.  To support the development of stormwater 
management options the hydraulic performance of the existing storm sewer systems within the Norwich and Warwick study areas have been evaluated for a range of design storm events.  The modeling of the existing 
storm sewer collection systems was completed using traditional Rational Method and Manning’s Equation spread sheets.  The modeling exercise was focused on identifying segments of the storm sewer system that pose
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significant hydraulic restrictions and impact the performance of the overall stormwater system within each study area.  The storm sewer system was broken down in to primary trunks and secondary laterals within each 
study area.  Additional storm sewer inspections were completed in order to validate a number of key connection details between parallel storm sewer systems or sub-components of the storm sewer network.  The 
following section provides a brief summary of some of the unique configuration of the storm sewer system within the Norwich and Warwick study areas. 

Cambridge Street Storm Overflow 
Near the corner of Cambridge and Warwick a storm-to-storm sewer overflow exists between two parallel storm sewer networks.  The storm overflow is highlighted on Figure 11 and shown in the photos below.  The storm 
sewer overflow links the original storm sewer system constructed on Cambridge along the north side of the right-of-way with a new relief storm sewer system that was constructed on Cambridge along the south side of 
the right-of-way to provide additional storm sewer capacity and relief the existing system.  The storm sewer overflow consists of a 200 mm concrete pipe (SW436).  It is unclear from the configuration of the storm overflow 
whether the intent of the design was to provide relief of the original storm sewer located along the north side of the right-of-way or to provide an overflow for the relief storm sewer constructed along the south side of the 
right-of-way.  Based on the invert elevations of the overflow pipe located between MH ST022236 and MH ST022241 it is clear that during high flow conditions the storm sewer along the south side of the right-of-way has 
the ability to overflow to the north into the original storm sewer system.  The invert elevation of the overflow pipe in MH ST022236 is located approximately 1.5 m above the invert of the outgoing storm pipe to the east. 
Since the overflow pipe invert at MH ST022241 is situated just above the invert of the outgoing storm pipe to the west the overflow would operate frequently and under moderate flow conditions.  Significant surcharging 
in the storm sewer system along the north side of the right-of-way would be required in order for the overflow sewer to operate in the opposite direction.  The performance and operation of this overflow has a significant 
impact on the performance of the existing storm sewers on Cambridge and to the west along St Albans. 

ST022236 – Storm Manhole located on north side of Cambridge just west of Warwick 

ST022241 – Storm Manhole Located on the south side of Cambridge just west of Warwick 

Figure 11: Cambridge and Warwick Storm Sewer Overflow Details
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Berkshire Drive Storm Sewer Overflow 
At the mid-block distance along the east-west portion of Berkshire a storm-to-storm overflow exists between two storm sewer networks.  The storm overflow is highlighted on Figure 12 and shown in the photos below. 
The storm sewer overflow divides flow between two systems, one flowing to the north ultimately connecting to the Warwick trunk and the other branch flows to the west ultimately connecting to the Hughson trunk.  The 
storm overflow along Berkshire appears to have been constructed as a relief sewer for the original storm sewer that flows in a south-to-north direction.  The south-to-north branch of the storm sewer services the rear-
yards south of Berkshire and flow north between several private residences, eventually cutting across Hughson, along Vimmy and then discharges to the Warwick trunk storm sewer.  This branch of the storm sewer 
network consists of storm sewer ranging in size from 200 mm at the upstream end to 450 mm where it connects with the Warwick trunk.  In all likelihood this storm sewer may have been constructed as a local tile drainage 
system designed to keep the rear-yards of residential properties along Berkshire and Hugh dry during wet weather conditions but this system has limited hydraulic capacity.  The relief sewer on Berkshire provides relief of 
this small diameter storm sewer by connecting the tile drainage system to the 1200 mm trunk storm sewer that comes from the Fairgrounds and eventually discharges to Hughson.  The overflow sewer consists of a 250 
mm  concrete  pipe  with  a  0.01%  slope  (limited  capacity).   The  upstream  invert  at  MH  ST032362  is  situated  approximately  0.7  m  above  the  invert  of  the  outgoing  storm  pipe  to  the  north.   Surcharging  to  a  depth  of  
approximately three times the diameter of the outgoing 250 mm storm pipe would be required before the Berkshire storm overflow would become operational.  The performance and operation of this overflow has a 
significant impact on the performance of the existing storm sewers on Hughson and Vimmy. 

ST032362 – Storm Manhole located on the north side of Berkshire 

ST032376 – Storm Manhole located on the south side of Berkshire 

Figure 12: Berkshire Drive Storm Sewer Overflow Details
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Hughson Street Storm Overflow 
The intersection of Hughson and Cambridge consists of a complicated arrangement of trunk storm sewers, laterals and tile drain connections.  Flows enter the intersection are from the north (Cambridge trunk relief sewer) 
and from the south (Fairgrounds trunk).  A secondary lateral connects a tile drainage system that services rear-yards between Cambridge and Sydenham.   Included in the arrangement of storm sewers is a storm-to-storm 
overflow  sewer  that  provides  relief  of  the  Hughson  trunk  storm  sewer  along  Hughson  to  the  east.   The  storm  overflow  is  highlighted  on  Figure 13 and shown in the photos below.  The overflow sewer intercepts a 
secondary lateral at Vimmy and eventually discharges to the Warwick trunk.  Based on the various vintages of storm sewers in the area it is speculated that the 300 mm overflow sewer actually represents the original 
storm sewer constructed on Hughson from Cambridge to Vimmy.  The overflow sewer provides local  lateral  connections at  Arthur,  Jubilee,  Vimmy and Winchester.   The upstream invert  of  the overflow sewer at  MH 
ST022077 is situated approximately 0.4 m above the invert of the outgoing storm pipe to the south.  The outgoing storm sewer is 750 mm pipe.  The overflow arrangement results in a situation where the overflow sewer 
becomes activated before the outgoing pipe reaches a full-flow or surcharged condition.  The performance and operation of this overflow as a minor impact on the performance of the existing storm sewer on Hughson and 
the Hughson trunk that flows to the west. 

ST022077 – Storm Manhole located on the north side of Hughson 

ST022077 – Storm overflow on Hughson flowing to the east

Figure 13: Hughson Street Storm Sewer Overflow Details
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James Street Storm Overflow 
Near the intersection of James and Teeple Street four branches of the local storm sewer systems come together.  The north and east leg of the four-way intersection represents inflow to MH ST12271 while the south and 
west legs consist of outflow from the manhole.  The James Street sewer consists of a complicated arrangement of trunk storm sewers, laterals and tile drain connections.  Although it is difficult to say with absolute 
certainty, it appears that the James Street storm sewer originally flowed to the west along James Street to Norwich Ave and then to the south.  The addition of the north to south leg of the storm sewer appears to have 
diverted flows to the south.  Under normal operating conditions (low flow) 100% of the flow from the east and north is directed south towards the storm sewer outfall on the north side of the CN rail corridor.  Under high 
flow conditions the manhole acts as a flow splitter with a portion of the flows directed to the west and a majority of the flow discharging to the south.  The storm overflow/flow splitter manhole is highlighted on Figure 14 
and shown in the photos below.  The primary sewer discharges to the CN rail corridor to the south is located within City owned parkland.  The westerly leg of the flow splitting MH ST12277 is situated approximately 0.3 m 
above the invert of the outgoing storm pipe to the south.  The outgoing storm sewer is 600 mm pipe. 

ST12271 – Storm overflow on James Street east of Teeple 

ST12271 – Storm overflow on St James east of Teeple 

Figure 14: James Street Storm Sewer Overflow Details
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3.2.2 Cambridge/St Albans and Warwick Street Storm Sewer Condition Assessment 

As part  of  the background study for  the Norwich and Warwick areas a  review of  available as-built  drawings was completed.   The primary purpose of  this  portion of  the investigation was to verify  that  there were no 
cross-connections or Combined Sewer Overflows (CSOs) within either of the study areas that may be affecting the performance of the storm and sanitary sewer systems.  The review did not identify any existing 
cross-connections noted on the as-built drawings but did identify the existence of weeping tile connections to the local storm sewer on St. Albans and Cambridge Street.  The weeping tile connections were noted on a 1984 
as-constructed drawing and is highlighted on Figure.  Since the drawings did not show the specific locations of the weeping tile connections CCT video inspection of the existing storm sewers was completed in order to 
verify that the connections existed.  The CCT video inspection included using the lateral camera to chase several of the weeping tile connections up between the homes along Cambridge and St. Albans.  A hand-held 
underground utility scanner was used to locate the lateral camera between several residential houses, thus verifying that the direct weeping tile connections to the storm sewer do exist. 

Although it is difficult to verify except with direct observations it is likely that the direct connection of weeping tiles and the existence of a storm-to-storm sewer interconnection near the corner of Cambridge and Warwick 
may be contributing to basement flooding in the area of St. Albans and Cambridge.  Under extreme conditions the area of Warwick and Cambridge receives major overland flow from a large contributing area.  The 
contributing area is significantly larger than the design service areas of the storm sewers during normal 1:2-year or 1:5-year rainfall events due to limited inlet capacity and by-passing of catch basins during high flow 
conditions.  When the major flows received near the intersection of Warwick and Cambridge exceeds the capacity of the existing storm sewers the systems start to surcharge.  The configuration of the storm-to-storm 
overflow near Warwick and Cambridge results in a situation where the full capacity of the Cambridge relief storm sewer, illustrated in Figure 15, cannot be utilized before overflow from the new relief sewer flows back into 
the original storm sewer on Cambridge that connects to the Warwick trunk and flows north.  Since the original storm sewer on Cambridge is significantly deeper than the relief sewer, in order to provide outlet for the 
foundation weeping tiles, surcharging with significant hydraulic head is highly probably in the original sewer.  If surcharging with sufficient hydraulic head were to persist over extended periods of time within the two storm 
sewer systems (linked by the overflow) it is highly likely that the weeping tile connections are becoming inundated with storm flows and in extreme cases causing basement flooding through cracks in basement floors, 
foundations and retrofitted sump pump wells.  Based on the results of the flooding survey described in later sections of this report, this situation appears to be occurring sporadically over the last ten years, particularly 
during high-intensity long-duration rainfall events. 

Figure 15: Cambridge and St. Albans Weeping Tile Connection Details
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Cambridge and St. Albans Storm Sewer Condition Assessment 
In addition to verifying the weeping tile connection details to the original St. Albans and Cambridge storm sewers the CCT video inspection was used to assess the condition of the storm sewer.  Although the storm sewer 
was in relatively good physical condition given its age, several significant hydraulics restrictions were noted due to the formation of encrustations at joints and connections. Figure 16 illustrates the joint and connection 
encrustations that exist within the Cambridge/St. Albans storm sewer systems.  In several locations the CCT video inspection was abandoned due to the fact that the weeping tile encrustations made it impossible for the 
video inspection equipment to pass.  The connection and joint encrustations have a significant impact on the hydraulic capacity of the storm sewer system.  In some cases the encrustations have reduced the cross-sectional 
area of the storm sewer to less than haft the pipe.  These hydraulic restrictions are inevitably leading to unnecessary surcharging conditions within the system, leading to more frequent inundation of the weeping tiles 
connected to the storm sewer increased frequency of the conditions necessary to produce basement flooding.  Given the age of the Cambridge relief storm sewer and the fact that the as-built drawings did not show 
weeping tile connections from the houses along the south side of Cambridge and St. Albans it was not included in the CCT video inspection. 

Figure 16: Cambridge and St. Albans Storm Sewer Video Inspection Details 

Warwick Street Storm Sewer Condition Assessment 
Given the age and uncertainty with the condition of the Warwick trunk storm sewer it was also included in the CCT video inspection program.  Prior to inspection it was unknown whether or not the 900 mm storm sewer 
along Warwick also had the same type of weeping tile connections that could be contributing to basement flooding or whether significant encrustations where causing an unexpected reduction in hydraulic capacity of the 
sewer leading to street and yard flooding during significant rainfall events.  The CCT video inspection did not note any of the same type of weeping tile connections to the 900 mm sewer from Cambridge Street to just north 
of Sloan Park.  In general the sewer was in good condition with minimal joint and connection encrustations.  Throughout the length of the sewer there was some minor standing/flowing water.  As illustrated in Figure 17 
this standing/flowing water appears to be caused by very flat sewer profile grades and minor accumulation of road sand and debris. 

Figure 17: Warwick Storm Sewer Video Inspection Details
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3.2.3 Hydraulic Capacity Assessment 

Hydraulic capacity assessment of the storm sewer systems within the Norwich and Warwick study areas is a valuable tool for predicting the performance of the drainage infrastructure under a range of design storms and 
for evaluating different control strategies and stormwater management alternatives.  In order to assess the performance of the trunk and primary lateral storm sewers within both study areas a Rational Method Manning’s 
hydraulic grade line assessment was complete.  The assessment was built on the City of Woodstock’s GIS database and utilized input from the storm pipe database, including storm sewer lengths, slopes, invert elevations 
and pipe materials.  Where required, additional information was supplemented into the GIS database based on field measurements completed by Dillon staff members. 

Figure 18: Norwich and Warwick Study Area Flooding Risk 

Figure 18 provides a summary illustration of the hydraulic assessment results for the 1:5-year design storm event.  The relative measure of capacity is schematically illustrated along each storm sewer by a series of colours. 
Each colour represents a general measure of capacity based on Manning’s equation pipe capacity and theoretical design flow.  A ‘green’ line schematically indicates that the theoretical design flow is less than the 
non-surcharged capacity of the storm sewer and therefore sized appropriately to convey surface runoff generated by the 1:5-year design storm event.  A ‘yellow’ line schematically indicates that the theoretical design flow 
is greater than the non-surcharged capacity of the storm sewer and therefore is inadequately sized to convey surface runoff generated by the 1:5-year design storm event. 

Figure 18 highlights key locations within the Norwich and Warwick study areas where the hydraulic assessment of the storm sewer resulted in Manning’s equation capacity versus theoretical design flow that significantly 
exceeded 100% for the 1:5-year design storm event.  A relative measure of capacity versus design flow was used as a key indicator for potential flooding.  Combing the hydraulic analysis with the results of the flooding 
survey confirmed the general performance of the storm sewer systems within the study areas, highlighted bottlenecks in the conveyance system and identified locations within the system that surface flooding potential is 
high for storms exceeding the 1:5-year design storm event.  The hydraulic analysis of the storm sewers where also completed for the 1:10 through 1:100-year design storm events.  As predicted the system is unable to 
convey runoff from the less frequent higher intensity design storm events.  This is consistent with the fact that the sewers were not designed to handle flows exceeding the 1:2 or 1:5-year design storm.  Other general 
hydraulic performance assessment observations include:
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• The storm sewers on St. James, Water and Norwich Ave display deficient capacity to convey runoff generated by the 1:5-year storm event but inlet capacity and local topography limit the amount of surcharging 
that can occur within the respective sewers.  Topographic relief directs surface water runoff exceeding the inlet capacity of catch basins on the street away from the City right-of-way onto private lands along the 
CN corridor. 

• The local storm sewer on Berwick Street displays deficient capacity to convey runoff generated by the 1:5-year storm event.  The local topography is such that under high intensity rainfall conditions it is highly 
likely that surface water runoff bypasses the catch basins and is directed to Warwick Street, further contributing to the frequent flooding conditions near the intersection of Warwick and Cambridge. 

• The local storm sewer on Nellis Street displays deficient capacity to convey runoff generated by the 1:5-year storm event.  The area of the Fairgrounds has undergone significant changes in levels of impervious 
since the construction of the Nellis Street storm sewer.  The high levels of imperviousness within the local catchment areas contributes significant surface water runoff to the storm sewers resulting in 
surcharging potential for design storm events as low as the 1:2 year. 

• The trunk storm sewer on Warwick Street has sufficient capacity to convey runoff generated by the 1:5-year storm event but represents the ultimate outlet for major overland flow from a majority of the 
Warwick Study area.  Although the basic analysis shows sufficient capacity the reality is that within many areas there is inadequate inlet capacity or significant topographic relief that limits the amount of surface 
water runoff other local storm sewers can capture and direct to an alternative outlet (Hughson Street).  Based on the flooding survey results, the lateral storm sewers associated with the Warwick Street trunk 
storm sewer are at greatest risk of surcharging due to the elevation of the hydraulic grade line at the lateral connections to the trunk sewer.  Continuing public concern over the performance of drainage 
infrastructure along Warwick Street further illustrates the capacity deficiencies within the system. 

3.2.4  Flooding Investigation Survey 

As part of this study, the City of Woodstock undertook an extensive flooding survey, with survey forms sent to 
all properties in the core study areas. The flooding study was distributed to approximately 300 properties within 
the Warwick and Norwich study areas. The flooding survey was mailed directly to property owners and made 
available through an online survey. The basement and flooding survey yielded a combined response rate of 38.9 
%, reaching a higher rate of 46.4 % within the Warwick Study Area. The response rates are considered high for 
this type of a mailed-in questionnaire. A copy of the survey questionnaire and a tabular summary of results are 
provided in Appendix A. Data from the survey was converted and graphically analyzed with other factors and 
indicators related to flooding. 

The questionnaire was designed to characterize the flooding issues that have persisted in within the two study 
areas for many years. The survey collected information related to the frequency and past occurrences of 
basement and yard flooding patterns.  As such, it was broken into two categories; basement and yard flooding. 
The  July  28,  2010  storm  is  the  latest  in  the  series  of  events  that  have  directly  impacted  the  residents  in  the  
Norwich and Warwick study areas. Figure 19 illustrates the extent of the flooding that impacted the private 
properties in the Warwick and Norwich study areas. The property parcels highlighted with red, yellow and green 
all experienced yard, basement or a combination of yard and basement flooding during the July 28 event. 
Properties highlighted in white are properties that responded to the flooding survey but did not experience any 
flooding during the rainfall event. The following sections of the report describe the specific outcome of the 
flooding investigations and helped characterize the source of the flooding within both study areas. 

Figure 19: Flooding Events on July 28, 2010 

Figure 19: Flooding Events on July 28, 2010
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Basement Flooding 
Figure 20 graphically illustrates the properties within the study areas that indicated that they have experienced basement flooding over the past ten years. Figure 20 also illustrates the results of the flooding survey and 
shows the percentage of total survey responses that indicated they have received flooding within the last ten years, five years, one year and the within the last six months of the issue date of the flooding survey. The 
historic basement flooding survey results are highlighted by the fact that significant basement flooding was experienced in the Warwick study area within the last five years. Within this time period two significant storm 
events have occurred in the City of Woodstock. As previously noted a significant rainfall event occurred on July 28, 2010, and almost four years to the day earlier another significant rainfall event occurred that effected 
many areas within the City of Woodstock especially the Warwick study area. 

Comments received as part of the flooding survey are summarized as follows: 
• During the last big storm water came in through a crack in the foundation that we have near the back of our house.  The water did not pour in buy it was a steady stream for nearly two days. 
• When it rains our sump pump can’t keep up.  It runs and runs and the water just seems like it pours in just as fast as it is being pumped out. 
• I replaced my sump pump three times in the last three years.  I rerouted my sump pump to discharge at the front of my house onto the street but it hasn’t seemed to help.  The water accumulates in my backyard and 

doesn’t drain away. 
• I used to get water coming up through the floor drain in my basement so I installed a backflow valve.  Since it was installed I haven’t had any basement flooding problems. 
• The water that accumulates in my backyard reaches the house when it rains for a long enough period of time.  My neighbour has added an addition and shed in their backyard and this has made the situation worse. 

There is a catch basin in his backyard but the top is above the ground so hardly any water can get away until it gets to about 6 inches deep. 
Figure 20: Historic Basement Flooding 

The flooding survey also requested that property owners indicate the source of the basement flooding. Survey options were grouped into two distinct classes, flooding sources related to sanitary servicing and flooding 
sources related to infiltration of water through foundations, floors and basement windows. Of the 55 survey respondents that indicated they have received basement flooding over the last ten years, almost all of the

Figure 20: Historic Basement Flooding
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properties were affected by sanitary back-up through basement floor drains, basement toilets, basement shower drains and in several cases sanitary back-up through basement laundry tubs. A small portion of the survey 
respondents indicated that the sources of their basement flooding were cracks in foundation walls, basement floors, through sump pump wells and through depressed basement windows. 

Of the 55 survey respondents that indicated they have received basement flooding, four property owners indicated that the source of the flooding was through open sump pump wells in the lower levels of residential 
properties. Although the four impacted properties represent a small percentage of the total properties affected by basement flooding it is noteworthy that three out of the four properties were located on either St. Albans 
Crescent or Cambridge Street. The significance of the reported flooding relates to the configuration of the storm services connecting the residential properties along St. Albans and Cambridge Street noted in Section 3.1.2. 
Based on the survey results it is plausible that surcharging of the St. Albans and Cambridge Street storm sewers resulted in backflow through the foundation drains directly connected to the storm sewer on the street. Since 
the affected houses likely have retro-fitted sump pumps wells and a direct connection between the foundation drain and the well the pump may have been overwhelmed with backflow through the foundation drain 
system. Since the basement sump pump wells represent one of the lowest relief points in the system they may have been most significantly affected by extreme wet weather conditions or ongoing surcharging within the 
storm sewer system on St. Albans and Cambridge. Although unverified it is also plausible that the storm-to-storm sewer overflow located between the original storm sewer on Cambridge and the Cambridge storm relief 
system is contributing excess flow to the Cambridge storm sewer, further aggravating the surcharging condition within that sewer, and indirectly contributing to potential basement flooding for homes along Cambridge 
and St. Albans. 

Backyard Flooding 
Figure 21 graphically illustrate the properties within the study areas that indicated that they have experienced yard or backyard flooding over the past ten years. Figure 21 also illustrates the results of the flooding survey and shows the 
percentage of total survey responses that indicated they have received flooding within the last ten years, five years, one year and the within the last six months of the issue date of the flooding survey. The historic yard flooding survey results 
are highlighted by the fact that persistent yard flooding has been experienced in both the Norwich and Warwick study area over the last ten years. A total of 59 survey respondents indicated that their properties experienced some form of 
yard or backyard flooding during the July 28th , 2010 rainfall event. 59 survey respondents indicated that they had also experience yard or backyard flooding during some point over the last ten years.  The results of the historic yard flooding 
portion of the flooding survey further illustrates the spatial distribution of the yard flooding instances over the Warwick and Norwich study area. It is worth noting that of the 59 properties that have been affected by yard flooding over the last 
ten years, 30 of those property owners report multiple flooding instances over the same period of time. These reported multiple instances of yard flooding further highlight the chronic nature of the flooding experienced in both the Norwich 
and Warwick study areas. It is worth noting that seven properties on St. Albans, Vimmy, Wilton and Sydenham Street all report at least ten instances of yard flooding over the last ten years. Most notably is a reported 12 instances of flooding 
at 168 and 164 Sydenham Street and a special note in the flooding survey that yard flooding persists every year to varying degrees. It is also worth noting that neither of these two properties on Sydenham Street experience basement 
flooding.  As described in Section 3.1.2, many of the rear yards within the Warwick study area are relatively low-lying in comparison with the streets fronting the properties. Local topography has required local storm sewer services to be 
extended to rear yard areas to achieve proper drainage characteristics. A majority of the services consist of small diameter storm drains and single catch basins positioned within low-lying rear yards. Several of the rear yard areas, notably 
between Sydenham and St. Albans Crescent are serviced by aging tile drains with limited inlet and conveyance capacity. The two properties that indicated the highest frequency of yard flooding are located on Sydenham Street in an area 
where the rear yards are serviced with a small diameter tile drainage system. 

Figure 21: Historic Yard FloodingFigure 21: Historic Yard Flooding
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3.2.5 Historic Flooding Events 

Sections 3.2.1 through  3.2.4 provide a definitive summary of the factors contributing to basement and yard flooding within the Warwick and Norwich study areas, including the physical configuration of the storm sewer 
systems, the physical condition of specific storm sewers and a measure of capacity deficiency based on flow rates generated by the 1:5-year design storm event.  The results of the flooding survey indicate that actual 
system performance closely mimics the results of the hydraulic assessment completed on various components of the storm drainage system within the Norwich and Warwick study areas.  Additionally, a number of 
residents of the study areas were able to provide valuable insight into the historic flooding that has taken place within the Norwich and Warwick study areas.  The following series of photos further illustrates the extent of 
flooding experienced within the Norwich and Warwick study areas. 

Figure 22 illustrates the flooding that has occurred within the Norwich Recycling property during a storm event that took place on May 7, 2011.  The photos show widespread flooding directly behind the warehouse facility 
with flood waters reaching an elevation high enough to impact the main floor of the building (Photos 1 and 2).  The entire parking lot was flooded during the storm event even though drainage channel along the south side 
of the CN corridor wasn’t operating under a surcharged condition (Photo 3).  Anecdotal observations conclude that the wide-spread flooding that occurred along the north side of the CN corridor may have resulted in a 
lack of capacity in several key culvert crossings of the rail corridor.  Given the depth of flow in the south drainage channel (outlet channel from the Brick Ponds Wetland Complex) the culverts would have been operating 
with significant tail-water conditions, further reducing the capacity of the drainage infrastructure.  The Norwich Recycling facility has experienced several significant flooding events over the last ten years with the 
May 7, 2011 event being the most recent resulting in damages to private property. 

Figure 22: Norwich Study Area Flooding Photo 1-3 

Figure 23 illustrates the serious flooding that occurred during the July 28, 2010 storm event.  The photos show widespread flooding on Jubilee Place (Photo 4), at the intersection of Cambridge and Warwick Street 
(Photo 5), and as far back as the pedestrian walkway between Jubilee Place and Cambridge Street (Photo 6).  Residents in the neighbourhood indicated that the flooding conditions lasted several hours during the 
July  28,  2010  storm  event.   The  storm  was  characterized  as  having  a  very  high  intensity  over  a  short  duration.   The  Upper  Thames  River  Conservation  Authority  described  the  storm  as  having  intensities  similar  to  a  
1:25-year storm over approximately four hours.  As illustrated, the roadway drainage infrastructure was completely inundated with flow, the storm sewers surcharged to the surface of the ground and the surcharging 
event lasted several hours.  The duration of flooding indicates that not only were the storm sewers within the Warwick study area surcharging but the systems downstream of the study area were also overwhelmed with 
surface runoff.  The fact that the intersection of Cambridge and Warwick represents the lowest elevation within the study area resulted in the accumulation of major overland flows from the entire drainage area.
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Figure 23: Warwick Study Area Flooding Photo 4-6 

Within both study areas the primary cause of flooding can be attributed to the lack of conveyance capacity of the storm drainage system.  In the case of the Norwich study area the cause of flooding can be pinpointed to 
the lack of conveyance capacity through the CN rail corridor resulting in the accumulation of surface runoff on the north side of the tracks.  Within the Warwick study there isn’t one specific factor leading to flooding, 
rather a series of factors that compound under extreme rainfall events.  The factors leading to flooding conditions include storm sewer capacity deficiencies, inlet capacity deficiencies and most importantly the lack of a 
major overland flow route out of the lowest parts of the study area. 

4.0 Public and Agency Consultation 
Public and agency consultation that occurred throughout the Class EA process and, where possible, incorporated into the Problem Statement and the identification and evaluation of alternative solutions. All consultation 
materials are included in Appendix B. 

4.1 Contact List 
The Contact list for this project consisted of potentially interested/affected Federal Agencies, Provincial M.P.P and Ministries, local agencies, City of Woodstock departments, community associations and interest groups, 
First Nations, and utilities and emergency services. More than 20 agency contacts are included in the list. The Contact List was updated throughout the project to include additional contacts that replied to project notices 
or attended the Public Participation Meeting. 

4.2 Notice of Project Initiation 
A Study Commencement Notice was mailed to the project Contact List and approximately 300 property owners within the Warwick and Norwich study areas on March 8, 2011, and placed in the local newspaper 
publication ‘The Woodstock Sentinel’ by City staff members that same week. A copy of the flooding survey and general comment form accompanied the mailed version of the notice requested comments by April 29, 2011. 

No replies were received from the general public in response to the newspaper notice. Several email requests were received from members of the public outside the formal study areas that the study be expanded to 
include their properties. As a result the study limits for the Warwick study area was expanded to include the residential neighborhood in the area of Berkshire Drive. Dillon received comments from four agencies, including 
the following:
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• Indian and Northern Affairs Canada provided the contact information for the local First Nations group 
• CAU of Indian and Northern Affairs Canada provided comments in an email indicating that they do not typically participate in environmental assessments that pertain to projects off-reserve and requested to be 

removed from the contact list and did not require future notifications 
• The Upper Thames River Conservation Authority (UTRCA) provided information with respect to regulated lands within the study area, specifically the Brick Pond PSW, well-head protection areas and requested 

to be kept informed and sent information as the study progresses 
• The Ministry of Environment, Southwest Region Environmental Planner (Bob Aggerholm) provided comments regarding approvals under the Ontario Water Resources Act and referred to design guidelines for 

Stormwater Management and Sewage Works. The MOE also requested electronic copies of the PIC presentation material and a copy of the draft Project File when it becomes available. 

4.3 Public Consultation 

4.3.1 Public Information Centre 1 

A Public Information Centre (PIC) was held on June 15, 2011, from 4:00 p.m. to 7:00 p.m. at the Woodstock Museum (Grand Hall). During the informal drop-in session, Dillon and City staff were available to explain the 
displays, record comments and answer questions. The purpose of the PIC was to: 

• Introduce the study and outline the study process 
• Provide background information on the need for improvements, including presentation of some preliminary recommendations 
• Obtain input on existing concerns in the Study Areas 
• Outline next steps in the study. 

Approximately 45 people attended the PIC. The majority of those in attendance were residents from the Warwick Study Area. The owners and operators of Norwich Recyclers attended the PIC and presented Dillon and City 
staff with a binder of photos and notes from various flooding events that have had a direct impact on the yard and building facility. Several home-owners within the Warwick study area also provided photos of historic and 
recent flooding events affecting their properties. 

Norwich Study Area 
Comments received from residents of the Norwich Study Area suggest that flooding-prone locations include: 

• The north and south side of the CN rail corridor 
• The intersection of Water and Teeple Street 
• The Norwich Recycling property south of Water Street.
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Warwick Study Area 
Comments received from residents of the Warwick Study Area suggest that flooding-prone intersections and yards include: 

• Warwick and Cambridge intersection, 
• Belgrave and Warwick Street intersection, including backyards between Warwick and Belgrave Streets, 
• Backyards between Sydenham Street and St. Albans Crescent. 

Other comments received from the public participants included: 
• Drainage infrastructure in the rear yards is not performing as designed.  Several rear yard catch basins are elevated above ground level and do not provide adequate drainage of surface water flows 
• Vimmy Place generally floods before Warwick Street begins to flood.  Homes on Vimmy Place have experience multiple basement flooding incidence over the last 20 years 
• Many backyards off of Vimmy Place experience extensive rear-yard flooding due to inadequate drainage of rear yard areas 
• Catch basins near the intersection of Belgrave and Warwick, installed by the City, have not improved drainage characteristics.  It was speculated that the underground infrastructure was already overloaded 
• Suggestion that the City consider the use of a holding tank to temporarily store water.   Brompton Park stormwater management pond seems to be working well 
• The walkway between Vimmy Place and Warwick has two catch basins that are completely covered with debris.  Requests for the City to clean out the catch basins have been made 
• Some drainage infrastructure on private property connected to City infrastructure is not functioning properly or is not sized to adequately handle steady rainfall or flash thaws in the winter 
• Storm drainage along the CN corridor is inadequate.  Undersized culverts through the railway, draining to the drainage channel along the south side of the corridor, cause flooding to the north 
• Storm drainage along the north side of the CN corridor from east of Norwich Recycling cannot drain through an existing culvert, accumulates and then spills onto the Norwich Recycling property.  Berming 

measures have been put in place but have not completely relieved the drainage problems 
• Every time it rains a rush of water comes down the side streets and inundates Water Street.  Because the roadway is higher than the residential properties to the south, they are the first to receive floodwaters 

when the catch basins on the roadway cannot handle the flows. 

4.3.2 Public Information Centre 2 

The second Public Information Centre (PIC) was held on November 23, 2011, from 4:00 p.m. to 7:00 p.m. at the Woodstock Museum (Grand Hall). During the informal drop-in session, Dillon and City staff were available to 
explain the displays, record comments and answer questions. The purpose of the PIC was to: 

• Introduce the study process and provide a status update 
• Introduce alternative solutions considered as part of the study 
• Collect feedback on alternative solutions 
• Outline next steps in the study.
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Approximately 40 people attended the PIC. The majority of those in attendance were residents from the Warwick Study Area. Dillon and City staff provided an overview presentation and summarized each of the 
alternatives presented at the PIC. The presentation included a description of the evaluation criteria used to rank the potential alternative solutions, a summary of the evaluation process, and presentation of the technically 
recommended alternative for the Norwich and Warwick study areas. 

Public and Agency Review 
The Norwich and Warwick Area Flooding Study, along with a Notice of Completion, will be placed on the “public record” for a 30-day public and agency review period. Any input received during the 30-day review period 
will be incorporated into the future phases of the Class EA planning, design and construction process by the City of Woodstock. 

5.0 Problem/Opportunity Identification (Phase I) 
5.1 Introduction 
Phase 1 of the Municipal Class EA process consists of “Problem/Opportunity Identification” and provides the justification of the need for infrastructure upgrades and improvements. The Problem Statement included in this 
section identifies the key storm sewage servicing deficiencies of the Study Areas. The statement is based on the analysis of existing and projected environmental conditions (Section 2), engineering considerations 
conditions included in Sections 2 and 3 and public and agency consultation documented in Section 4 of this report. 

5.2 Summary of Problems and Opportunities 
The following section summarizes problems, opportunities and provides the justification for the City of Woodstock to undertake the Norwich and Warwick Area Flooding Study Municipal Class EA. 

5.2.1 Infrastructure Upgrades and Local Improvements 

Infrastructure upgrades of sewerage systems require a long-term plan to address deficiencies within the storm systems of the Norwich and Warwick Study Area. The City’s storm sewerage policies require the planning of 
storm sewers and stormwater management systems to be provided and maintained with sufficient capacity to accommodate existing and future development in the City, within the financial capability of the municipality. 
Stormwater runoff treatment, in particular, must meet standards for an acceptable quality of effluent discharge to the Thames River, Cedar Creek and its tributaries. Policies applicable to “Older Services and Facilities” 
require that the City continue its ongoing program of upgrading, maintaining and/or replacing older storm and sanitary sewerage facilities, as required. 

5.2.2 Basement and Yard Flooding 

Throughout the Warwick and Norwich study areas there have been numerous accounts of flooding over the past ten years.  Many residential homes in both neighbourhoods have experience sanitary back-ups caused by 
surcharging storm sewers on the fronting roads and resultant inundation of wet weather flow into the sanitary sewer system.  In many areas within the two study areas there is a mix of old and new sewerage systems; in 
several locations the configuration of the original system has been altered to improve drainage characteristics without a thorough understanding of the overall system performance.  In general deficient storm sewer 
capacity combined with inappropriate cross-connections between storm sewer systems results in wide-spread surcharging.  Local topography and grading around residential homes is further aggravating drainage problems 
on a number of the side streets.  In a number of cases City-owned drainage infrastructure located in rear-yards is underperforming and leading to yard flooding. 

5.2.3 Potential Redevelopment and Urban Intensification 

Potential redevelopment and urban intensification within the Warwick study area is limited.  Within the Norwich study area open space exists and would be available for development subject to land-use planning and 
zoning bylaw updates.  Currently redevelopment and intensification opportunities are limited based on storm sewer capacity deficiencies and resultant impacts to the sanitary sewer system within the study areas.  New 
infrastructure recommended for each study area should consider potential future land-use conditions and servicing requirements.  Consideration for future servicing requirements will ensure that the City of Woodstock 
continues to promote sustainable urban design while maintaining appropriate levels of service for storm and sanitary sewerage.
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5.2.4 Adaptation to Climate Change 

Baseline environmental conditions are currently changing within the City of Woodstock and throughout the region.  Climate change impacts include a shift towards high-intensity rainfall and more extreme drought 
conditions.  Infrastructure upgrades of sewerage systems require consideration for long-term climate change.  Infrastructure should be designed in such a way that climate change can be accommodated in the future 
where feasible.  Consideration should be given to increasing the level of service associated with permanent stormwater management facilities to accommodate future changes in rainfall intensity and duration. 

5.3 Problem Statement 
The following Problem Statement covers the existing, interim and long-term sanitary and storm sewage servicing needs of the Study Areas. It is based on an analysis of existing and projected environmental conditions, 
engineering considerations and public and agency consultation: 

The residents of the Warwick and Norwich study areas within the City of Woodstock have suffered from chronic flooding of basements and yard over the past 30 years. Recent high-intensity rainfall events and the 
continuously changing impact of climate change have resulted in wide-spread street, yard and basement flooding during high-intensity rainfall events. The street, yard and basement flooding is a result of poorly 
defined major overland flow routes and deficient storm drainage system capacity currently servicing both the Warwick and Norwich Study areas. In addition to flooding concerns, portions of the existing road and 
sewer infrastructure within the study areas will be reaching the end of its design life and will require replacement or rehabilitation. Stormwater runoff currently discharges to the Thames River at Pittock Lake and 
Cedar Creek through an extensive network of existing storm sewers with little or no stormwater quality measures in place. Future development or urban intensification of open space within the Warwick study area and 
along the CN rail corridor in the Norwich study area are limited due to the lack of storm and sanitary servicing capacity. Based on these considerations the Study Areas require short and long term storm servicing 
improvements, and an overall plan to implement these improvements. 

6.0 Alternative Solutions (Phase II) 
6.1 Introduction 
Phase 2 of the Municipal Class EA process consists of the identification and evaluation of alternatives which could potentially solve the problems identified in Phase 1. At the end of Phase 2, preferred solutions were chosen 
by the City of Woodstock and “put together” to form a Storm Servicing Improvement Strategy for the Norwich and Warwick study areas. The plan includes a recommended storm servicing option and stormwater 
management strategy, including a conceptual stormwater management facility configurations aimed at reducing the flooding potential within the two neighborhood areas. 

Activities completed during Phase 2 included the following: 
• Evaluation of a long-list of planning alternatives for the management of storm flows 
• Evaluation of options for infrastructure replacement 
• Identification of options for storm water management facilities (detailed evaluation will be part of a following Schedule “B” Environmental Screening) 
• Phasing of improvements, including short and long term measures to implement storm sewer servicing improvements and reduce flooding potential 
• Development of an overall phasing plan to assist with decisions related other capital works and infrastructure improvements.
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6.2 Planning Alternatives 
Dillon developed the following list of planning alternatives for managing stormwater within the Norwich and Warwick Study Areas: 

Warwick Study Area 
Alternative 1 Warwick/Cambridge Street Underground Storage Stormwater Management Facility 
Alternative 2 Warwick/Cambridge Street Underground Storage Stormwater Management Facility with controled surface storage within City right-of-way 
Alternative 3 Storm sewer upgrade from Warwick/Cambridge to Pittock Lake 
Alternative 4 Upgraded Warwick storm sewer to new Stormwater Management Facility in Sloane Park 
Alternative 5  Strategically located Stormwater Management Facilities and Upgrade of Hughson Street Storm Sewer 
Alternative 6  Do Nothing. 

Norwich Study Area 
Alternative 1  Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street 
Alternative 2  Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street in Combination with Stormwater Management Facility in James Street Park 
Alternative 3  Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street in Combination with Stormwater Management Facility in James Street Park including 

diversion of Storm Outfall from Tom Black Boulevard 
Alternative 4 Do Nothing. 

6.3 Comparative Evaluation of Planning Alternatives 
The Municipal Class EA process provides an object and transparent approach for identifying potential and preferred planning alternatives. This section provides the advantages and disadvantages of the long-list of 
stormwater management and infrastructure improvement alternatives. The evaluation was based on broad considerations, including: 

• Impacts on infrastructure and Public Safety 
• Technical Effectiveness 
• Impacts on existing Cultural and Natural Resources 
• Socio-Economic Impacts, particularly on existing and future land use 
• Cost effectiveness, including capital and operating costs. 

Key technical and stormwater management indicators used to assist in evaluation of the planning alternatives, particularly related to basement and yard flooding, included: 
• Urban intensification, deficient storm sewer capacity and inappropriate network modifications that have resulted in yard and basement flooding. 
• Surface water accumulation inundating the sanitary sewer through manhole lids, rood downspouts and sump-pump outlets inappropriately directed to sanitary services. 
• Cross connections between independent storm sewer networks resulting in system surcharging and potential backflow through foundation drain connections to storm sewers. 
• Poor lot grading and insufficient ditch inlet or catch basin inlet capacity. 
• Erosion and vegetation overgrowth in open channels limiting conveyance capacity. 
• Increase in urbanization in upstream drainage areas resulting in higher rates and volumes of surface water runoff. 
• Natural and unnatural changes in the configuration of the wetland complex located east of the Norwich study area, impacting the rate and volume of surface water runoff conveyed through the CN corridor.
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6.3.1 Warwick Study Area Planning Alternatives 

Alternative 1 – Warwick/Cambridge Street Underground Storage Stormwater Management Facility 

Figure 24 schematically illustrates the location and configuration of the primary components of Alternative 1.  Alternative 1 
consists of an underground stormwater management facility located at the intersection of Warwick and Cambridge Street. 
Alternative 1 is a source control stormwater management system.  The underground stormwater management facility’s 
primary purpose is to capture, store and attenuate surface water runoff that accumulates in this low-lying area of the 
Warwick study area.  By providing an underground storage basin surface ponding within the low-lying area surrounding the 
intersection of Warwick and Cambridge would be limited during major storm events.  Underground surface water 
attenuation would allow the stormwater management facility to discharge back into the existing storm sewer systems at a 
controled rate, therefore limiting surcharging potential and reducing the frequency of street and backyard flooding in the 
general area of Warwick and Cambridge Street.  Several different options within Alternative 1 were considered.  Option 1 
requires the construction of a 3143 cu m underground storage facility discharging at a maximum rate of 0.75 cms to the 
Warwick trunk storm sewer.  In turn the area of Warwick and Cambridge would be provided a level of service at or above 
1:100-year levels.  Option 2 requires the construction of a 2388 cu m underground storage facility discharging at a maximum 
rate of 0.75 cms to the Warwick trunk storm sewer.  This Option would provide a 1:25-year level of service for the area. 

Figure 24: Alternative 1 – Warwick/Cambridge Underground Storage 

The Underground Storage alternative has several advantages including: 
• Eliminates potential flooding during major storm events. 
• Uses existing storm sewer systems as outlet of underground 

stormwater management facility. 
• Reduces potential surcharging of existing storm sewers. 
• Limited impact on residents during and after construction is completed. 
• Utilizes existing underground storm sewer infrastructure for an outlet and has a relatively small construction 

impact footprint. 

The Underground Storage alternative has several disadvantages including: 
• Requires custom surface drainage infrastructure in order to convey surface flows to underground storage facility 
• Direct impact on existing underground infrastructure and water services to residents near the intersection of 

Cambridge and Warwick Street. 
• Underground storage facility has a very high capital cost and ongoing maintenace/operational requirements in 

order to maintain its effectiveness. 

Alternative 2 – Warwick/Cambridge Street Underground Storage Stormwater Management Facility with controled surface 
storage within City right-of-way. 

Figure 25 schematically illustrates the location and configuration of the primary components of Alternative 2.  Alternative 2 consists of an underground stormwater management facility located at the intersection of 
Warwick and Cambridge Street similar to Alternative 1 but also utilizes surface storage to reduce the required volume of underground storage.  Alternative 2 is a source control stormwater management system.  The 

Figure 25: Alternative 2 – Warwick/Cambridge Underground Storage with Surface Storage
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underground stormwater management facility’s primary purpose is to capture, store and attenuate surface water runoff that accumulates in this low-lying area of the Warwick study area.  By providing an underground 
storage basin and a controled depth of surface ponding within the low-lying area surrounding the intersection of Warwick and Cambridge limitation would be put on the maximum depth of ponded water during major 
storm events.  Underground surface water attenuation would allow the stormwater management facility to discharge back into the existing storm sewer systems at a controled rate, therefore limiting surcharging potential 
and reducing the frequency of street and backyard flooding in the general area of Warwick and Cambridge Street. 

Several different options within Alternative 2 were considered.  Option 1 requires the construction of a 2643 cu m underground storage facility  and 500 cu m of above ground storage discharging at a maximum rate of 
0.75 cms to the Warwick trunk storm sewer.  In turn the area of Warwick and Cambridge would be provided a level of service at or above 1:100-year levels.  Option 2 requires the construction of a 1888 cu m underground 
storage facility and 500cu m of above ground storage discharging at a maximum rate of 0.75 cms to the Warwick trunk storm sewer.  This Option would provide a 1:25-year level of service for the area. 

The Underground Storage with controled surface storage alternative has several advantages including: 
• Limits the maximum depth of potential flooding during major storm events. 
• Uses existing storm sewer systems as outlet of underground stormwater management facility 
• Limits potential surcharging of existing storm sewers 
• Limited impact on residents during and after construction is completed 
• Utilizes existing underground storm sewer infrastructure for an outlet and has a relatively small construction impact footprint. 

The Underground Storage alternative has several disadvantages including: 
• Requires custom surface drainage infrastructure in order to convey surface 

flows to underground storage facility. 
• Direct impact on existing underground infrastructure and water services to 

residents near the intersection of Cambridge and Warwick Street. 
• Underground storage facility has a very high capital cost and ongoing 

maintenace/operational requirements in order to maintain its effectiveness. 
• Since this alternative incorporates surface storage, the ability to substantially 

lower the hydraulic grade line within upstream storm sewers will be limited. 
• Backflow prevention would be necessary for storm sewers on Cambridge and 

St. Albans to protect directly connected weeping tiles/foundation drains. 

Alternative 3 – Storm sewer upgrade from Warwick/Cambridge to Pittock Lake. 

Figure 26 schematically illustrates the primary components of Alternative 3.  Alternative 3 
consists of upgrading the Warwick trunk storm sewer to provide increased capacity to 
handle runoff from major storm events.  Alternative 3 is a conveyance control stormwater 
management system.  Since the Warwick trunk storm sewer was not originally designed to 
provide conveyance of flows exceeding the 1:5-year design storm event the entire storm 
sewer network would have to be upgraded in order to convey the 1:25 or 1:100-year 
design flows.  In order to achieve a storm sewer system upgrade of this nature 
approximately 1.6 km of storm sewer would be replaced, improving conveyance capacity 

Figure 26: Alternative 3 – Upgraded Warwick Trunk to Pittock Lake
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of the system up to the outlet located at Pittock Lake. 
The storm sewer upgrade alternative has several advantages including: 

• Reduces/eliminates flooding potential at the intersection of Warwick and Cambridge by providing increased stormwater conveyance capacity 
• Reduces potential surcharging in upstream storm sewer systems and therefore reduces potential for back-up into weeping tile connections along Cambridge and St. Albans. 

The Underground Storage alternative has several disadvantages including: 
• Requires custom surface drainage infrastructure in order to convey surface flows to high conveyance capacity storm sewer system 
• Custom inlet system would be required at the intersection of Cambridge and Warwick to capture flows during the major storm 
• Direct impact on existing underground infrastructure and water services to residents along the Warwick trunk storm sewer, including areas well outside the formal study area 
• Storm sewer upgrades to Pittock lake, including required road restoration and potential conflicts with utilities have a very high capital cost 
• Direct traffic impact on several key intersections within the City of Woodstock during construction of new trunk storm sewer 
• The existing condition of the Warwick trunk sewer, within the Warwick study area, is in good physicial condition and is not in need of replacement at this time. 

Alternative 4 – Upgraded Warwick storm sewer to new Stormwater Management Facility in Sloane Park. 

Figure 27 schematically illustrates the location and configuration of the components of Alternative 4. 
Alternative 4 combines capacity upgrades to the existing trunk storm sewer on Warwick Street with a 
new stormwater management facility located within Sloan Park.  Alternative 4 is combination 
conveyance and end-of-pipe stormwater management system. 

Figure 27: Alternative 4 – Upgraded Warwick Trunk to new Sloan Park SWM Facility

In order to avoid large-scale upgrades to the entire Warwick trunk storm sewer system (to Pittock Lake 
– Alternative 3) a stormwater management pond located in Sloane Park could be used to provide 
storage and attenuation of peak flows from the Warwick drainage area.  Placement of a stormwater 
management pond at the upstream end of the overall Warwick trunk storm sewer system has limited 
benefits to the local storm sewers upstream of the facility except for capping the upper limit of the 
hydraulic grade line at the maximum water surface elevation in the pond.  Since the Warwick trunk 
storm sewer was not originally designed to provide conveyance of flows exceeding the 1:5-year design 
storm event the Warwick trunk storm sewer would also have to be upgraded in order to convey the 
1:25  or  1:100-year  design  flows  from  the  low-lying  area  at  Warwick  and  Cambridge  to  the  proposed  
stormwater  management  facility.   In  order  to  achieve  a  storm  sewer  system  upgrade  of  this  nature  
approximately 425 m of storm sewer would be replaced, improving conveyance capacity of the system 
up to the outlet located within Sloan Park. 

Although this alternative was developed for the primary purpose of providing quantity control of 
stormwater runoff leaving the Warwick strudy area the proposed facility could be designed as a 
combination quality and quantity stormwater management facility.  Stormwater quality enhancement 
would be a direct benefit to the downstream receiving water system, the Thames River.  Design and 
construction of a stormwater management facility with a permanent pool would be subject to a 
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detailed geotechnical investigation during detailed design to ensure no negative impacts on local residences adjacent to Sloan Park. 

The storm sewer upgrade alternative has several advantages including: 
• Reduces/eliminates flooding potential at the intersection of Warwick and Cambridge by providing increased stormwater conveyance capacity to the proposed stormwater management pond in Sloan Park 
• Reduces potential surcharging in upstream storm sewer systems by limiting the potential hydraulic grade line in the upstream storm sewer system and therefore reduces potential for back-up into weeping tile 

connections along Cambridge and St. Albans 
• Provides the potential for the design and construction of a combined quality/quality stormwater management facility, providing water quality enhancement of flows entering Pittock Lake (Thames River). 

The Underground Storage alternative has several disadvantages including: 
• Requires custom surface drainage infrastructure in order to convey surface flows to high conveyance capacity storm sewer system 
• Custom inlet system would be required at the intersection of Cambridge and Warwick to capture flows during the major storm 
• Direct impact on existing underground infrastructure and water services to residents along the Warwick trunk storm sewer 
• The existing condition of the Warwick trunk sewer, within the Warwick study area, is in good physicial condition and is not in need of replacement at this time 
• Direct impact on existing natural environment features located within Sloan Park, including old-grown forest 
• Direct impact on existing land-use within Sloan Park. 

Alternative 5 – Strategically located Stormwater Management Facilities and Upgrade of Hughson Street 
Storm Sewer 

Figure 28 schematically illustrates the location and configuration of the components of Alternative 5. 
Alternative 5 combines several design concepts in order to achieve the most effective solution to increase 
the level of storm servicing within the Warwick study area.  The primary components of the alternative 
include, upgrade of the conveyance capacity of the Hughson storm sewer and diversion of several key 
laterals, incorporation of underground stormwater management facilities within DM Sutherland school 
and at the intersection of Warwick and Cambridge, and above ground stormwater management facilities 
located within the Fairgrounds property to the south and Knightsbridge Park to the north-west. 
Alternative 5 is based on providing a combination of source and conveyance stormwater management 
systems at stretegic locations within the watershed. 

Figure 28: Alternative 5 – Strategically located Stormwater Management Facilities and Hughson Street Upgrades

The primary component of Alternative 5 is the diversion and conveyance capacity upgrade of the Hughson 
storm sewer.  The existing storm sewer on Hughson (from Cambridge to Winchester) consists of a 450 mm 
pipe discharging to Vimmy Place.  The existing 450 mm storm sewer has limited hydraulic capacity and 
does not have the ability to capture or convey any major overland flow.  Currently the configuration of the 
storm sewer sees surface water flows generated by the catchment areas along Berkshire Drive directed to 
laterals crossing Hughson to Vimmy and across to Warwick.    The Hughson storm as well as the tributary 
areas along Bershire, including Vimmy Place, discharge to the existing Warwick trunk storm sewer which 
has limited hydraulic capacity and surcharges significantly during extreme wet weather conditions. 



City of Woodstock
Warwick and Norwich Area Flooding Study Report

Dillon Consulting Limited – July 2012 – Project Number 11-4355             Page 33

Compounding the problem is the fact that Hughson Street has a sawtooth road profile that is generally flat and lacks the ability to convey major overland flow to an acceptable receiving system. 

In order to redistribute flows and utilize potential future capacity in the Hughson trunk storm sewer located west of Cambridge a 900 mm storm sewer is proposed on Hughson from Cambridge to Winchester.  The 
proposed 900 mm storm sewer on Hughson will divert the flow from Berkshire and ultimately provide a connection for Vimmy and Windchester, shifting a significant portion of the drainage area out of the existing service 
area for the Warwick trunk.  In combination with conveyance capacity improvement on Hughson an above ground stormwater management facility is proposed for the Fairgrounds property at the south end of the 
Warwick study area.  The purpose of the stormwater management facility is twofold, to reduce the rate of runoff that ultimately discharges to the Hughson trunk storm sewer hence freeing up capacity for diverted flows 
from Berkshire, Vimmy and Winchester, and to reduce surcharging potential for the storm sewer downstream of the Fairground property.  Anecdotal observations from members of the public suggest that during heavy 
rains surface water ‘runs off’ of the Fairgrounds property and impacts backyards along Berkshire.  The storwater management facility would provide an outlet for major overland flow in addition to providing capacity relief 
of the downstream storm sewers.  Several options for the stormwater management facility have been investigated.  1:100-year level of service for the upstream drainage area could be provided by a facility with a storage 
volume of approximately  2300 cu m with a maximum discharge rate of 0.2 cms. 

In combination with the upgrades to the Hughson trunk storm sewer and Fairgrounds stormwater management facility, additional storage (source controls) are proposed at DM Sutherland School and at the intersection of 
Cambridge and Warwick.  Both stormwater management facilities aim to provide underground storage of runoff, particularly major overland flow, attenuate that flow and discharge back to the existing storm sewer 
systems at a controlled rate.  The attenuation and low-rate discharge at both locations will help to reduce minor system bypassing and surface flooding in the low-lying areas at Warwick and Cambridge.  The underground 
storage facility at DM Sutherland School represents a flow division, capturing and distributing major flows between the Warwick and upgraded Hughson systems.  Additional above ground storage within Knightsbridge Park 
is proposed to relief potential surcharging in the Knightsbridge storm sewer and to provide attenuation of peak flows generated by the 1:100-year storm event.  Storage and attenuation of major overland flows from the 
upstream drainage area will mitigate the situation where major flow on Knightsbridge is bypassing the minor storm system, flowing through rear-yards between Knightsbridge and St. Albans and eventually flowing towards 
Cambridge to the lowlying area at the intersection with Warwick. 

The strategically located stormwater management facilities and upgrade of Hughson Street storm sewer alternative has several advantages including: 
• Reduces/eliminates flooding potential at the intersection of Warwick and Cambridge by providing increased stormwater conveyance capacity along Hughson Street, divering flows from the Warwick trunk storm 

sewer catchment area 
• Redistributes flow from subcatchment areas along Berkshire, Vimmy and Winchester, increasing runoff conveyance to an outlet with available capacity 
• Provides a major/minor system outlet for drainage areas associated with the Fairgrounds, reducing surcharging potential in the downstream storm sewer connected to the Hughson trunk and stores major flows 

generated by the upstream area, reducing surface water bypassing to low-lying back yards along Berkshire 
• Provides relief of flooding potential at Warwick and Cambridge through the diversion of upstream drainage areas and the addition of underground storage at the intersection of Warwick 
• Provides control of major/minor system outlet for drainage areas associated with Knightsbridge Park, attenuating peak flows, reducing surcharging and providing control of major overland flow bypassing to St. 

Albans and Cambridge through rear yards along Knightsbridge 
• Reduces potential surcharging in upstream storm sewer systems and therefore reduces potential for back-up into weeping tile connections along Cambridge and St. Albans 
• Results in the reconstruction of Hughson Street, a street in need of improvements from poor pavement and infrastructure condition. 

The Underground Storage alternative has several disadvantages including: 
• Requires complete reconstruction of Hughson Street, including construction of new trunk storm sewer extending from Cambridge to Winchester 
• Requires property acquisition/agreement with private land owners, DM Sutherland School and Fairgrounds 
• Underground storage within the intersection of Cambridge and Warwick and DM Sutherland School has very high capital costs and ongoing maintenance requirements.
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Alternative 6 – Do Nothing 

Alternative 6 consists of doing nothing and continuing to service existing and future development with the existing storm and sanitary sewers within the study area over the long term.  With this alternative, the existing 
storm sewers will remain on Hughson, Warwick, Cambridge and St. Albans and deliver dry and provide deficient drainage of surface water runoff generated within the study area.  Alternative 6 does not provide storm 
servicing up to the normal level of service compared to the City of Woodstock design standards.  The storm sewers on Cambridge, St. Albans and Warwick Street will continue to operate at a level of service resulting in 
frequent surcharging and high potential for basement, street and backyard flooding.  Storm and sanitary infrastructure would be replaced or relined on an as needed basis when the condition of the pipe has deteriorated, 
with no improvements to pipe depths or capacity. 

The Do Nothing alternative has several major disadvantages including: 
• Infrastructure replacement will continue based on structural and condition needs, but it will not improve existing flooding and capacity issues. The lack of a long term infrastructure renewal plan will make 

decisions regarding relining versus replacement or upsizing difficult and will have no improvements on localized flooding problems 
• Future development in areas with inadequate capacity storm sewers will be very limited without further reduction in the level of service of storm drainage within the study area.  Significant development 

limitations will exist for the foreseeable future 
• Surcharging storm sewers and resultant basement flooding complaints will continue to reflect poorly on the City of Woodstock and continue to cause the general public within the study area to have difficulty 

protecting their homes with adequate insurance coverage 
• It does not conform to the City’s drainage policies, design standards and is not consistent with the Provincial Policy Statement 
• This alternative has a no construction cost but does not improve system performance. 

The do nothing alternative does not provide any relief of flooding in the Warwick study area it has been dismissed as a potential solution.  For this reason the do nothing alternative was not included in the alternative 
evaluation included in the following section. 

6.3.2 Warwick Study Area Alternative Evaluation 

To assess the alternative planning solutions for the Warwick study area and identify a preferred solution, alternatives were comparatively evaluated.  The comparative evaluation was completed based on the criterion 
identified in Section 6.3.  The goal of each of the presented alternatives was to meet as many as the planning objectives as possible, reducing the impacts of flooding within the Warwick Study area, while identifying design 
constraints such as ability to reduce flooding impacts, cost, property impacts and other impacts to Socio-economic and environmental resources within the study area.  Although each of the potential solutions presented in 
the list of alternatives have technical merit, the goal of the evaluation was to differentiate between the alternatives and evaluate them all considering the full range of environmental impacts as described in the EA Act. 
The broad definition of the environment includes consideration of infrastructure planning and public safety, technical effectiveness, cultural and natural resources, socio-economic and cost. 

Table 1 provides a summary of the planning level alternatives identified for the Warwick Study Area.
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Table 1: Warwick Study Area - Planning Alternatives Evaluation 

WARWICK STUDY AREA ALTERNATIVE 1 
Warwick/Cambridge Underground 

Storage 

ALTERNATIVE 2 
Warwick/Cambridge Underground 

Storage and Surface Storage 

ALTERNATIVE 3 
Truck Storm Sewer Upgrade to Pittock 

Lake 

ALTERNATIVE 4 
Sloan Park Stormwater Management 

Facility 

ALTERNATIVE 5 
Source Control SWM Facilities and Hughson Street 

Reconstruction 
Infrastructure and Safety Recommended Alternative 
Flood Risk Reduction Reduces potential for major overland 

flow to overflow from City right-of-way 
to private properties on 
Cambridge/Warwick and protects 
downstream properties from overflows 
caused by surcharging storm sewers. 

Reduces potential for major overland 
flow to overflow from City right-of-way 
to private properties on 
Cambridge/Warwick and protects 
downstream properties from overflows 
caused by surcharging storm sewers. 

Reduces potential for major overland flow 
to overflow from City right-of-way to 
private properties on Cambridge/Warwick 
and improves storm sewer servicing for 
downstream properties reducing the 
potential of overflows caused by 
surcharging storm sewers. 

Reduces potential for major overland flow to 
overflow from City right-of-way to private 
properties on Cambridge/Warwick and 
improves storm sewer servicing for 
downstream properties reducing the 
potential of overflows caused by surcharging 
storm sewers.  Reduces flows to existing 
storm sewer protecting downstream 
properties from overflows caused by 
surcharging storm sewers. 

Reduces potential for major overland flow to overflow from 
City right-of-way to private properties on 
Cambridge/Warwick and improves storm sewer servicing 
for downstream properties reducing the potential of 
overflows caused by surcharging storm sewers.  Reduces 
flows to existing storm sewer protecting downstream 
properties from overflows caused by surcharging storm 
sewers. 

Infrastructure Integration Utilizes existing storm sewer 
infrastructure. 

Utilizes existing storm sewer 
infrastructure. 

Requires upgrade to significant amount of 
existing storm sewer infrastructure, 
potential for numerous conflicts with other 
underground utilities. 

Requires upgrade to existing storm sewer 
infrastructure. 

Requires upgrade to existing storm sewer infrastructure. 

Project Extents Local improvements at the intersection 
of Cambridge and Warwick. 

Local improvements at the intersection 
of Cambridge and Warwick. 

1.6 km of road reconstruction required to 
upgrade storm sewer to outlet at Pittock 
Lake. 

400 m of local road reconstruction along 
Warwick and Sloan Street.  Local 
improvement within Sloan Park. 

Local improvements on elementary school and fairgrounds 
property.  700 m of local road reconstruction along 
Hughson Street from Winchester to Huron Street. 

Technical – Key Evaluation Criteria Recommended Alternative 
Level of Service Improvement Moderate - Provides underground 

storage of flows generated by 100-yr or 
25-yr storm event, eliminates flooding 
of roads and potential overflow to 
private properties. 

Moderate - Provides underground 
storage of 70% of flows generated by 
100-yr or 25-yr storm event and 
contains surface flooding within City 
right-of-way. 

Low - Reduces potential for surface 
flooding by conveying flows generated by 
the 100-yr or 25-yr storm event out of 
study area. 

Low - Reduces potential for surface flooding 
by conveying flows generated by the 100-yr 
or 25-yr storm event away from critical 
location.  Provides storage of flows 
generated by the 100-yr or 25-yr storm event 
within SWM facility, reducing outflow to 
existing storm sewer system. 

High - Reduces potential for surface flooding by providing 
control of flows generated by the 100-yr or 25-yr storm 
event within SWM facilities at the source.  Reduction in 
flows allows for redistribution of flows to local storm 
sewer system and increased conveyance capacity of local 
runoff.  Storage and diversion of flows significantly 
reduces the quantity of surface water flows being directed 
to critical flooding locations. 

Constructability Conflicts with existing sanitary sewers 
and complex construction project. 

Conflicts with existing sanitary sewers 
and complex construction project. 

Conflicts with existing underground 
infrastructure, highly complex 
construction project, significant 
construction staging and traffic staging 
requirements. 

Moderate complexity construction project. Moderate/high complexity construction project. 

Technical Complexity Moderate technical complexity. Moderate technical complexity. High technical complexity. Moderate technical complexity. Moderate technical complexity. 
Cultural and Natural Resources Recommended Alternative 
Achaeological Resources No impact. No impact. No impact. Low potential for archaeological resources 

within Sloan Park. 
Low potential for archaeological resources within 
Fairgrounds and elementary school property. 

Built Heritage and Cultural Landscapes No impact. No impact. No impact. Potential integration of SWM facility into 
existing recreational park. 

Potential integration of SWM facility into Fairgrounds race-
track. 

Terrestrial and Aquatic Resources No impact. No impact. No impact. Direct impact on existing terrestrial resources 
within Sloan Park. 

No impact. 

Socio-Economic Recommended Alternative 
Existing and Future Land Use No impact on existing and future land 

use. 
No impact on existing and future land 
use. 

No impact on existing and future land use. Impact on future recreational land use within 
Sloan Park. 

No impact on existing and future land use. 

Cost Recommended Alternative 
Capital Investement High capital costs for installation of 

underground storage tanks. 
Moderate/high capital costs for 
installation of underground storage 
tanks. 

Very High capital costs for installation of 
new trunk storm sewer and restoration of 
existing streets. 

Moderate/high capital costs for installation of 
new trunk storm sewer on Warwick/Sloan 
and restoration of existing streets. 

Moderate/high capital costs for multiple SWM facilities and 
reconstruction of Hughson. 

Maintenance Cost Higher than average ongoing 
maintenance for underground storage 
tanks. 

Higher than average ongoing 
maintenance for underground storage 
tanks. 

Minimal ongoing maintenance costs.  High 
long-term capital replacement cost. 

Average ongoing maintenance costs. Higher than average ongoing maintenance costs for 
underground tanks and stormwater management facilities.
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6.3.3 Norwich Study Area Planning Alternatives 

Unlike the Warwick study area, Alternatives for the Norwick study area have been developed based on several common themes.  The alternatives presented in the following section represent individual components of an 
overall stormwater management strategy.  Although the ability to implement various components of the system exists, the three basic alternatives have been developed in order to achieve varying levels of service for the 
Norwich study area.   The common element included in Alternative 1-3 is completing maintenance and impovements on the CN rail corridor drainage channel.  The existing channel represents the outlet of the Brick Ponds 
Provicially Significant Wetland and the receiving watercourse for both major and minor system flows on the north and south side of the rail corridor.  The existing channel is overgrown with woody vegetation and choked 
off from free flow conditions during significant rainfall events.  In order to improve the hydraulic capacity of the channel it is recommended that some channel geometry improvements be made, primarily by way of 
deepening the bottom of the channel.  The improved channel geometry and resultant hydraulic capacity will allow drainage infrastructure, primarily culverts crossing the rail corridor from north to south, to outlet with 
improved tailwater conditions and reduced hydraulic restrictions during high flow conditions.  The channel maintenance and improvement recommendation is included in all three Norwich study area alternatives 
described in detail in the following sections. 

Alternative 1 – Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street. 

Figure 29 schematically illustrates the location and configuration of the primary components of Alternative 1. 
Alternative 1 consists of a major overland flow diversion sewer on Water Street and floodproofing of the 
Norwich Recycling property.  Alternative 1 is a conveyance control stormwater management system.  The major 
overland flow diversion storm sewer’s primary purpose is to capture and convey surface water runoff that 
exceeds the design capacity of existing drainage infrastructure on Teeple, James and Water Street and direct it 
to  an  appropriate  oulet,  away  from  private  residences  located  along  the  south  side  of  Water  Street.   By  
providing an improved conveyance system surface ponding and overflow from the City right-of-way will be 
limited during major storm events.  Flood-proofing of the Norwich Recycling Underground, via construction of a 
containment  berm  along  the  west  side  of  the  James  Street  Park  will  protect  the  low-lying  area  to  the  west  
during high flow conditions in the CN rail corridor drainage ditches.  Berming will eliminate the possibility of 
flows bypassing the James Street Park culvert which conveys surface water runoof from the north side of the CN 
rail corridor to the south. 

Figure 29: Alternative 1 – Rail Channel Conveyance Improvements and Relief Sewer 

The Rail Drainage Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water 
Street alternative has several advantages including: 

• Eliminates potential flooding during major storm events on Water Street 
• Uses existing storm sewer system within James Street Park as an outlet for the major overland flow 

relief sewer on Water Street 
• Reduces potential surface ponding  and overflow from Water Street onto private property 
• Moderate impact on residents during and after construction is completed 
• Utilizes existing underground storm sewer infrastructure for an outlet and has a relatively small 

construction impact footprint. 
The Rail Drainage Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water 
Street alternative has several disadvantages including: 

• Requires custom surface drainage infrastructure in order to convey surface flows to relief sewer 
• Direct impact on existing underground infrastructure and water services to residents along Water
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Street 
• Direct impact on land-use within James Street Park. 

Alternative 2 – Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street in Combination with Stormwater Management Facility in James Street Park. 

Figure 30 schematically illustrates the location and configuration of the primary components of Alternative 2.  Similar to Alternative 1, Alternative 2 consists of a major overland flow diversion sewer on Water Street and 
floodproofing  of  the  Norwich  Recycling  property.   Alternative  2  also  incorporates  a  stormwater  management  facility  into  the  James  Street  Park.   Alternative  1  is  a  conveyance  and  end-of-pipe  control  stormwater  
management system.  The major overland flow diversion storm sewer’s primary purpose is to capture and convey surface water runoff that exceeds the design capacity of existing drainage infrastructure on Teeple, James 
and Water Street and direct it to an appropriate oulet, away from private residences located along the south side of Water Street.  By providing an improved conveyance system surface ponding and overflow from the City 
right-of-way will be limited during major storm events.  Flood-proofing of the Norwich Recycling Underground, via construction of a containment berm along the west side of the James Street Park will protect the low-lying 
area to the west during high flow conditions in the CN rail corridor drainage ditches.  Berming will eliminate the possibility of flows bypassing the James Street Park culvert which conveys surface water runoof from the 
north side of the CN rail corridor to the south. 

Figure 30: Alternative 2 – Stormwater Management Facility in James Street Park 
The stormwater management pond’s primary purpose is to provide quantity control of surface water runoff 
from the James Street storm sewer system and lands upstream of Tom Black Boulevard.  Flooding protection of 
the Norwich Recycling property is vastly improved by providing storage and peak flow attenuation of surface 
water flows generated by a range of design storm events.  The pond could be configured to provide levels of 
service ranging from the 1:25 to 1:100-year storm event.  The proposed stormwater management facility is a 
dry-pond facility but could be designed to incorporate water quality enhancement and provide additional 
protection of surface water resources downstream of the study area. 

The Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water 
Street in Combination with Stormwater Management Facility in James Street Park alternative has several 
advantages including: 

• Eliminates potential flooding during major storm events on Water Street 
• Uses existing storm sewer system within James Street Park as an outlet for the major overland flow 

relief sewer on Water Street 
• Reduces potential surface ponding  and overflow from Water Street onto private property 
• Moderate impact on residents during and after construction is completed 
• Utilizes existing underground storm sewer infrastructure for an outlet and has a relatively small 

construction impact footprint 
• Provides stormwater management of surface runoff from the James Street storm sewer system and 

reduces flows to the ultimate receiving watercourse, the south CN rail drainage channel.
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The Rail Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street in Combination with Stormwater Management Facility in James Street Park alternative has several 
disadvantages including: 

• Requires custom surface drainage infrastructure in order to convey surface flows to relief sewer 
• Direct impact on existing underground infrastructure and water services to residents along Water Street 
• Significant impact on land-use within James Street Park. 

Alternative 3 – Rail Drain Channel Conveyance Capacity Improvements and Major Overland Flow Relief Sewer on Water Street in Combination with Stormwater Management Facility in James Street Park including diversion 
of Storm Outfall from Tom Black Boulevard. 

Figure 31 schematically illustrates the location and configuration of the primary components of Alternative 3.  Alternative 3 is similar to Alternative 1 and 2 because it consists of a major overland flow diversion sewer on 
Water Street and floodproofing of the Norwich Recycling property.  Similary to Alternative 2, Alternative 3 also incorporates a stormwater management facility into the James Street Park.  Alternative 3 is a conveyance and 
end-of-pipe control stormwater management system. 

Figure 31: Alternative 3 – Stormwater Management Facility in James Street Park with Tom Black Drainage 
Area

Like Alternative 2, the stormwater management pond proposed as part of this alternative provides quantity control 
of surface water runoff from the James Street storm sewer system and lands upstream of Tom Black Boulevard.  The 
Alternative 3 pond also provide storage for storm sewer discharge from Tom Black Boulevard and includes an option 
to divert ditch flows from the CN corridor through the pond.  Flooding protection of the Norwich Recycling property 
is vastly improved by providing storage and peak flow attenuation of surface water flows generated by a range of 
design storm events.  The pond could be configured to provide levels of service ranging from the 1:25 to 1:100-year 
storm event.  The proposed stormwater management facility is a dry-pond facility but could be designed to 
incorporate water quality enhancement and provide additional protection of surface water resources downstream 
of the study area. 

The Rail Stormwater Management Facility in James Street Park including diversion of Storm Outfall from Tom Black 
Boulevard alternative has several advantages including: 

• Eliminates potential flooding during major storm events on Water Street 
• Uses existing storm sewer system within James Street  Park as  an outlet  for  the major  overland flow relief  

sewer on Water Street 
• Reduces potential surface ponding  and overflow from Water Street onto private property 
• Moderate impact on residents during and after construction is completed 
• Utilizes existing underground storm sewer infrastructure for an outlet and has a relatively small construction 

impact footprint 
• Provides stormwater management of surface runoff from the James Street storm sewer system and reduces 

flows to the ultimate receiving watercourse, the south CN rail drainage channel. 
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The Rail Rail Stormwater Management Facility in James Street Park including diversion of Storm Outfall from Tom Black Boulevard alternative has several disadvantages including: 
• Requires custom surface drainage infrastructure in order to convey surface flows to relief sewer 
• Direct impact on existing underground infrastructure and water services to residents along Water Street 
• Significant impact on land-use within James Street Park. 

Alternative 4 – Do Nothing 

Alternative 4 consists of doing nothing and continuing to service existing and future development with the existing storm and sanitary sewers within the study area over the long term.  With this alternative, the existing 
unmaintained channel will remain along the south side of the CP rail corridor, storm sewers on St. James will continue to provide inadequate conveyance capacity for storm flows generated in upstream drainage areas and 
potential bypassing of drainage infrastructure through the CN rail corridor will continue to impact private property.  Alternative 4 does not provide storm servicing up to the normal level of service compared to the City of 
Woodstock design standards.  Storm and sanitary infrastructure would be replaced or relined on an as needed basis when the condition of the pipe has deteriorated, with no improvements to pipe depths or capacity. 
The Do Nothing alternative has several major disadvantages including: 

• Infrastructure replacement will continue based on structural and condition needs, but it will not improve existing flooding and capacity issues. The lack of a long term infrastructure renewal plan will make decisions 
regarding relining versus replacement or upsizing difficult and will have no improvements on localized flooding problems 

• Future development in areas with inadequate capacity storm sewers will be very limited without further reduction in the level of service of storm drainage within the study area.  Significant development limitations 
will exist for the foreseeable future 

• Surcharging storm sewers and resultant basement flooding complaints will continue to reflect poorly on the City of Woodstock and continue to cause the general public within the study area to have difficulty 
protecting their homes with adequate insurance coverage 

• It does not conform to the City’s drainage policies, design standards and is not consistent with the Provincial Policy Statement 
• This alternative has a no construction cost but does not improve system performance. 

The do nothing alternative does not provide any relief of flooding in the Norwich study area it has been dismissed as a potential solution.  For this reason the do nothing alternative was not included in the alternative 
evaluation included in the following section. 

6.3.4 Norwich Study Area Alternative Evaluation 

To assess the alternative planning solutions for the Warwick study area and identify a preferred solution, alternatives were comparatively evaluated.  The comparative evaluation was completed based on the criterion 
identified in Section 6.3.  The goal of each of the presented alternatives was to meet as many as the planning objectives as possible, reducing the impacts of flooding within the Warwick Study area, while identifying design 
constraints such as ability to reduce flooding impacts, cost, property impacts and other impacts to Socio-economic and environmental resources within the study area.  Although each of the potential solutions presented in 
the list of alternatives have technical merit, the goal of the evaluation was to differentiate between the alternatives and evaluate them all considering the full range of environmental impacts as described in the EA Act. 
The broad definition of the environment includes consideration of infrastructure planning and public safety, technical effectiveness, cultural and natural resources, socio-economic and cost. 

Table 2 provides a summary of the planning level alternatives identified for the Norwich Study Area.
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Table 2: Norwich Study Area Planning Alternatives Evaluation 

NORWICH STUDY AREA ALTERNATIVE 1 
Water Street Major Flow Relief and Norwich Recycling Flood--

Proofing 

ALTERNATIVE 2 
Water Street Major Flow Relief and James Street Park 

Stormwater Management Facility 

ALTERNATIVE 3 
Water Street Major Flow Relief, James Street SWM Facility, and 

Storm Sewer Diversion from Tom Black 
Infrastructure and Safety Recommended Alternative 
Flood Risk Reduction Reduces potential for major overland flow to overflow from City right-

of-way to private properties on Water Street and protects downstream 
properties from overflow from rail corridor drainage system. 

Reduces potential for major overland flow from City right-of-way to 
private properties on Water Street, SWM provides storage of storm 
sewer discharge from new storm sewer and existing storm sewers from 
James Street protecting downstream properties from receiving 
overland flow. 

Reduces potential for major overland flow from City right-of-way to 
private properties on Water Street, SWM provides storage of storm 
sewer discharge from new storm sewer and existing storm sewers from 
James Street.  Further protects downstream properties by providing 
storage of runoff from rail corridor drainage system and Tom Black 
storm sewer. 

Infrastructure Integration Requires new infrastructure on Water Street. Requires new infrastructure on Water Street and ties into existing 
infrastructure in James Street Park.  New SWM facility in James Street 
Park.. 

Requires new infrastructure on Water Street, extension of existing 
storm sewer infrastructure on Tom Black and ties into existing 
infrastructure in James Street Park.  New SWM facility in James Street 
Park. 

Project Extents Local improvements on Water Street and within James Street Park 
adjacent to Norwich Recycling property. 

Local improvements on Water Street and within James Street Park. Local improvements on Water Street and within James Street Park 

Technical – Key Evaluation Criteria Recommended Alternative 
Level of Service Improvement Low - Water Street major flow relief system designed to convey flows 

generated by 100-yr storm event.  Flood-proofing berms designed to 
divert flows from overflowing onto private property. 

Moderate - Water Street major flow relief system designed to convey 
flows generated by 100-yr storm event.  SWM facility designed to 
store runoff from 100-yr storm event, discharging at a significantly 
reduced rate to the downstream receiving channel south of the rail 
corridor. 

High - Water Street major flow relief system designed to convey flows 
generated by 100-yr storm event.  SWM facility design to store runoff 
from 100-yr storm event from significant upstream drainage area, 
discharging at a moderately reduced rate to the downstream 
receiving channel south of the rail corridor. 

Constructability Basic construction project. Basic construction project. Basic construction project. 
Technical Complexity Low technical complexity. Moderate technical complexity. Moderate technical complexity. 
Cultural and Natural Resources Recommended Alternative 
Achaeological Resources Minimal impacts on previously developed area. Low potential for archaeological resources within James Street Park. Low potential for archaeological resources within James Street Park. 
Built Heritage and Cultural Landscapes No impact. New SWM facility can be integrated into existing park setting. New SWM facility can be integrated into existing park setting. 
Terrestrial and Aquatic Resources Maintenance activities within channel south of rail corridor will have 

direct impacts on existing terrestrial and aquatic resources. 
Maintenance activities within channel south of rail corridor will have 
direct impacts on existing terrestrial and aquatic resources. 

Maintenance activities within channel south of rail corridor will have 
direct impacts on existing terrestrial and aquatic resources. 

Socio-Economic Recommended Alternative 
Existing and Future Land Use Minimal impacts on existing and future land use. Significant impact on land use within James Street Park. Significant impact on land use within James Street Park. 
Cost Recommended Alternative 
Capital Investement Low/moderate costs for installation of new storm sewer on Water 

street and flood-proofing berms along Norwich Recycling property. 
Moderate costs for installation of new storm sewer, flood-proofing and 
construction of SWM facility. 

Moderate/high costs for installation of new storm sewer, flood-
proofing and construction of SWM facility with connection to existing 
storm sewers. 

Maintenance Cost Minimal ongoing maintenance costs. Ongoing maintenance required for SWMF. Ongoing maintenance required for SWMF. 

6.4 Recommended Planning Alternative 
The results of the evaluation and the concerns brought forward that the public meeting held on November 23, 2011, are referenced in Section 4 of this report.  Additional consultation and correspondence with the public 
and regulatory agencies is provided in Appendix B.  Based on the evaluation of the planning alternatives, the recommended alternative for managing basement and yard flooding within the Warwick study area is 
Alternative 5, Strategically Located Stormwater Management Facilities with Upgrades to the Hughson Street Storm Sewer.  The recommended alternative for managing surface water flooding within the Norwich study area 
is Alternative 3, Water Street Major Flow Relief, James Street Park Stormwater Management Facility with the Diversion of the Existing Tom Black Storm Sewer.  After receiving a number of additional comments from the 
City of Woodstock minor modifications were made to each of the recommended alternatives.  With exception to the modifications described in the following sections, no additional alternatives where developed for 
consideration during Phase 2 of the Environmental Assessment. 

Although at the project onset, it was anticipated that the flooding study would recommend one improvement project for each of the study areas, the combination of several management strategies proved to have merit 
and were explored.  The combination of strategies required the development of an overall implementation strategy that reflected the City’s long term capital expenditure program.  The implementation strategy for both 
study areas is presented in Section 7 of this report.
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6.4.1 Warwick Study Area Alternative 5 Design Concept Refinement 

The Warwick study area Alternative 5 concept is based on two main components, providing source controls to limit the maximum 
rates of runoff reaching critical storm sewer infrastructure and improving infrastructure where capacity deficiencies cannot be 
mitigated by attenuation and storage during major storm events. 

As previously described the trunk storm sewers within the Warwick study area have deficient hydraulic capacity to convey design 
storm events exceeding the 1:5-year event.  Because the study area lacks major overland flow routes the existing storm sewer 
network is relied on to provide conveyance of all design flows up to the 1:100-year event.  The hydraulic analysis completed for this 
study highlights the lack of capacity in many of the trunk sewers, but also illustrated an opportunity to take advantage of available 
capacity in the west end of the Hughson trunk storm sewer. Figure 32 graphically illustrates the results of the 1:100-year hydraulic 
grade line analysis completed on the Warwick Study Area.  As illustrated, the last two storm sewer links representing the final 
sections of the Hughson trunk storm sewer east of Huron Street indicate marginal or adequate hydraulic capacity for flows generated 
by the 1:100-year storm event. 

Figure 32: Warwick Study Area 1:100-year Hydraulic Grade Line Analysis 

Building on the availability of hydraulic capacity in the Hughson trunk storm sewer west of Sydenham a series of hydraulic model 
scenarios were iterated in order to illustrate the benefits of each individual component of the Alternative 5 strategy.  The first step in 
improving system performance was to incorporate improved conveyance capacity on Hughson and redirect storm flows originating 
from Berkshire while ‘cutting off’ conveyance of storm flows down Vimmy toward the Warwick trunk storm sewer.  The first iteration 
also included picking up partial storm flows on Winchester with a new flow splitting manhole just west of DM Sutherland School. 

The benefits of redirecting storm flows to the west down Hughson are immediately evident in the hydraulic model. Figure 33 
illustrates when the new storm sewer,  ranging in size from 1350 to 1800 mm diameter is  constructed on Hughson and several  key 
storm laterals are rerouted there is immediate relief to the downstream portion of the Warwick trunk storm sewer.  The diversion of 
flow significantly reduces the surcharging condition previously experienced through Sloan Park during the 1:100-year storm event. 
Hydraulic grade line calculations also indicate an improvement in the surcharging condition along Warwick, south to Cambridge Street 
but not total relief of that system since the addition of the Hughson trunk does not have the capability of interception major flow 
along Warwick to the east. 

Figure 33: Warwick Storm Network Performance with Hughson Upgrades

In order to eliminate potential flooding at the intersection of Warwick and Cambridge a combination of conveyance system upgrades 
and  storage  are  required  in  the  area  of  DM  Sutherland  School.   Figure  34  illustrates  the  storage  node  within  the  DM  Sutherland  
School property south of Warwick but the storage could be located within the City owned right-of-way and avoid impacts to private 
property.  The right-of-way storage solution would be incrementally more expensive due to potential conflicts with other 
underground utilities and load rating specifications on the underground tankage under live traffic.  The addition of 1150 cu m of 
storage in the area of DM Sutherland School, construction of a series of catch basins capable of capturing and conveying the 1:100-
year flows generated by the upstream drainage area and a controlled release rate of 0.25 cms discharging back to the Warwick storm 
sewer results in levels of service approaching the 1:25-year rate.  The addition of another underground stormwater management 
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facility at the intersection of Cambridge and Warwick would provide a 1:100-year level of service for the roadway 
intersection, essentially eliminating all surface flooding and significantly reducing the relative elevation of the hydraulic 
grade line within local sewers therefore significantly reducing flooding potential.  The storage node at the intersection of 
Warwick and Cambridge would have to provide a total of 400 cu m of storage volume and discharge at a rate of 0.25 cms 
back to the existing 900 mm Warwick trunk storm sewer. 

As illustrated in Figure 34, there is marginal benefit to the local storm sewers upstream of the DM Sutherland School 
storage  system,  particularly  on  Berwick  Street.   The  existing  local  storm  sewer  on  Berwick  Street  does  not  have  the  
hydraulic capacity to capture and convey flows generated by the 1:100-year storm, nor would it ever be designed to since 
it has a continuous major overland flow route directing surface water runoff towards Warwick.  The oversized catch basins 
on Warwick would capture flows exceeding the inlet and pipe capacity of the Berwick system and direct excess flows to the 
underground storage facility. 

Figure 34: Warwick Storm Network Performance with Refined Alternative 5

The final component of the Alternative 5 stormwater management strategy is the construction of a stormwater 
management facility on the Fairgrounds property at the south end of the study area.  The objective of the  stormwater 
management pond is to provide enough storage to capture and attenuate the major overland flows generated by the 
upstream drainage area.  The drainage area upstream is characterized as having high levels of imperviousness and high 
runoff potential.  The addition of the stormwater management pond would not only relief surcharging within the storm 
sewer system downstream but also provides a more appropriate outlet for major overland flows generated by the paved 
areas to the south.  Containment of flows exceeding the capacity of the local storm sewer system will control potential surface water runoff from the fairgrounds entering the backyards of houses on Berkshire Drive. 
Freeing up of hydraulic capacity in the existing sewer would provide an adequate outlet for the local storm sewer on Berkshire subsequently improving surface drainage characteristics.  The addition of the stormwater 
management pond on the fairgrounds property would have little to no benefit for the local storm sewer on Nellis Street.  Similar to the Berwick storm sewer, flows exceeding the 1:5-year design storm will continue to 
bypass the system and flow overland to the proposed pond location. 

It should be noted that the storage component within Knightsbridge Park is not included in the refined Alternative 5 stormwater management solution.  After further hydraulic assessment it was found that the contributing 
drainage area upstream of Knightsbridge Road is not of sufficient size to produce significant volumes of stormwater runoff.  The highly pervious nature of the drainage area results in significant amounts of infiltration and 
vegetative uptake reducing rates of projected runoff for the 1:100-year storm event.  Although Figure 31 illustrates that the local storm sewer from Knightsbridge to St Albans and down to Cambridge is surcharging under 
the 1:100-year design storm the model does not reflect the fact that most of the major flow generated by the Knightsbridge catchments would bypass the storm sewer system and flow overland to low-lying areas within 
the drainage basin.  The existing Knightsbridge storm sewer does not have sufficient inlet capacity to capture major overland flow and therefore only contributes minor flows to the downstream storm sewer system. 

6.4.2 Norwich Study Area Alternative 3 Design Concept Refinement 
The common element of all three Norwich study area Alternatives is the recommended improvements to the drainage channel that exists along the south side of the CN rail corridor.  The channel itself represents the final 
outlet for the entire Brick Ponds Wetland complex but also provides local drainage of the rail corridor, adjacent lands to the north and a portion of the residential properties to the south.  The drainage channel is the 
upstream end of an extensive storm drainage system that discharges to Cedar Creek within Southside Park.  Prior to the second PIC, several field visits were taken to further investigate the general condition of the channel 
and to identify significant design constraints for future channel improvements or general maintenance.  As illustrated in Figure 35 (Photo 1-3) the channel is very overgrown with mature vegetation flanking the banks and 
low flow channel.  At various locations along the length of the channel the rail embankment to the north and channel slope along the south demonstrates progressive failure due to erosion and scour.  Notably significant 
degradation exists at the downstream end of the culvert crossing the rail corridor opposite of James Street Park. Figure 35 (Photo 3) also illustrates an ongoing issue at the inlet structure just east of Norwich Avenue, the 
grate system is significantly obstructed from the accumulation of debris and trash.
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Figure 35: CN Rail Drainage Channel Photo 1-3 

With exception of a number of localized scour and erosion sites the general condition of the drainage channel was found to be in good condition.  Although the previous Alternative 3 recommendation was to explore 
opportunities to deepen the channel it appears that the bottom of the channel is at an appropriate elevation when compared to the inlet structure to the Norwich Ave storm sewer system.  Further deepening of the 
channel would have limited conveyance capacity improvements and do little to lower normal water levels in the ditch.  The recommended improvements should focus on clearing of overgrowth in order to improve the 
conveyance capacity of the channel at higher stages, repairing local erosion sites and establishing a maintenance program for the trash rack protecting the Norwich Ave sewer inlet. 

The remaining recommendations related to Alternative 3, including construction of a major overland flow diversion system on Water Street, flood-proofing of Norwich Recycling, construction of a stormwater management 
quantity control pond in James Street Park and diversion of the Tom Black storm sewer were not refined as part of the review process for the planning alternatives. 

7.0 Preferred Solution Implementation Strategy 
The conceptual designs for Alternative 5 (Warwick) and Alternative 3 (Norwich) are described in Section 6.3.1 and 6.3.2 of this report. The phasing and timing for the implementation of the preferred solutions for the 
Norwich and Warwick study areas are briefly summarized in the following sections. 

7.1 Phasing of Improvement Works 
The stormwater management strategy for the Warwick and Norwich study areas have been developed based on the preferred concepts described in Chapter 6 of this study report.  The proposed stormwater management 
strategies are conceptually illustrated in Figure 28 and Figure 31.   The following section briefly describes the recommended phasing, listed in order of priority, of improvement works related to the recommended planning 
alternatives for the study areas.  The phasing plan has been developed based on a logical progression of storm drainage improvements for each of the study areas.   The implementation strategy is subject to funding
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availability of the City of Woodstock’s capital works program.  At the time of preparation of this report it was understood that Phase 1 for the Warwick Study Area was included in the 2013 capital works program and would 
proceed through detailed design during the fall and winter of 2012. 

Warwick Study Area 
Phase 1 Upgrade existing Hughson Street storm sewer from Sydenham to Winchester, reconstruct roadway, redirect local storm sewers, and improve inlet capacity to new storm sewer. 
Phase 2 Construct underground stormwater management facility on DM Sutherland School property or within Warwick Street road right-of-way adjacent to school, install flow splitting manhole on Winchester, 

improve inlet capacity on Warwick Street connecting to underground facility. 
Phase 3 Construct underground stormwater management facility at intersection of Warwick and Cambridge Street, improve inlet capacity on Cambridge Street connecting to underground facility. 
Phase 4 Construct Fairgrounds stormwater management facility. 

Norwich Study Area 
Phase 1 Complete improvements to CN rail drainage ditch, repair local erosion sites, complete regular maintenance of existing trash rack at Norwich Ave storm inlet. 
Phase 2 Construct major overland flow diversion system on Water Street, improve inlet capacity to new storm sewer, make temporary connection to existing James Street outlet storm sewer. 
Phase 3 Construct flood-proofing berm adjacent to Norwich Recycling property along the west limit of James Street Park, clean out existing James Street Park culvert under CN railway and improve culvert inlet. 
Phase 4 Construct James Street Park stormwater management facility, divert existing Tom Black storm sewer to new pond, redirect existing north CN rail ditch. 

7.2 Estimated Construction Costs For City of Woodstock Capital Program Planning 
The following summary provides a high level capital cost estimate based on the components of the conceptual stormwater management strategies for the Warwick and Norwich study areas.  The estimates provided in the 
following tables are for budgeting purposes only and are subject to refinement during preliminary and/or detailed design. 

Warwick Study Area 

Alternative 5 - Phase 1 Hughson Street Reconstruction and Storm Infrastructure Improvements 
Road Reconstruction – 700 m @$730/m $ 511,000.00 
Trunk Storm Sewer Installation – 700 m $ 340,500.00 
Alternative 5 - Phase 2 DM Sutherland Underground SWM Facility Expansion 
100 yr 100% Underground SWM Facility – 1132 m3 $ 315,000.00 
STM Reconfiguration and Flow Split MH $ 50,400.00 
Alternative 5 - Phase 3 Full OR Partial Underground SWM Facility at Warwick and Cambridge 
100 yr 100% Underground SWM Facility – 800 m3 $ 400,000.00 
100 yr Partial Underground SWM Facility with Above Ground 
Storage within Cambridge Street Right-of-Way – 300 m3 $ 150,000.00 
Alternative 5 - Phase 4 Fairgrounds Track SWM Facility 
100 yr SWM Facility – 2500 m3 Dry Pond $ 92,500.00
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Norwich Study Area 

Alternative 3 - Phase 1 Channel Improvements 
Rail Corridor Drainage Channel Cleanout – 350 m $ 220,750.00 
Alternative 3 - Phase 2 Major Flow Diversion System on Water Street 
Secondary STM and Road Reconstruction $ 184,500.00 
Alternative 3 - Phase 3 Norwich Recycling Flood-Proofing 
Flood Protection Grading Work and Local Berming $ 15,000.00 
Alternative 3 - Phase 4 James Street SWM Facility 
100 yr SWM Facility – 12000 m3 Dry Pond $ 224,500.00 

7.3 Detailed Design Considerations 
The following activities are required as part of the detailed design for each individual phase of the recommended stormwater management plan implementation: 

• Topographic and Legal Surveys 
• Confirm Property Request Plans 
• Utility Relocation Plans 
• Liason with utilities to confirm need and timing for relocations 
• Confirm property required and review with property owners (if applicable) 
• Complete Stage 2 Archaeological Assessment and further assessments if required 
• Complete Landscape Plan 
• Review stormwater management plan for lands within CN corridor and review maintenance plan with CN during detailed design of the Phase 1 improvements. 

7.4 City of Woodstock Non-Capital Works Program Planning 
In addition to the capital works programs to be implemented over the coming years, a number of non-capital works programs have been identified that will help 
mitigate future flooding events prior to the major capital works programs and stormwater management upgrades being completed.  The majority of these 
improvements have the ability to be completed in a relatively short time frame by City staff.  This technical memo describes the non-capital improvements for each 
Study Area, which can generally be divided into two types; sanitary and storm sewer system improvements. 

Sanitary Sewer Maintenance Hole Lid Retrofits 
Based on Dillon’s flooding survey distributed to residents, the majority of properties that were affected by basement flooding experienced it as a sanitary back-up 
through basement floor drains, basement toilets, basement shower drains, etc.  Sanitary sewer backup into basements can be facilitated by inflows into sanitary 
sewer manholes, particularly when significant water has accumulated on streets, which has been identified by local residents as occurring frequently near the 
intersection of Warwick and Cambridge Street.  To help alleviate surcharging stormwater through sanitary manholes, a number of watertight sanitary sewer manhole 
lid retrofits are proposed at certain low lying locations. 

Several manhole retrofit options have been identified to reduce wet weather infiltration into the sanitary collection system.  Option 1 involves the replacement of 
standard manhole frame and lids with sealed-bolted units.  A standard OPSD 401.030 Sealed Cast Iron Manhole Frame (shown in the adjacent image) that is typically 
used to seal sanitary collection systems.  The frames are gasketed and bolt down to the frame to form a watertight seal but in a retro-fit application would require 
saw-cutting of the existing asphalt, asphalt removal, the original frame to be removed and adjacent pavement restored once the new frame was installed.  This type
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of retrofit is possible but is labor intensive and requires disturbance of existing asphalt pavement.  In situations where manholes require rehabilitation or rebuilding (due to settlement or damage to modulock risers) 
swapping standard lids and frames for OPSD 401.030 Sealed Cast Iron Manhole Frames should be considered. 

Sealed/Bolted Manhole Frame solution: 
OPSD 401.030 Sealed Cast Iron Manhole Frame 
Distributed by EMCO Corporation (London, ON) 
Unit Cost, not including road/asphalt restoration - $525.00 

A lower cost alternative solution for sealing manhole lids, more suitable for retrofit type applications has also been 
identified.  Option 2 involves utilizing an insert-style manhole lid seal.  There are a number of units on the market that 
provide adequate lid seals which greatly reduce the amount of surface water inflow into sanitary collection systems. 
Recently Dillon has specified Parson’s Rainstopper Manhole Inserts on a City of London project and their performance has 
been effective at limiting surface water inflow in a parking lot setting where flow accumulation had been observed.  The 
Rainstopper insert is a simple high density plastic insert that is placed below a standard manhole lid (also available in non-
standard manhole frame sizes), a polyurethane gasket is also available as an option to improve the seal between the frame 
and manhole lid. 

Potential low cost manhole lid seal solution: 
Parson Environmental Rainstopper Insert 
Distributed by EMCO Corporation (London, ON) 
Standard Rainstopper MH Insert - $105.00 

The following table identifies locations where retrofitted manhole lid seals are recommended to reduce surface water infiltration into the sanitary collection system. 

Table 3 – Identified Sanitary Sewer Manhole Retrofits 

Structure ID Location Comment Recommended Upgrade 
Not Available (ID not 
included in GIS database) 

Hughson Street between Cambridge Street and Jubilee Place Manhole is in a low lying area of Hughson Street subject to flooding. Rainstopper MH Insert 

SA722202 Hughson Street East of Cambridge Street Manhole is in a low lying area of Hughson Street subject to flooding. Rainstopper MH Insert 
SA722313 Hughson Street East of Cambridge Street Manhole is in a low lying area of Hughson Street subject to flooding. Rainstopper MH Insert 
SA722240 Cambridge Street West of Warwick Street Manhole is in a low lying area of Cambridge Street subject to flooding. Rainstopper MH Insert 
SA722272 Cambridge Street at Warwick Street Intersection Manhole is in a low lying area of Cambridge and Warwick Streets subject to flooding. Rainstopper MH Insert 
SA722263 Warwick Street North of Cambridge Street Intersection Manhole is in a low lying area of Warwick Street subject to flooding. Rainstopper MH Insert 
SA722303 Warwick Street South of Cambridge Street Intersection Manhole is in a low lying area of Warwick Street subject to flooding. Rainstopper MH Insert 
SA722315 Warwick Street South of Cambridge Street Intersection Manhole is in a low lying area of Warwick Street subject to flooding. Rainstopper MH Insert 
SA722261 Intersection at Warwick Street and Chesham Place Manhole is in a low lying area of Warwick Street subject to flooding. Rainstopper MH Insert 
SA722259 Warwick Street north of intersection of Warwick Street and Chesham Place Manhole is in a low lying area of Warwick Street subject to flooding. Rainstopper MH Insert 
SA722223 Cul-de-sac west of Blandford Street. Cul-de-sac is in a topographically low-lying area. Rainstopper MH Insert
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Storm Sewer System Improvements 
Dillon’s investigation into the recurring flooding problems in each Study Area revealed a series of deficiencies in the overall storm sewer system.  A number of non-capital investigations and upgrades have been identified 
at select locations in the storm sewer system.  These consist of: 

• Rear yard drainage investigations and improvements 
• Storm sewer catch basin inlet capacity improvements 
• Storm sewer system improvements. 

Rear Yard Drainage Investigations and Improvements 
As described in Section 3.1.2, many of the rear yards within the Warwick study area are relatively low lying in comparison with the streets fronting the properties.  Topography has required storm services be extended to 
certain rear yard areas to attempt to achieve proper drainage.  Several of the rear yard areas are serviced by aging tile drains with limited inlet and conveyance capacity.  Further, some residents have identified that rear 
yard catch basins are elevated above ground surface increasing the flooding in areas as water must pond to a significant depth before it can enter into the catch basin inlet.  As a result, a number of improvements to rear 
yard drainage have been identified and are summarized below. 

Table 4 – Rear Yard Catch basin Lead Inspections and Improvements 

Pipe ID Location Total Length of Pipe (m) Comment Recommended Upgrade 

SW1, SW13

Rear yards between 154 and 126 Sydenham 
Street. 154.6 

Aging 100 mm clay tile (SW1) and 200 mm concrete 
pipe (SW13) draining rear yards to storm sewer on 
Hughson Street.  Condition of leads unknown. 

CCTV video inspection of catch basin leads to storm sewer. 
Depending on condition of drainage tile, cleanout or replace.

Not Available (ID not included in GIS 
database) 

Rear yards on Wilton Crescent between Sloan 
Street and Wilton Place and rear yards on 
Warwick Street between Sloan Street and 
Chesham Place. 

187.8 Catch basin lead is unknown material and condition. 
Only one catch basin drains all properties. 

CCTV video inspection of drain to storm sewer.  Depending on 
condition of drainage pipe, cleanout or replace.

SW3339
Catch basin lead between 829 and 831 
Berkshire Street. 36.0 

Approximately 30-year old 200 mm diameter 
concrete pipe in unknown condition.  Catch basin 
lead drains to storm sewer on Berkshire Street. 

CCTV video inspection of drain to storm sewer.  Depending on 
condition of drainage pipe, cleanout or replace.

SW6596, SW6595 Rear yard at 800 Cambridge Street, draining 
to storm sewer main on Cambridge Street. 55.1 Approximately 30-year old 150 mm diameter catch 

basin lead of unknown material or condition. 
CCTV video inspection of drain to storm sewer.  Depending on 
condition of drainage pipe, cleanout or replace.
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Table 5 – Rear Yard Catch basin Inlet Inspections and Improvements 

CB ID Location Number of Catch basins Comment Recommended Upgrade 

Unknown 
(1,2)

Rear yards between 154 and 126 Sydenham 
Street 2 

Condition and elevations of catch basin inlets 
unknown. 

Check catch basin inlet conditions and elevations relative to 
ground surface.  Lower catch basin to grade if required.

CB032211

Rear yards on Wilton Crescent between Sloan 
Street and Wilton Place and rear yards on 
Warwick Street between Sloan Street and 
Chesham Place. 

1 

Only one catch basin drains rear yards of all 
properties.  Condition and elevation of catch basin 
unknown. 

Check catch basin inlet condition and elevation relative to 
ground surface.  Lower catch basin to grade if required.

CB032387 Catch basin lead between 829 and 831 
Berkshire Street. 1 Condition and elevation of one catch basin is 

unknown. 
Check catch basin inlet condition and elevation relative to 
ground surface.  Lower catch basin to grade if required.

CB022167, CB022186
Rear yard at 800 Cambridge Street, draining 
to storm sewer on Cambridge Street. 2 

Two catch basins in rear yard at 800 Cambridge 
Street at unknown elevation and in unknown 
condition. 

Check catch basin inlet conditions and elevations relative to 
ground surface.  Lower catch basin to grade if required.

CB032305, CB032306 Rear yard at 828 Warwick Street, adjacent to 
walkway leading to Vimy Place. 2 Two catch basins adjacent to pedestrian walkway at 

unknown elevation and in unknown condition. 
Check catch basin inlet conditions and elevation relative to 
ground surface.  Lower catch basin to grade if required.

ST032358 Rear yards between 830 Hughson Street and 
835 Berkshire Street. 1 Single grate catch basin manhole at unknown 

elevation and in unknown condition. 
Check catch basin inlet condition and elevation relative to 
ground surface.  Lower catchbasin to grade if required.

ST022015 Side yard (west) at 781 St. Alban’s Crescent. 1 Single catch basin or catch basin manhole at 
unknown elevation and in unknown condition. 

Check catch basin inlet condition and elevation relative to 
ground surface.  Lower catch basin to grade if required.

Storm Sewer Catch Basin Inlet Capacity Improvements 
In addition to the rear yard drainage investigation and improvements, some roadside catch basin inlets have been identified as in need of cleaning and/or upgrading to improve inlet capacity performance.  Several of the 
roadside catch basins in both study areas are currently standard single grate gutter inlet catch basins, which have limited inlet capacity.  The performance of these catch basins are drastically reduced once deleterious 
materials (sediment buildup, trash, leaves, etc.) block the catch basin inlets, preventing stormwater from entering the storm sewer 
system, leading to ponding on the road surface or in some cases bypassing of the inlet allowing surface water runoff to reach lower points 
in the drainage area.  Bypassing of catch basin inlets may be indirectly contributing to the undesirable accumulation of major overland 
flow in a number of locations throughout the study areas. 

Several basic upgrade options have been identified aimed to improve the inlet capacity of specific catch basins within the study areas. 
These upgrade options represent relatively low cost methods of improving the capture efficiency of the storm drainage system while 
minimizing the disturbances to the adjacent roadway.  Upgrade option 1 includes the use of a concrete curb and gutter setback.  A 
setback detail similar to one that is shown shifts the grate of the catch basin into the gutter pan and creates a minor recess that helps to 
direct flow across the inlet of the catch basin.  Installation of catch basins using a setback is an effective way of improving inlet capacity of 
catch basins on steep roadway profiles where bypassing of flow due to grade and flow velocity is problematic.  Upgrade option 2 includes 
the use of a curb inlet style catch basin as shown.  A curb inlet style catch basin provides some degree of inlet capacity redundancy if the 
grate  portion  of  the  inlet  becomes  clogged  with  trash,  leaves  or  other  debris.   Curb  inlet  catch  basin  (OPSD  400.080)  grates  are  often  
specified at roadway sag locations because of the additional inlet capacity that they provide during high flows.  It is recommended that 
the following roadside catch basin inlets be inspected and either cleaned on a regular basis, or replaced with curb and gutter inlet catch 
basins, to improve performance.
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Table 6 – Roadside Catch basin Inlet Capacity Improvements 

CB ID Location Number of Catch 
basins 

Comment Recommended Upgrade 

CB032318, CB032315
Warwick Street approximately 50 metres 
south-west of Warwick Street 
intersection. 

2 

Catch basins are located near the lowest point in the 
drainage area and receives major flow from a large area. 
Catch basins are currently single inlets with standard grates. 

Check catch basin inlet conditions, and replace single grate gutter 
catch basins with curb and gutter inlet catch basins.  Consider the use 
of a curb setback in order to improve inlet capacity. 

CB032281, CB032267
Warwick Street near intersection of 
Cambridge Street. 2 

Catch basins are located near the lowest point in the 
drainage area and receives major flow from a large area. 
Catch basins are currently single inlets with standard grates. 

Check catch basin inlet conditions, and replace single grate gutter 
catch basins with curb and gutter inlet catch basins.  Consider the use 
of a curb setback in order to improve inlet capacity. 

CB022247, CB022251

Cambridge Street near intersection of 
Warwick Street. 

2 

Catch basins are located at the lowest point in the drainage 
area and receive major flow from a large area.  The existing 
catch basins are twin inlet structures.  Photos of the low 
point in the drainage area suggest that these catch basins 
are often clogged with leaves and debris. 

Check catch basin inlet conditions. Retrofit existing twin inlet grates 
with curb inlets in order to provide flooding relief when catch basins 
are clogged with leaves and debris.

Storm Sewer System Improvements 
In an attempt to improve the overall performance of the storm sewer systems in both study areas, a number of other inspections and upgrades are recommended.  These include: 

• Culvert inspection and cleaning at three CN railway crossings in the Norwich Study Area.  The culverts (including inlets and outlets) should be inspected and any deleterious materials (refuse, sediment buildup, 
leaves, etc.) should be removed such that stormwater can flow through these culverts unimpeded. 

• As noted in this report, CCTV inspection of the original storm sewer on St. Alban’s and Cambridge Streets revealed the formation of encrustations at joints and connections, reducing the effective cross-sectional 
area of the pipe in half at some points.  Furthermore, a review of as-built drawings revealed weeping tile connections to local storm sewer on St. Alban’s street and Cambridge Street.  Cleanout of original storm 
sewer should be undertaken in an attempt to restore the hydraulic capacity of the storm sewer main.  When the storm sewer cleanout occurs, attempts should also be made to also cleanout the weeping tile 
connections to the storm sewer main. 

• A back water check valve should be installed in the storm-to-storm sewer overflow connection on Cambridge Street (just east of Warwick), such that during storm events stormwater may flow into the overflow 
storm sewer (a 200 mm concrete pipe), but is not allowed to flow back into the original storm sewer, leading to overflow of the system.  The existing storm-to-storm sewer overflow (200 mm concrete pipe) is 
situated between manhole ID ST022236 and ST022241. 

Potential low cost back flow preventer solution: 
TideFlex – CheckMate inline backwater valve 
Distributed by Syntec Process Equipment (Bolton Ontario) 
200mm Slip-In CheckMate - $1,150.00 (4-6 week delivery)
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7.5 Development of City of Woodstock Back-Flow Prevention Valve and Sump Pump Subsidy Program 
Prior to 1985, when the Ontario residential building code was updated it was general practice to connect foundation footing tiles (weeping tiles) to the sanitary sewer system.  Under normal circumstances this practice was 
acceptable but alteration of lot grading and illegal connection of roof down spouts to the sanitary sewer can lead to the sanitary sewer system being overwhelmed with high sewage flows, and result in basement flooding. 
Poor lot grading not only allows surface water to enter the sanitary sewer system via the weeping tiles, but often roof water downspouts discharge so close to the foundation wall, it too will enter the sanitary sewer system 
via the weeping tiles.  Weeping tile and roof downspout connections to the sanitary sewer system are no longer permitted by the Ontario residential building code.  Since Municipalities do not have the authority to enforce 
strict lot grading maintenance requirements to the original design, today’s standards require the use of sump pumps to discharge this collected water onto the surface or into a storm sewer via a private drain connection. 

The following recommendations present the basic components of a program that would provide a subsidy to homeowners, condominium corporations, and non-profit housing co-operatives who have experienced, or are 
likely to experience basement flooding caused by a surcharged sanitary or poor storm sewer servicing, and who subsequently disconnect the footing tiles from either the sanitary or storm sewer and install a sump pump 
system for disposal of footing tile water to a suitable outlet other than the sanitary sewer system.  This can reduce extraneous flows in the sanitary sewer system, reducing the possibility of basement flooding.  The 
following preliminary dollar values are subject to additional planning, development and endorsement by the City of Woodstock. 

The Program - An Overview 
For eligible homeowners of residential homes (semi-detached dwelling, single detached dwelling, and duplex dwelling), the Back-flow Prevention and Sump Pump Subsidy Program covers 75% of the demonstrated cost 
established as follows: 

• Up to a maximum of $1,500.00 for out-of-pocket expenses to disconnect the footing tiles when they are connected to the main drain inside the basement 
• Up to a maximum of $2,250.00 for out-of-pocket expenses to disconnect the footing tiles when they are connected to the main drain outside the basement 
• Up to a maximum of $500.00 for out-of-pocket expenses when a full port type backwater valve is installed in a residential home that already has an approved sump pump 
• Up to a maximum of $1,50.00 for out-of-pocket expenses incurred when, in lieu of a full port type backwater valve being installed with the sump pump, a sewage ejector and holding tank is installed for the 

disposal of effluent from basement plumbing fixtures 
• Up to a maximum of $3,000.00 for out-of-pocket expenses incurred by an owner for the construction of a storm private drain connection (P.D.C.) within the City road allowance or within a City easement where 

the owner extends the storm P.D.C. onto the property and connects it to a catch basin, pumped footing tile water, or both. 

For eligible condominium corporations, and non-profit housing co-operatives, the Sump Pump, Sewage Ejector, and Storm Private Drain Connection Grant Program covers 75% of the demonstrated cost established as 
follows: 

• Up to a maximum of $2,000.00 for out-of-pocket expenses for an Engineering Report 
• Up to a maximum of $800.00 (per condominium unit, or non-profit housing co-operative unit) for out-of-pocket expenses for lot grading, sump pump systems, backflow prevention systems, and certification. 

Subsidy approvals are subject to the availability of funding at any given time, as determined by City Council. Grant applications will be processed in chronological order based on the date of receipt of applications.  The 
advice of a plumber licensed to do work in the City of Woodstock is recommended to determine the appropriate remedial measures for the property.  A properly designed and installed system for handling residential 
storm water may reduce the likelihood of sewer backups, but there are no guarantees. Also, this subsidy will not correct the many other causes of basement flooding such as cracked foundations, blocked weeping tiles, 
improperly sealed window wells, blocked or partially blocked sanitary building drains/sewers, blocked eaves troughs/downspouts, etc.
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Basic Eligibility Criteria 
The following section outlines the basic eligibility criteria that should be included in the final subsidy program: 

• Weeping tiles exist and are directly connected to the sanitary or storm sewer 
• Sanitary or storm sewer surcharging is the cause of basement flooding 
• The property has experienced basement flooding OR is in an area of the city that is prone to basement flooding 
• Flooding, erosion or icing problems are evident as determined by the City 
• Must be the owner(s) of the property 
• Must not have commenced work prior to grant approval 
• Must not have other outstanding debts to the City of Woodstock 
• Must execute an appropriate liability release document, approved by the City of Woodstock 
• Must meet all conditions of this subsidy program. 

Suggested Subsidy Criteria 
The following section outlines the suggested minimum costing criteria based on three levels of investment. 

The applicant owner(s), condominium corporation, or non-profit housing co-operative will be required to complete an Application Form.  In addition to the completed application form, the applicant owner(s), 
condominium corporation, or non-profit housing co-operative must provide: 

• A minimum of 3 quotes for the work from bona fide qualified Contractors, for costs above $10,000.00, to the City Engineer’s satisfaction 
• A minimum of 2 quotes for the work from bona fide qualified Contractors, for costs between $5,000.00 and $10,000.00, to the City Engineer’s satisfaction 
• One quote for the work from bona fide qualified Contractor, for costs below $5,000.00, to the City Engineer’s satisfaction. 

The quotes must detail what work is to be done, and separate out costs for each portion of work; further information or documentation may also be required by the City Engineer.  Under the discretion of the City Engineer, 
any work that is started or completed prior to the grant application approval may be deemed ineligible under this program.  The City will review applications and supporting documentation and will decide whether to 
approve the grant amount, and determines approximately how much the grant amount will be. The City will advise the applicant in writing of its decision.  The Applicant or Contractor must obtain any necessary permits, 
including a plumbing permit from the City’s Building prior to work commencing. Failure to obtain a plumbing permit prior to work commencing will result in cancellation of any approved grant amounts.  The Contractor 
must co-ordinate work with the City well in advance.  The Contractor is responsible to obtain all utility locates for the work for both private property and City property.  The Contractor or the applicant must arrange for an 
inspection by the City with respect to the plumbing permit.  Plumbing permits that have not had an inspection by the City will result in cancellation of any approved grant amounts. 

Program Details 
Sump Pump 
The program requires disconnecting any interior or exterior weeping tiles from the main building sewer and redirecting the water flow to the sump pit. The pump then discharges to the storm sewer or to the surface of the 
ground.  The float levels must be adjusted properly so the pump is not constantly pumping ground water well below the level of the basement floor.  If the sump pump discharges onto the ground, it must be directed away 
from the house foundation.  If the down spouts go into the ground, they also must be disconnected and the pipe in the ground properly sealed and capped.  The discharge must not cause flooding, erosion, or icing 
problems to City property or neighbor’s properties.  A back-up system for the sump pump helps prevent basement flooding in the event of a power failure.  This is recommended but not mandatory.
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Full Port-Type Back-flow prevention Valve 
The sump pump eliminates your property's contribution of storm water to the sanitary sewer.  To protect your basement from backups caused by other people's improper connections, a full port-type back-flow prevention 
valve is installed in conjunction with the sump pump on the main building drain, downstream of all plumbing fixtures.   Note: Due to Building Code standards, duplex homes may not be eligible for full port-type back-flow 
prevention valves but a sewage ejector can be installed to provide the appropriate level of protection. 

Sewage Ejector 
An alternative to a full port-type back-flow prevention valve is a sewage ejector but can only be considered in specific circumstances.  All the plumbing fixtures in the basement would be re-routed to a holding tank 
beneath the basement floor.  The sewage ejector redirects sewage from the tank, up a vertical pipe that extends above street level, down the building stack and out the building drain.  A vent pipe is also required to allow 
air to escape from the holding tank.  With this system, the main sewer levels would have to rise higher than the vertical pipe for flooding to occur. 

Storm Private Drain Connection 
To be eligible for this Program, there must be demonstrable flooding, erosion, or icing problem, as determined by the City Engineer.  Only the cost of the work within the City Road Allowance or City Easement is covered. 
This subsidy requires you to extend the storm PDC onto private property at the same time.  It must connect to a sump pump discharge or to a catch-basin installed on your property to correct a severe surface flooding 
problem. 

7.6 City of Woodstock Property Owners – Suggestions on Protecting Your Home 
The final component of the Norwich and Warwick area flooding study included preparation of a public information package suggesting ways in which a property owner can protect their home against sanitary back-ups, 
flooding, and potential water damage.  The information package will be distributed to approximately 300 property owners within the study areas with the project completion notice as a single-page glossy print document. 
A link will also be provided for general public information on the City of Woodstock website.  The property owner mail-out included as part of this study is the first step in educating the general public on ways that they can 
protect their investments and guard against unforeseen problems.  It is widely recognized that in many cases alternations that home-owners have made to their own properties are the reasons why they are having 
problems with flooded basements and flooding in their back yards.  The following section summarizes the information that is presented on the property owner suggestion mail-out.  Best practices includes suggestions on 
where to direct eaves troughs and downspouts, splash pads, ways to improve lot grading, and required maintenance and testing of sump pumps and back-flow prevention valves. 

Eaves Troughs and Downspouts 
• Clean leaves and debris from insight the trough and downspout 
• Tighten elbows and other connections 
• Caulk and seal any leaks 
• Do not make illegal connections from downspouts to foundation drains or sanitary sewer. Ensure that downspouts discharge to the surface of the ground and are directed away from the foundation. 

Splash Pads and Extensions 
• Reconnect loose extensions 
• Replace badly dented extensions 
•  Check soft plastic roll-out extensions for leaks and ensure they extend when filled.
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Lot Grading 
• Check for slope away from basement walls
• Check for settling around the perimeter of foundation, along walkways, stairs and decks
• Look for cracks in driveways, walkways and patios that are next to foundation wall. Caulk or waterproof where needed
• The bottom of a window well should be at least one foot below the bottom of the window sill. Window wells should be filled

with loose gravel or stone up to 3-6 inches from the bottom of the window sill.

Foundation Walls 
• Check for moisture along the wall and floors
• Fill and seal any visible cracks.

Sump Pump 
• Check for power, checking the breaker or fuse
• Test the sump pump by pouring water into the pump well
• Check the outside pipe to confirm water is flowing away from the house, extend with pipe if necessary
• Disconnect sump pump extension pipe in winter to avoid freezing the line
• Do not direct sump pump discharge to sanitary sewer or floor drain.

Back-flow Prevention Valve 
• Consider installation of backwater valve if your house doesn’t already have one
• Open the top of the backwater valve and clean out any accumulated debris
• Check flapper mechanism and make sure it is moving freely.

Protecting Your Home from Sanitary Backups and Surface Water Flooding

Eaves Troughs and Down Spouts
Clean leaves and debris from insight the trough and downspout
Tighten elbows and other connections
Caulk and seal any leaks
Do not make illegal connections from downspouts to foundation drains or 
sanitary sewer. Ensure that downspouts discharge to the surface of the ground 
and are directed away from the fountain. 

Splash Pads and Extensions
Reconnect loose extensions
Replace badly dented extensions
Check soft plastic roll-out extensions for leaks and ensure they extend when 
filled

Lot Grading 

Check for slope away from basement walls
Check for settling around the perimeter of foundation, along walkways, 
stairs and decks
Look for cracks in driveways, walkways and patios that are next to 
foundation wall. Caulk or waterproof where needed
The bottom of a window well should be at least one foot below the 
bottom of the window sill. Window wells should be filled with loose 
gravel or stone up to 3-6 inches from the bottom of the window sill.

Foundation Walls
Check for moisture along the wall and floors
Fill and seal any visible cracks

Sump Pump
Check for power, checking the breaker or fuse
Test the sump pump by pouring water into the pump well
Check the outside pipe to confirm water is flowing away from the house, 
extend with pipe if necessary
Disconnect sump pump extension pipe in winter to avoid freezing the line

Do not direct sump pump discharge to sanitary sewer or floor drain

Backwater Valve
Consider installation of backwater valve if your house doesn't already have one

Open the top of the backwater valve and clean out any accumulated debris

Check flapper mechanism and make sure it is moving freely
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