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1. INTRODUCTION 

1.1 Purpose and Scope of This Study 

Heavy rain events in June 2002 and July 2004 caused extensive flooding in the City of 
Peterborough. The event of July 14-15, 2004 was particularly severe causing extensive 
flooding in the downtown area of the City as well as at various locations in surrounding 
neighbourhoods. 

As a result, the city initiated the development of its “Flood Reduction Master Plan” 
(FRMP). This process involved extensive public consultation and a broad technical 
review of the City’s drainage infrastructure.   

The FRMP was completed in April 2005.  It is available on the City’s web site at 
http://www.peterborough.ca/City_Hall/City_Administrator/Flood_Reduction_Program.ht 
m. 

The FRMP recommended a number of priority actions.  One priority recommended was 
that the City carry out a detailed flood-reduction study for each watercourse including the 
Bears Creek watershed. 

The Bears Creek Detailed Flood Reduction Study was therefore initiated by the City in 
April 2006. 

This study addresses flooding caused by stormwater drainage within the Bears Creek 
watershed. Figure 1 shows the watershed boundary; the watershed land area is 381.2 
hectares. The study deals with the flow-carrying capacity of the municipal storm 
drainage system and the creek itself. 

This study does not deal directly with flooding problems associated with the sanitary 
sewer system. Sanitary sewer backups and basement flooding problems caused by such 
backups are being dealt with separately by way of other initiatives and projects the City is 
undertaking concurrently. These include a program for installation of backflow 
prevention valves on private sewer service connections, a study of groundwater levels 
across the City (to help focus sewer leakage control efforts), and programs for 
rehabilitation and cleaning of sanitary sewer lines. 

The City has retained the services of a consultant team to assist with the study. The 
consultant team is led by XCG Consultants (engineering consultants), with assistance 
from Ehl-Harrison Consulting (public communications and consultation) and Gray Owl 
Environment (ecologists). 
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1.2 Study Method 

The study has proceeded as a Master Plan under the Municipal Class Environmental 
Assessment (Class EA) process, according to the guidelines set out in the Municipal 
Class EA document (October 2007). 

The purpose of the Municipal Class EA process is to ensure that municipal infrastructure 
projects are planned, designed and constructed such that proper consideration is given to 
the full range of environmental impacts.  By adhering to the approved Municipal Class 
EA guidelines, municipal infrastructure projects will comply with the requirements of the 
Province’s Environmental Assessment Act. 

The Class EA process requires a number of steps that lead to finding the preferred 
solution (or solution set) to a defined problem or need.  The formal process is outlined in 
Figure 2. 

The Bears Creek Detailed Flood Reduction study is being conducted as a Master Plan 
Class EA, resulting in the preparation of this Study and associated Project File Report. 

Overall, the process represents a logical and common-sense way of finding the solution to 
the problem:  The problem is defined, alternative solutions are identified, the 
environmental impacts and effects of these alternatives are compared, and a 
recommended solution is determined.  Through each step, there must be consultation with 
the public and with governmental agencies that are affected by any proposed solutions. 

1.3 Public and Governmental Consultation 

An important part of this project was getting information and input from local residents 
and building owners about flooding problems in the watershed, and to describe to them 
how this study is examining the problem to find solutions. 

In order to directly solicit information from residents and business owners who may have 
been directly affected by surface flooding, on May 29, 2006, members of the consultant 
team went door-to-door to hand out a questionnaire for people to complete and return by 
mail.  Approximately 150 of the questionnaires were distributed on May 29, 2006, and a 
total of 34 were completed and submitted to the consultant team. 

The first of two Public Information Centres (PICs) was then held on the evening of June 
27, 2006 at St. Barnabas Church (at the intersection of Hilliard Street and Marina 
Boulevard). The second PIC was held on November 30, 2006 at the same location. 

At both of these, a number of information panels were displayed to explain the work 
conducted to date by the study team.  To help the public respond, there was an 
information handout and a questionnaire available.  Both PICs ran from 6 pm to 9 pm. 
At each one, a formal presentation was made at 7pm by City staff and the consultant 
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team, and this was followed by a question-and-answer session. This proved to be a very 
useful way to convey information and receive feedback. 

The first (PIC #1) was in the earlier part of the project and focused on explaining the 
information that the City and the consultant team had gathered about the specific 
problems encountered in the watershed.  Information was also presented on the types of 
alternative solution that would be investigated.   

At the second PIC (Nov 30, 2006), specific alternative solutions were presented, along 
with comparison of costing and other impacts. 

Full documentation regarding the public information centres and the feedback received is 
presented in Appendix D. 

The information received from the public is indicated in subsequent sections of this 
report, especially with respect to the details about where surface flooding has occurred 
and what in the public’s opinion may have contributed to the problem. 

In addition to the direct public consultation activities, there was a meeting held with the 
City’s Citizen Advisory Panel (CAP) on Flood Reduction.  This meeting was held on 
November 21, 2006 at City Hall.  Unfortunately, it was attended by only two of the CAP 
members.  Details are provided in Appendix D. 

With respect to review and input by government agencies, notification of the project was 
sent to all agencies that might have an interest in the project.  A Technical Committee 
was formed by the City to include the agencies with the most direct interest in flood 
control and natural environmental protection.  The Technical Committee included 
representation from: 

• City of Peterborough Utility Services Department
• City of Peterborough Planning Department
• County of Peterborough
• Ontario Ministry of Natural Resources
• Government of Canada Department of Fisheries and Oceans
• Otonabee Conservation
• City of Peterborough’s Citizen Advisory Panel on Flood Reduction

Two meetings were held with this Technical Committee to review the project’s progress 
prior to each of the Public Information Centres.  These TC meetings were held on June 
15, 2006 and November 21, 2006 at City Hall. 

Details on governmental consultation are provided in Appendix D and Appendix E. 
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2. BACKGROUND AND PROBLEM STATEMENT

2.1 The City’s Flood Reduction Master Plan 
The Flood Reduction Master Plan (completed in 2005) included a broad City-wide 
review of what caused the flooding that resulted from the heavy rainfalls of June 2002 
and July 14-15, 2004. 

With respect to the July 2004 event, the FRMP concluded that the primary causes of 
flooding at various locations within the City were 

1. Unprecedented heavy rainfall of an intensity of more than twice the current urban
drainage-system design standards, with the event having been centred on the
largely impervious downtown core.

2. Insufficient storm sewer capacity caused primarily by ineffective water collection
(i.e. not enough catchbasins, or poorly located catchbasins) and undersized storm
sewer pipes.

3. Poorly defined overland flow routes caused primarily by filling in of natural
waterways over time without accommodating the water elsewhere.

The FRMP’s conclusions represent a general statement of what has caused surface 
flooding problems in various areas of the City.  The FRMP also provided a review of the 
various alternatives and options that can be considered to reduce or solve local flooding 
problems.  The final FRMP report noted that “identification of specific local alternative 
solutions would require more detailed information/analysis and the presentation of 
specific alternative solutions to the public”. 

Accordingly, the FRMP recommended that detailed flood reduction studies be carried out 
in each of the various watersheds the cover the City, of which Bears Creek is one.  The 
FRMP recommended that these detailed studies proceed as follows: 

• Assess the flow-carrying capacity of the creek channel, culverts along the creek,
and municipal storms sewers that drain to the creek

• Identify where there are “bottlenecks” and other capacity problems
• Recommend a flood reduction strategy

With respect to Bears Creek watershed, the FRMP provided some general mapping of 
overland flow routes as well as an assessment of the capacities of the larger trunk storm 
sewers. The storm trunk capacity assessment indicated a limited number of pipe sections 
within the Bears Creek watershed that have less than the current “5-year” design 
capacity. 

The FRMP’s assessment of overland flow routes was based on using what were described 
as “coarse” topographic contours to estimate where flow in excess of pipe capacity would 
flow during the 100-year rain event.  For Bears Creek, the FRMP mapping (Figure 9 of 
the FRMP report) indicates that the primary overland flow route is the creek itself, and 
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that some roadways would carry overland flow, including Royal Drive, Franklin Drive 
and Marina Boulevard. 

2.2 Bears Creek Watershed 

2.2.1 Watershed boundary 
The boundaries of the Bears Creek watershed are shown in Figure 1. The total land area 
of the watershed is 381.2 hectares. The watershed limits have been mapped based on 
topographic mapping of the area supplied by the City in the form of a digital elevation 
model (DEM). The DEM was developed for the City based on photogrammetric analysis 
of aerial photography of the City carried in 2005.  Figure 3 shows the aerial photomap of 
the watershed. 

The watershed boundary was also in part based on considering the extent of the 
municipal storm drainage system (storm sewers) within the urbanized built-up area.  The 
City supplied XCG with a database providing GIS mapping of storm sewers that helped 
to define the limits of drainage in the lower portion of the watershed; refer to Figure 5. 

2.2.2 Topography 

Figure 1 shows topographic contours of the area.  The ground surface elevation varies 
from a high of 290 m (above sea level) at the northern limit of the watershed, to a low of 
approximately 205 m in the vicinity of the creek’s outlet into the Otonabee (near the 
intersection of Marina Boulevard with Water Street).  The mapping provided in the report 
“Soil of Peterborough County” (Gillespie and Action, 1981) includes general topographic 
classification which indicates that ground topography across the watershed is 
predominantly “moderately sloping” or “strongly sloping”. 

The overall slope of the watershed is reflected in the elevation profile of the bed of the 
creek, which is shown in Figure 4. Note that the average slope of the creek bed below 
culvert B8 (i.e. through the urbanized portion of the watershed) is approximately 3%. 
This represents a relatively steep watercourse slope, and means that storm flows will tend 
to move quickly along the system. 

2.2.3 Soils 

Soils across Bears Creek watershed are predominantly “Otonabee loam” (Gillespie and 
Acton, 1981). This soil series is described as a calcareous moderately stony loam till that 
is “excessively to well drained”.  This soil profile description indicates that, in general, 
the soil drainage conditions will produce relatively low runoff (i.e. the soil has relatively 
high capacity for water infiltration). 
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2.2.4 Current Land use 

As can be seen from Figure 3 (aerial photomap), the upper watershed is characterized by 
agricultural land and some wooded area and some low-lying wet areas north of 3rd Line 
(County Road 19). 

The lower portion of the watershed is urbanized.  It is predominantly residential with 
some commercial properties (Northcrest Plaza) and well as a number of schools (St. 
Paul’s Elementary School, R.F. Downey Public School and Edmison Heights Public 
School), and a number of churches. 

Within the urban area, the municipal drainage system is primarily by curbed roadway 
with catchbasins to conventional storm sewers. Figure 5 shows the storm sewer pipe 
network and the various outfalls to the creek. 

2.2.5 Future Changes in Land Use 
The Official Plan for the City of Peterborough allows for expansion of urban 
development within Bears Creek watershed. 

Development concepts for the City’s Chemong Planning Area and Carnegie Planning 
Area have been developed over recent years. Figure 6 shows the projected future land 
use pattern within the Bears Creek watershed.  Figure 6 is based on the current Official 
Plan for the City of Peterborough including the development concept plans for the 
Chemong Planning Area and the Carnegie Planning Area, as well as the current Official 
Plan and zoning by-law for the Township of Smith-Ennismore-Lakefield. 

The proposed urban development will increase the impervious area within the upper 
portion of Bears Creek watershed, due to increased amount of area covered by roofs, 
paved roadways, driveways and other hard surfaces.  As well, the new urban 
development areas will be drained by new storm sewer drainage systems that will 
discharge to Bears Creek. 

In accordance with current policy and regulatory requirements of the City, Otonabee 
Conservation and the Ontario Ministry of Environment, the proposed developments are 
being designed to incorporate stormwater management systems to mitigate downstream 
impacts.  The stormwater management measures must be designed to control impacts on 
downstream flows, downstream watercourse erosion and surface water quality, in 
accordance with guidelines and policies of regulatory governmental agencies. 

Members of the public living in Bears Creek watershed have clearly stated concerns 
about the potential impact of the proposed developments on flows and flooding along 
Bears Creek. The concern is that the increase in runoff from the newly developed 
portions of the upper watershed will only exacerbate existing flooding problems. 
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2.2.6 Creek channel alignment 

Over the years the creek channel has been re-aligned and modified.  In particular, the 
creek flow channel has been extensively modified and re-aligned from The Parkway 
corridor down to Marina Boulevard, as noted below. Figure 14 below shows photos at 
selected locations. 

• The creek channel has been piped under the former rail embankment along the 
The Parkway Corridor (culvert B6) and then through the townhouse complex at 
1100 Hilliard Street (culvert B5). 

• From 1100 Hilliard, the piped creek flow discharges to an open creek channel on 
the property of Northcrest Plaza.  Through the plaza property the creek has been 
aligned to flow around the perimeter of the plaza’s parking area. 

• The creek then flows along the north side of Marina Boulevard passing through 
two culverts (culverts B3 and B4) at the entrance driveways to the Edmison 
Heights Baptists Church. 

• The creek then enters culvert B2 which carries the creek along the front of the 
Edmison Heights public school property and through the Royal Drive/Marina 
Blvd intersection and then back into the open creek. 

• From Marina Blvd down to the Otonabee River, the creek flows in what appears 
to be a largely natural creek channel.  It flows through a concrete box culvert (B1) 
under Water Street, and then into the river. 

In summary, the creek from The Parkway Corridor down to the Marina Blvd/Royal Drive 
intersection is a combination of piped sections and re-aligned man-made channel 
sections. 

2.2.7 Natural Environmental Features 

A review of the natural environmental features of Bears Creek watershed has been 
carried out as part of this study. The purpose of this review was to provide information 
that would help the study team formulate and evaluate alternative solutions for flood 
reduction. The review focused on the creek corridor within the existing built-up portion 
of the watershed. 

In summary, the investigation of natural environment has been based on review of a 
considerable amount of previously reported information about the watershed, 
complemented by field investigations.  The work was carried out for XCG Consultants by 
Gray Owl Environmental.  Appendix C provides the report on natural environmental 
conditions. 
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A primary source of information was the report entitled “Bear’s Creek Sub-watershed 
Planning Study, Draft Report” prepared by Otonabee Region Conservation Authority in 
2002. A full listing of the information sources referenced is contained in Appendix C. 

Figure 7 summarizes the outcome of the natural environmental investigations. 

The natural features of the watershed are summarized below. 

• Bears Creek is a moderate quality coolwater stream.  The stream receives some 
groundwater discharge, especially in the reach between Culverts B6 and B7, but 
also possibly downstream of Culvert B5. 

• Although the creek is a coolwater stream with only moderate nutrient enrichment, 
the fish assemblage is comprised solely of minnows.   

• There are significant barriers to fish movements in the creek, including perched 
culverts and natural barriers such as bedrock substrate.  It is possible that the 
wetlands in the upper portion of the creek provide refugia for fish during summer 
dry periods and during winter freeze-up. 

• Over 11 percent of the watershed is wetland habitat. The wetlands may be 
responsible, in part, for the coolwater regime in the stream and the presence of 
aquatic invertebrates that are highly intolerant of organic pollution. 

• Slightly more than 2 percent of the watershed is forested.  This is considerably 
below the threshold of 30% that is thought necessary to support a full suite of 
forest-breeding bird species (Environment Canada, 2004).  Consequently, there 
are few area-sensitive birds within the watershed. 

• The flora of the watershed is of moderate quality, but better than many areas 
within agricultural and urban settings. The flora along the creek from the mouth 
upstream to Culvert B8 is of relatively low quality, with only slightly over half of 
the plant species present being native. 

• The monarch butterfly was observed within the watershed, and this species has 
been designated special concern nationally and provincially.  However, there does 
not appear to be any significant habitat present in the watershed for this species. 
All the other wildlife species detected are very common. 

As discussed in subsequent sections of this report, the above information has been 
considered in formulating alternative solutions for flood reduction, and has been used to 
evaluate the impacts of the alternatives. 

XCG file 3-2087-01-01 Bears Creek Flood Reduction Master Plan Page 8 of 35 
Date: February 21, 2008 



  
  

  
 

 

 
 

 
 
 

 

  

 

 

 

 

 

 
 

 
 

 

BEARS CREEK DETAILED FLOOD REDUCTION 
MASTER PLAN PROJECT FILE REPORT 

2.3 Flooding Problems in Bears Creek watershed 

2.3.1 Flooding During the July 2004 event 
During this study, information on the location and extent of surface flooding within the 
watershed during the July 2004 event was gathered by XCG Consultants from the 
following sources: 

1. Photographs and anecdotal information supplied by City of Peterborough staff 
2. The high-water mark observations report prepared for Otonabee Conservation 

(John W. Merriam & Associates, 2005) 
3. The two public information centers (PIC #1 on June 27, 2006 and PIC #2 on Nov 

30, 2006) 
4. Information obtained directly from local residents and business operators that was 

solicited by XCG by way of a hand-out questionnaire that was delivered May 29, 
2006 by door-to-door delivery to a number of residences and businesses in the 
watershed. Appendix D provides details on the questionnaire. 

The investigation focused on what happened during the large rain event of July 14-15, 
2004. 

The result was a relatively clear picture of where surface flooding occurred during that 
event. Figure 8 depicts what was learned from the above sources, and Figures 9, 10, 11 
and 12 present photos taken during the event. 

From all accounts, the July 14-15, 2004 event was the worst flooding anyone had seen in 
the Bears Creek watershed. This event is known to have dropped as much as 250 mm of 
rainfall within 42 hours at the Trent University meteorological station, and about the 
same amount of rain was indicated by “bucket surveys” carried out by Environment 
Canada staff on July 15, 2004 at two locations in the watershed on Cumberland Avenue. 
Further details on the rainfall of July 14-15, 2004 are provided in this report as Appendix 
B. 

In short, this was an extreme event that caused substantial flooding in the Bears Creek 
watershed. The information gathered is believed to represent an accurate picture of 
where water flows once the capacity of the creek and storm sewers is exceeded.  In other 
words, the information gathered is very helpful in defining where the real problems are in 
the Bears Creek watershed. 

Figure 8 shows where flow spilled out of the creek and where it flowed during the July 
2004 event, according to available photographs and information provided by various 
local residents and City staff.  The following points elaborate on where the flow goes: 

• The most upstream bottleneck is at culvert B8 at Hilliard Street. Here, when flow 
exceeds the culvert capacity it spills out onto Hilliard Street, and then flows 
southward along Hilliard Street. 
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• Some of the flow coming down the east side of Hilliard Street will then flow onto 
to Franklin Drive and potentially re-enter the creek at the Franklin Drive culvert 
crossing. 

• Flow coming down the west side of Hilliard Street will tend to flow through the 
Hilliard/Franklin intersection and continue down Hilliard towards Marina 
Boulevard. 

• Further downstream at Culvert B6 (The Parkway) and B5 through 1100 Hilliard 
Street, the creek flow spilled out onto the parking area at the north end of the 
townhouse complex. At the time of the July 2004 event, there was a short 
remaining section of open channel between these two pipes (the two pipes have 
since been joined at a catchbasin manhole).  The creek flow spilled out of this 
channel, out onto the 1100 Hilliard north parking lot, and then some flow spilled 
down into the townhouses, flowing along the stairways and pathways that lead 
through the complex. As well, some of the flow from the parking lot spilled 
westward out onto Hilliard Street and thereby contributed to the flow going down 
Hilliard towards Marina Boulevard. Within the townhouse complex, the depth 
and velocity of flooding was enough to cause water to enter the basements and 
main floor levels of some of the units, and to cause extensive landscape damage 
to yard and common areas. 

• Surface flow through the townhouses then spilled back into the creek at the 
southern property line (i.e. north side of Northcrest Plaza property).  The flow in 
the creek channel through the Northcrest Plaza property then spilled out of its 
banks and out onto the parking lot area. The parking lot is generally sloped 
southward towards Marina Boulevard. The flow through the parking lot entered 
onto Marina Boulevard. 

• At Northcrest Plaza, there was extensive flooding of the parking lot.  However, 
the building owner reported that there was no flooding in the plaza building. 

• At the Hilliard/Marina intersection, most of the flow coming down Hilliard Street 
veered onto Marina Boulevard. Some of the flow (along the west side of Hilliard) 
continued along Hilliard through the Marina Boulevard intersection.  This portion 
of the flow effectively spilled out of the Bears Creek watershed and continued 
down to the low area along Hilliard Street near Philip Street and likely 
contributed to flooding problems in that area. 

• There was substantial flow eastward along Marina Boulevard from Hilliard Street 
over to the Royal Drive intersection.  At this point, the flow spilled over the 
southern boulevard and sidewalk and into the open creek channel.  It was reported 
by some that a portion of flow also continued down Marina Blvd and contributed 
to flooding at the Marina/Water Street intersection. Review of available 
photographs and topographic information indicates that most of flow along 
Marina Boulevard spilled into the creek at Royal Drive. 
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With respect to damage to private and public property from surface flooding in the July 
2004 event, the following points should be noted: 

• According to information provided to XCG staff and from the available photo 
evidence, the “spill” flow along Hilliard Street starting at culvert B8 and flowing 
down Hilliard to Marina Boulevard, did not result in any substantial damage to 
private property or to public property. The damage appears to have been limited 
to some pavement and curb wash-out damage along Hilliard Street.  By all 
available evidence, the flow down Hilliard did not contribute to the flow entering 
the townhouse complex at 1100 Hilliard and did not contribute to the flow 
entering Northcrest Plaza. 

• The main location of flood damage was at 1100 Hilliard, and the source of the 
floodwaters entering the townhouses was the creek flow leaving the channel 
between culvert B6 and B5. 

• From available photo evidence, the surface flow along Marina Boulevard from 
Hilliard Street to Royal Drive appears to have remained within the municipal road 
allowance. The flooding of Marina Boulevard and the Royal Drive intersection 
did not reportedly cause any substantial damage to private property.  However, 
the residence at 159 Marina Boulevard has a reverse slope driveway (this is the 
only such residence) and it is suspected that the basement level and garage of this 
house was likely flooded, although this has not been confirmed. 

• Substantial flood damage was reported by the owner of 126 Marina Boulevard, 
but based on the information supplied by that owner and nearby residents, it has 
been concluded that the interior building flooding at 126 Marina Boulevard was 
due to sanitary sewer backup as opposed to direct entry of surface floodwater. 
However, it needs to be appreciated that local sanitary sewer surcharge was likely 
aggravated by surface flooding on the roadway entering the sanitary pipe system 
through manhole lids. 

• Flood risk mapping and subsequent technical analyses indicate that the residential 
property at 1117 Water Street likely would have experienced surface flooding in 
the July 2004 event. This has not been confirmed by any direct evidence. 

• Flow down Hilliard Street through the Marina Boulevard intersection to the 
Phillip Street area may have contributed to flood damages encountered in that 
area. 

2.3.2 Previous Mapping of the Flood-Risk Areas 

Flood-risk mapping for various watercourses in the City of Peterborough was prepared in 
1990 as a cooperative effort of the City, Otonabee Region Conservation Authority (now 
Otonabee Conservation) and the Ontario Ministry of Natural Resources.  The flood-risk 
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mapping was developed at that time to delineate floodplain areas to assist with land-use 
and building regulation. Under Provincial policy (under Ontario’s Planning Act) and 
under Conservation Authority regulations, building or land development within 
floodplains is to be prohibited or controlled so as to not create risks to public safety or 
risk of property damage.  As well, future land development must be designed so as to not 
aggravate any existing flooding problems. 

Appendix A provides a copy of the flood-risk map sheets published in 1990.  Note that in 
accordance with Provincial policy under the Planning Act, the flood-risk area was 
delineated as that area that would be flooded by what is referred to as the “Regional 
Storm”.  In the case of Peterborough, this refers to the historical “Timmins” storm which 
is comprised of 193 mm of rainfall over 12 hours.  Table 1 provides a comparison to the 
July 14-15, 2004 event. 

Table 1 
Comparison of the July 14-15, 2004 event over Bears Creek watershed, 

with the “Regional Storm” used for Regulatory flood-risk mapping
 Regional Storm 

“Timmins” 
July 14-15, 2004 over Bears Creek 

watershed (see Appendix B) 
Total event rainfall (mm) 193.0 mm 175.8 mm 

Event duration (hours) 12 hours 42 hrs 
(04:00 July 14 to 22:00 July 15) 

Max 1-hour amount 43.0 mm 35.2 mm 
Max 2-hour amount 63.0 mm 60.3 mm 
Max 6-hour amount 132.0 mm 111.6 mm 
Max 12-hour amount 193.0 mm 146.5 mm 
Note: The July 14-15, 2004 rain statistics for Bears Creek watershed are based on area-weighted 
average of 13 radar grid cells; see Appendix B for details. 

The rainfall of July 14-15, 2004 over Bears Creek watershed is estimated to have been 
176 mm on average, over a period of 42 hours.  Some portions of the watershed saw as 
much as 230 mm; see Appendix B for details of the July 2004 rain.  The July 2004 event 
therefore was close to the Regional Storm in terms of total rainfall.  The resulting extent 
and location of flooding, and the directions that surface flow spilled out of the creek, as 
depicted above in Figure 8, largely confirmed what had been mapped out in 1990 as 
the flood-risk area. 
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2.4 Formulation of Problem Statement 

The first steps in this study were aimed at developing a reasonably detailed understanding 
and statement of what has caused flooding problems with Bears Creek watershed. 
Various aspects of the drainage system have been examined. 
2.4.1 Creek Culvert Capacities 
Table 2 below provides a review of the creek culvert capacities.   Figure 14 provides 
photos of a number of the culverts. 

Table 2 
Estimated culvert capacities along Bears Creek 

ID Location Description1 
Flow 

capacity 
(m3/s) 

Estimated peak flow (m3/s) 
100-year rainfall Regional Storm 

Existing2 Future3 Existing2 Future3 

B1 Water Street 
Concrete box, 
1.83m W X 
1.68m H 

13.3 9.8 19.9 16.9 31.7 

B2 Marina Blvd/Royal 
Drive intersection 

1.5m pipe  
(concrete and 
CSP) 

4.2 9.3 19.6 16.7 31.3 

B3 Entrance to Baptist 
church 1.22m CSP 2.0 6.1 17.2 14.4 27.2 

B4 Entrance to Baptist 
church 1.22m CSP 2.0 6.1 17.2 14.4 27.2 

B5 Through 1100 
Hilliard 1.06m CSP 2.7 6.0 17.0 14.4 27.1 

B6 

Under The Parkway 
corridor (and 
connected directly to 
B5) 

1.52m concrete 
pipe 6.5 6.0 16.9 14.2 27.0 

B7 Franklin Drive Twin 1.47m x 
1.0m oval CSPs 3.4 3.9 13.2 11.3 20.8 

B8 Hilliard Street 1.7m X 1.2m 
oval CSP 3.3 3.9 13.2 11.3 20.8 

B9 Private laneway 0.8 m CSP 0.7 1.7 10.1 6.2 17.2 
B10 County Road 19 Two 0.6m CSPs 1.0 2.5 5.2 5.5 8.6 

Notes: 
1. CSP = corrugated steel pipe 
2. “Existing” refers to existing land use conditions, and no flow spills from the creek 
3. “Future” refers to future land-use per Official Plans, with no stormwater release-rate control on new 

development properties, and no flow spills from the creek. 
4. Details on estimation of peak flows is provided in Appendix F (Report on Hydrotechnical Analysis). 

In the Province of Ontario, the accepted design standard for urban municipal drainage 
systems is the “100 year level of service”; that is, the municipal drainage system should 
be capable of carrying the flow generated by a 1-in-100 year rainfall without causing 
flood damages to private property and without causing risks to public safety.  Typically, 
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the municipal drainage system serving a neighbourhood or commercial/industrial area 
consists of two component systems: 

• The “minor” system consisting of underground storm sewer pipes that handle the 
relatively frequent events up to some threshold such as the 1-in-2 or 1-in-5 year 
rain event. Flow enters the minor system via catchbasins located along municipal 
roadways, or within private properties. 

• The “major” system consisting of overland flow paths that carry any excess flow 
that the minor system cannot handle.  The major system typically consists of the 
curbed roadways within residential or commercial areas, and may also include 
walkways and park areas that are specifically designed and graded to carry or 
temporarily store stormwater. 

In a properly designed system, both the minor system and major system will convey 
stormwater to a local creek or river where it can be safely discharged without causing 
downstream flooding or creek erosion problems. 

If we consider Bears Creek in this context, the creek channel and culverts should ideally 
be capable of conveying at least the 100-year flow. 

A further consideration is the extent of flooding associated with the Regional Storm. 
Ideally, the major outlet watercourse for an urban area should be able to convey the 
Regional Storm without causing any flood damage or substantial flooding on private 
property. 

From Table 2 it is apparent that a number of the culverts provide a level of service 
significantly lower than desired, and therefore represent bottlenecks in the system.  The 
culverts that represent the most significant bottlenecks are culverts B5, B4, B3 and B2. 
These are the culverts along the highly modified portion of the creek from The Parkway 
Corridor downstream to the Marina Blvd/Royal Drive intersection.  This is the area that 
experienced extensive flooding in the July 2004 event.  

The creek channel through this portion of the watershed is an excavated and re-aligned 
channel. In terms of the open-channel flow capacity, there are some significant 
limitations as indicated in Figure 15. 

• The open creek channel from the outlet of culvert B5 to culvert B4 runs around 
the perimeter of the parking lot at Northcrest Plaza (total channel length of 185 
m)..  The creek bed slope along this reach varies from approximately 1.5%  to 2.0 
% . This stretch of the creek includes two right-angle turns, which makes it 
hydraulically inefficient as well as prone to erosion at the bends.  

• The depth and capacity of flow channel are particularly limited along the eastern 
boundary of the Northcrest Plaza property, with the estimated capacity along this 
stretch being 2.2 to 4.5 m3/s. 
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• The open creek along the north side of Marina Blvd from Northcrest Plaza to the 
culvert B2 inlet (channel length approximately 80 m) has an estimated top-of-
bank hydraulic capacity varying from 2.2 m3/s at B4 inlet to 8.0 m3/s at the B2 
inlet. 

• By comparison, the 100-year and Regional Storm peak flows along this stretch of 
the creek are 6.1 and 14.4 m3/s respectively, under existing land use, and could 
potentially be substantially higher under future land use, as indicated on Figure 
15. 

This shows that substantial increases in flow channel capacity would be needed around 
Northcrest Plaza and along Marina Boulevard to provide conveyance of the 100-year 
peak flow or the Regional Storm peak flow without overtopping of the channel banks. 

2.4.2 Municipal Drainage System Capacity 

The municipal drainage system within the built-up urban portion of the watershed 
consists of the two component systems described above:  the storm sewer pipe system, 
and the overland flow paths. 

In most residential and commercial areas, the overland flow path will be the municipal 
roadway. When the underground storm pipe is full, any additional flow will be carried 
down the roadway and eventually to the creek. 

Within the urbanized portion of Bears Creek watershed, the municipal drainage system 
consists of storm sewer pipes located within the municipal road allowances, along with 
the roadways themselves.  The local roads through the project area are curbed, with 
catchbasins to capture runoff into the underground pipe system.  Figure 5 shows where 
the municipal storm sewer pipes are located and where they discharge to the creek (i.e. at 
the various outfalls shown on Figure 5). 

In terms of the storm sewer pipe system, a detailed computer database inventory of the 
storm sewer pipe system was supplied by the City.  This information was reviewed to 
examine the flow-carrying capacity of each manhole-to-manhole section of storm pipe 
(see Figure 5), and compare the available capacity to the current storm sewer pipe design 
standard. 

The current standard is that the pipe be designed to carry the flow from the 1-in-5 year 
rain event.  Note that this is the current standard, and that City staff have indicated that 
some of the storm pipes in the area may have been designed to an earlier lesser standard 
(e.g. 1-in-2 year event). 

The comparison of pipe capacity with 5-year design flows is presented graphically in 
Figure 13. 
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This evaluation had led to the conclusion that there are some undersized pipes within the 
storm sewer minor system.  The following are the most limited with respect to storm 
sewer capacity: 

• Marina Boulevard 
• Oriole Drive 
• Portions of Edmison Drive, Huron Street and Royal Drive 

In considering the minor storm system pipe capacity, it is critical to recognize that the 
total capacity of the local drainage system is not only the storm pipe, but also the 
overland flow path provided typically by the roadway itself.  A situation in which the 
local storm pipe has less than 5-year capacity is not necessarily a problem, as long as the 
overland flow path is present to carry away flow that the pipe cannot handle.  Given that 
storm pipe systems are generally designed to handle only up to the 5-year event, the 
critical issue is really whether there is a defined overland flow route to handle excess 
flow up to the desired 100-year level or beyond. 

Using topographic mapping (digital elevation model) for the area as supplied by the City, 
the overland flow routes within the built-up portion of the watershed were examined. 
This review of overland flow routes has indicated the following: 

• The roadway profiles provide well-defined overland flow routes through all 
residential areas, including those for which the storm pipe capacity is rated as 
being less than current design capacity. 

• For example, there are sections with sub-standard pipe capacity on Edmison 
Drive, Huron Street and Royal Drive between Edmison Drive and Olympus 
Avenue. In all of these cases, there is a well-defined road profile that will carry 
excess flow down to the portion of Royal Drive below Edmison Drive. 

• Similarly, along Oriole Drive, the roadway profile will carry excess flow 
northward to Marina Boulevard. 

• Along Marina Boulevard, the roadway profile is sloped from Hilliard Street down 
to a low point near the Royal Drive intersection. The Marina/Royal Drive 
intersection is a low point at which overland flow from Royal Drive and from 
Marina Boulevard concentrates. At this location, surface ponding will eventually 
spill over the southern sidewalk and boulevard and enter the creek.  Local 
residents have reported that surface ponding at this intersection is a relatively 
frequent occurrence. 

• Marina Boulevard can receive significant overland flow from Hilliard Street; this 
was observed during the July 2004 event. 

The overall conclusion is that the internal municipal pipe/roadway drainage system is 
satisfactory in terms of its capacity to drain the local residential neighbourhoods to the 
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creek or to Hilliard Street and Marina Boulevard; these two roadways effectively acts as 
collectors of overland flow from adjoining streets.  

Marina Boulevard from Hilliard Street to the Royal Drive intersection represents an 
apparent bottleneck in the overland system.  Marina Boulevard became completely 
flooded during the July 2004 and carried substantial flow down to the Marina/Royal 
intersection which flooded out until flow could spill back into the creek below Marina 
Boulevard. The gentler slope along Marina Boulevard as compared to Hilliard Street 
means that the overland flow capacity along Marina is substantially less than that along 
Hilliard Street.  On average, the flow-carrying capacity of the municipal road right-of-
way along Marina Boulevard is estimated to be 2.2 m3/s. In the vicinity of the Royal 
Drive intersection where the road slope is at a minimum, the estimated roadway flow-
carrying capacity is estimated to be 1.0 m3/s. In contrast, the 100-year and Regional 
Storm peak flows approaching the inlet to Culvert B2 (Marina Boulevard near Royal 
Drive) are estimated to be 9.3 m3/s and 16.7 m3/s respectively, with Culvert B2 capacity 
being estimated at 4.2 m3/s (per Table 2 above). These values indicate that surface flow-
carrying capacity along Marina Boulevard is as much as 4 to 5 m3/s less than required 
during the 100-year event. 

With respect to municipal roadways that may act as overland flow routes during heavy 
rain storms, an important consideration is the fact that sanitary sewer systems are located 
along these roadways. When surface flow occurs along these roadways, some of the flow 
can enter into the sanitary sewer system via openings in the manhole lids or around the 
edge of the lid, or by seeping through the spaces between the manhole riser rings that are 
typically installed just below the pavement surface.  This inflow to the sanitary sewer 
system can potentially by a significant contributor to overloading of the sanitary sewer 
system, which can result in basement flooding (sewer back up). 

Therefore, in certain locations, sealing of the sanitary sewer manholes along municipal 
roadways is needed as part of the overall flood-reduction strategy.  This is reflected in 
specific alternatives and recommendations that are presented below in this report. 

2.4.3 Drainage System Maintenance 
A number of the culverts along Bears Creek have been identified as prone to inlet debris 
blockage. This problem has been raised repeatedly by local residents, and the City is well 
aware of it as an ongoing issue and requirement. 

In Bears Creek watershed, culverts B6 and B2 have been identified as being particularly 
prone to debris accumulation on the inlet trash racks.  See photos in Figure 14. 

These two pipes, without any blockage, present bottlenecks along the creek corridor as 
noted above.  Therefore, any routine or recurring debris problems only make the 
bottleneck worse and potentially result in more overland flow and flooding. 
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2.4.4 Problem Statement 

Figure 8 effectively summarizes the nature of the surface flooding problem that has been 
experienced in Bears Creek watershed. 

The primary problem is the capacity limitations of the creek channel/culvert system, from 
Hilliard Street down to Marina Boulevard. The creek culverts and channel from the 
Parkway Corridor down to and along Marina Boulevard to the Royal Drive intersection 
represents the primary bottleneck in the system. 

Summary of Causes of Surface Flooding Problems 

In summary, the surface flooding problems that have been experienced in Bears Creek 
watershed are attributable to the following 

1. Bottleneck at culvert pipe from The Parkway Corridor and underneath the 
townhouse complex at 1100 Hilliard Street (culverts B5 and B6) 

2. Limited channel capacity around Northcrest Plaza 
3. Limited channel and culvert capacities along Marina Boulevard between Hilliard 

Street and Royal Drive (culverts B2, B3 and B4) 
4. Limitations in overland flow capacity provided by Marina Boulevard from 

Hilliard Street down the creek at the Royal Drive intersection. 
5. Some culverts are subject to recurring inlet blockage by debris, especially B6 and 

B2 due to their inlet grates. 

Summary of Surface Flooding Impacts 

1. Spill flow can cause extensive damage to townhouses at 1100 Hilliard Street 
2. Flooding can occur on Northcrest Plaza property but this has been confined to the 

parking lot (no building flooding). 
3. Flood damage to entranceways and roadway within municipal road allowance 

along Hilliard Street and Marina Boulevard. 
4. Flood damages to some homes along Marina Boulevard. 
5. Flooding out of Marina/Royal Drive intersection . 

Spill flows from the watershed may also contribute to flooding at Hilliard Street/Philip 
Street area (considered to be outside the Bears Creek watershed area).  Residents in the 
Hilliard Street/Phillip Street/Langton Street low area attended the Public Information 
Centres held during this project and expressed their concerns about the surface flow from 
Hilliard Street contributing to surface flooding in their area. 

2.4.5 Estimation of Flood Damages 

An estimate of flood damages associated with the existing flooding problem has been 
developed. The technique that has been employed is a common method that involves 
integrating the damage-versus-probability curve.  The result is an estimate of the 
expected value of annual flood damages. 
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The flood damage versus probability curve has been developed using the 
hydrologic/hydraulic modeling of the existing watershed drainage system, as documented 
in Appendix F. The computer model has been used to simulate flows and flood levels for 
rain storms with return periods of 2, 5, 10, 25, 50 and 100 years (i.e. events with 
probability of occurrence in any given year of 50%, 20%, 10%, 4% 2% and 1%, 
respectively). The response of the existing drainage system to the Regional Storm has 
also been simulated. The computed flood levels at various locations along the creek have 
then been applied to the digital elevation model to generate a map of flooded area for 
each of these events. 
The maps of flood area are presented in Appendix F.  Table 3 provides a summary of 
flooding impacts for events with return periods of 2 to 100 years. 
The flood damage associated with each event has been computed using a straightforward 
method that was arrived at through discussions with City of Peterborough.  For each 
private property subject to building flooding as determined using the model-based flood 
area maps, the flood damage would be estimated as 20% of the assessed value of the 
property. This was adopted as a guideline that would be used in all ongoing flood-
reduction studies being carried out by the City, as a reasonable means of estimating 
flood-damages at a watershed scale for the purposes of comparing flood-reduction 
alternatives at the planning level. 

Table 3: Summary of surface flooding impacts for 
rainfall events with return periods of 2 to 100 years 

(see Appendix F for maps of flooded areas) 

Location 

Amount of rain in one hour (with Return period) 

24 mm 
(2-year) 

32 mm 
(5-year) 

39 mm 
(10-year) 

46 mm 
(25-year) 

52 mm 
(50-year) 

56 mm 
(100-year) 

1100 Hilliard St. No flooding No flooding Minimal Multiple units Multiple units Multiple units 

Northcrest Plaza No flooding No flooding No flooding Parking lot Parking lot Parking lot 

Edmison Heights 
Public School No flooding No flooding Front parking Front parking Encroaching on 

building 
Encroaching 
on building 

Private residences None 
affected 

None 
affected 

1117 Water St.

 and 

159 Marina 
Blvd. 

1117 Water St.

 and 

159 Marina 
Blvd. 

1117 Water St.

 and 

159 Marina 
Blvd. 

1117 Water St.

 and 

159 Marina 
Blvd. 
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In the case of Bears Creek, the flood damage estimates have also included allowances for 
damages caused to the municipal roadway segments along Marina Boulevard and Hilliard 
Street that are subject to surface flooding and flow conveyance along the road surface.  In 
this case, the expected damages are in the form of localized wash-out of pavement, curbs 
and boulevard areas. 
For the existing watershed conditions, it is estimated that the average annual expected 
flood damages total $70,000, with $49,000 being attributable to damages to private 
property, and $21,000 being attributable to damage to the municipal roadways. 
Note that at this stage, the estimate of flood damages makes no allowance for 
contribution to flood damages in the Hilliard Street/Phillip/Langton Street area caused by 
spill flows from Bears Creek watershed down Hilliard Street. 
Over the course of a service period of 100 years, average annual flood damages of 
$70,000 equate to a present value of $1.7 million, based on an assumed average annual 
discount rate of 4.0%. 
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3. ALTERNATIVE SOLUTIONS 

3.1 Formulation of Alternatives 

3.1.1 General Principles 

The following general principles have been applied 

Environmental Protection 
• Avoid or minimize any disturbance or destruction of the creek itself. 
• Avoid or minimize any further piping of the creek. 
• Minimize loss of any existing wooded areas or other “green areas”. 

Plan Now For The Future 

• Account for the effects of proposed urban development. 

Implementation 

• Prefer solutions that the City can implement on municipal lands and roadways (to 
minimize inconvenience and disruption on private property, and to avoid the 
requirement to acquire rights-of-way or easements across private lands). 

3.1.2 Components of Any Solution 

For Bears Creek watershed, there are some actions that are necessary components of any 
long-term solution to existing flooding problems. 

Action 1: Control flows from new urban development in the upper watershed 

• The rate of surface runoff for all new developments must be controlled to 
existing levels. 

Action 2: Improve Culvert Maintenance 
• Identified as an issue by many people 
• The City routinely clears out debris 
• Increased frequency of clean-out will help ensure maximum capacity is there 

when it’s needed 
• Replacement of trash racks at Culvert B6 and B2 is needed.  Both are too 

small, and both are damaged. 
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Action #1 (Control flows from new urban development in the upper watershed) is being 
implemented by the City through its review and approval of applications for development 
parcels within the Chemong Planning Area and the Carnegie Planning Area. 
The general principle that is being applied is that runoff flows from the new development 
sites must not cause an increase in risk of flooding on downstream properties.  This 
general principle is consistent with common-law principles known as riparian rights, and 
is also consistent with the intent of the Provincial Policy Statement under Ontario’s 
Planning Act, with respect to controlling the impact of new development on natural 
hazards such as flooding. 
In the course of this study, the City has requested that technical analysis be done to 
determine what specific level of runoff flow control is needed on the proposed 
development properties to ensure adequate control of downstream flood risk.  Appendix 
F presents the hydrotechnical analysis carried out in this project.  It has concluded that 
runoff flows from new development properties in the Chemong and Carnegie Planning 
Areas within Bears Creek watershed must be designed such that peak runoff flow from 
the development site produced by rain events with statistical return period from 2 year to 
100 years, should not exceed the peak flows generated under present-day land use 
conditions. The same requirement also applies for the rain event referred to as the 
Regional Storm (currently the “Timmins” rain event for the Peterborough area). 
The City is now proceeding to implement this requirement by ensuring, through the 
City’s design review process, that development proponents design their drainage systems 
to meet these specific requirements.  It is expected that land developers will likely meet 
these requirements by incorporating stormwater storage ponds within their developments. 
Such ponds will temporarily store runoff from the development properties and gradually 
release their contents at a controlled rate to the creek.  As well, land developers may 
employ various methods within their development designs to reduce runoff volumes to 
help mitigate the impact of the development.  Considering the extent of the undeveloped 
headwaters of Bears Creek watershed, additional Master Drainage Planning would be 
required to effectively implement stormwater management controls to the Regional level 
recommended herein. 
The City is also acting on Action #2 (Improve Culvert Maintenance).  Possible redesigns 
for the culvert inlet trash racks at Culverts B6 and B2 are being considered by the City. 
Appendix G has further information. 

3.1.3 Initial Screening of Options 

To help guide the development of specific flood-reduction alternatives, a first step was to 
review a number of options that could potentially be part of the overall solution. 

Table 4 provides the results of this initial screening. 
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Table 4: Initial Screening of Options 

Option Description Evaluation 

Increase Culvert and 1. Increase the size of one or more of the culverts along the creek that currently provide 1. Increasing culvert sizes in the upper watershed will increase flows further downstream where we already 
Channel Capacity substantially less than 100-year flow capacity. 

2. This would include consideration of increasing the size of culverts B2, B3, B4, B5, B6, 
B7 and B8 such that each of these has capacity exceeding the estimated 100-year peak 
flow (i.e. no overtopping of roadway crossings during the 100-year rain event. 

3. If culverts are upgraded to provide full 100-year capacity then downstream channel 
capacity would need to be increased accordingly.  This would require substantial 
increase in capacity of channel downstream of culverts B5, B4, and B3.  (i.e. the open 
channel around Northcrest Plaza, and the channel along the north side of Marina 
Boulevard) 

have a problem.  Care must be taken so that solving the problem in one location does not worsen the problem 
at another. 

2. Substantial increases in culvert sizes and channel width and depth would be needed below The Parkway 
Corridor to contain the 100-year flow.  

3. Putting in bigger culverts and increasing the size or depth of the creek results in undesirable disruption or 
destruction to aquatic habitat. 

4. The option of increasing all culverts and channel capacities to the 100-year level has been ruled out as a 
practical, implementable option and has not been pursued, for reasons outlined below. 

5. However, increasing the size of the culvert under The Parkway Corridor and through 1100 Hilliard 
has been considered in various alternatives (see below). 

Divert Flow to Jackson’s 1. This concept would consist of diverting flow from the creek and from Hilliard Street 1. Not a desirable or acceptable option because of existing flooding problems in Jackson’s Creek. 
Creek Watershed onto The Parkway corridor greenbelt  2. As well, such diversion could cause local flooding problems for residential properties that back onto The 

Parkway corridor (Barnardo Ave) 

3. For these reasons, this concept has not been pursued. 

Storage Along the Creek 1. Construct one or more storage ponds along the creek 1. The available storage volume within the ravine is small compared to storm runoff volumes, so the benefit 
Valley 2. Potential locations would be municipal lands between The Parkway and Franklin 

Drive, or above Franklin Drive. 
would be very marginal. 

2. Also, construction of storage along the ravine would alter the creek environment  
3. For these reasons, this concept has not been pursued. 

Engineered Spill Route 1. Modify Hilliard Street and Marina Boulevard so that they can safely act as the 1. The July 2004 event indicated that Hilliard Street and Marina Boulevard can act as an overland flow route 
Using Roadways or High- overflow spill route without resulting in damage to fronting properties. while not causing substantial damage to private properties.  (The exception appears to be the residence at 159 
Capacity Relief Sewers 2. Modify the grading along The Parkway Corridor and at the 1100 Hilliard parking lot to 

make sure all overflow is directed out to Hilliard Street (instead of flowing down into 
the townhouses). 

3. Consider the installation of high-capacity relief storm sewers to safely carry flow 
around or through flood-susceptible areas such as 1100 Hilliard, Northcrest Plaza and 
the Marina Blvd/Royal Drive intersection. 

Marina Blvd -- reverse-slope driveway may result in surface flow from Marina Blvd flooding the basement 
level of this residence)   

2. This option is based on recognizing this facet of the urban portion of the Bears Creek watershed, and 
effectively makes use of this overland flow route to shunt flow around 1100 Hilliard and Northcrest 
Plaza. 

3. A design issue is ensuring that surface flow along these roadways is not allowed to infiltrate into 
sanitary sewer lines (e.g. via openings in manhole lids) as this would exacerbate sanitary sewer backup 
problems. 
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As Table 4 indicates, the initial screening has resulted in the rejection of some options 
including diverting flows out of the watershed and construction of storage along the creek 
corridor. 

Increasing Culvert and Channel Capacity throughout the lower creek: 

One specific option that was considered as part of the initial screening process was the 
option of increasing culverts and channel capacities through the entire urbanized portion 
of Bears Creek watershed, from culverts B8 through to B2. This would include 
substantial capacity increases through the main “problem” reach from The Parkway 
Corridor down through to Marina Boulevard/Royal Drive. 

This option could represent the ideal long-term solution in which, as a minimum, all flow 
up to the 100-year event is contained and conveyed along the creek. This option would 
also be designed to minimize surface flooding during the Regional Storm to avoid flood 
damages on private properties, and to ensure that vehicle traffic could be maintained 
along Marina Boulevard and Hilliard Street. 

At this stage this alternative has been ruled out as not practical or implementable, based 
on a number of considerations. 

1. A substantial increase in flow capacity through the 1100 Hilliard Street 
(townhouse complex) and Northcrest Plaza properties would be needed.  This 
would require agreements with the respective property owners to allow substantial 
drainage works to be constructed on those properties, along with purchase of 
easements to allow for regular maintenance; or alternatively, the City would have 
to negotiate with the property owners to purchase a sufficient portion of these 
properties to allow for the works to be constructed and maintained. 

2. Increasing conveyance capacity through 1100 Hilliard Street property could be 
accomplished only by way of replacing the existing pipe with a much larger pipe. 
It is not feasible to construct an open creek channel through the 100 Hilliard 
Street property, because of the limited space available between the townhouse 
blocks. 

3. The property owner of 1100 Hilliard has just recently completed site restoration 
subsequent to the July 2004 event, including new grading, site drainage works, 
landscaping and replacement of walkways. The owner has indicated to XCG that 
he is satisfied that these works will protect the townhouses from future flooding 
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by adequately conveying any surface spill flow from the creek through the 
property. It therefore appears that this property owner may not be amenable to 
substantial modification to the property to allow for installation of a new pipe to 
carry the creek through the property. 

4. Through Northcrest Plaza and along the north side of Marina Boulevard to the 
culvert B2 inlet, increased channel capacity would necessitate deepening and 
substantially widening the existing creek channel.  The design of the new channel 
would need to be based on protecting aquatic habitat, and would ideally be based 
on “natural channel” design concepts. This design approach would, for example, 
include a naturalized flow channel that includes features such as pool/riffle 
sequences and a more meandering flow path.  Providing vegetated buffer on 
either side of the creek would be part of this design approach, to help protect the 
creek from direct pollution, help provide some shading of the creek and to help 
ensure public safety. At the same time a substantial floodway channel would be 
part of the design, to meet the primary intent of conveying the 100-year flow and 
minimizing flooding during the Regional Storm. 

5. Figure 16 indicates the type of channel design that would be preferred and 
possibly required by current environmental regulations and policies. The net 
result is the need for acquisition of a substantial right-of-way (30 metres wide or 
more) through the Northcrest Plaza property, the Public School property, and 
along the front of the Baptist Church property. 

In summary, the option of a “wholesale” increase in the capacity of the creek and culvert 
system through the urban portion of the watershed has been ruled out, based largely on its 
requirements for substantial works and property acquisition through private property, and 
due to environmental impacts associated with large-scale deepening and widening of the 
creek channel. 

Also note that the option of placing the creek entirely within a large pipe, from The 
Parkway Corridor down to the Marina Boulevard/Royal Drive intersection was also ruled 
out based on it being contrary to environmental protection objectives. 
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3.2 Specific Solution Alternatives 

On the basis of the initial screening, three specific solution alternatives have been 
formulated.  These are shown in Figures 15, 16 and 17.  These 3 alternative solutions are 
discussed below. 

3.2.1 Basis for Alternatives 

The three alternative solutions have been developed from the following considerations: 
1. The primary location of flood damages within the watershed is below The 

Parkway corridor, specifically the townhouse complex at 1100 Hilliard Street. 
Flooding also takes places at Northcrest Plaza; the plaza owner has reported to 
XCG that substantial flooding of the plaza parking lot took place during the event 
of July 15, 2004, but that the surface flooding did not cause any direct flood 
damage to the plaza building itself. 

2. Surface flooding is also reported to be frequent at the Marina Blvd/Royal Drive 
intersection, and hydraulic modelling results (Appendix F) confirm this.  Surface 
flooding around the Edmison Heights Baptist Church (160 Marina Blvd) and the 
Edmison Heights Public School is associated with flooding of the Royal/Marina 
intersection. 

3. During the July 2004 event, spill flow at Culvert B8 and from 1100 Hilliard Street 
(and possibly from other portions of the drainage area) was conveyed down 
Hilliard Street to the Marina Blvd intersection.  To XCG’s knowledge, based on 
hand-out questionnaire to all residences along Hilliard Street, there was no 
significant flood damage to private properties along Hilliard Street.   

4. Similarly, there was substantial flow conveyed along Marina Boulevard, and this 
flow then spilled back into the creek at the Royal Drive intersection.  Based on the 
XCG survey questionnaire, there was no significant flood damage to private 
property along Marina Boulevard caused directly by surface flooding; however, it 
is strongly suspected that the residence at 159 Marina likely had damage from 
roadway flow spilling down the driveway into the basement level. 

5. With respect to surface flow along Hilliard Street, it has been reported by local 
residents that some of the flow reaching the Marina Blvd intersection did continue 
through the intersection and down Hilliard Street and contributed to flooding 
problems in the Phillip/Langton Street area (further south along Hilliard Street, 
outside the Bears Creek watershed). 

From the above, it is apparent that Hilliard Street can safely act as a spill conveyance 
route from the Hilliard Street culvert (Culvert B8) down to Marina Boulevard, and that 
Marina Boulevard can also convey flow with minimal damage to adjoining private 
property, with the notable exception of 159 Marina Boulevard.  Calculations indicate that 
the roadway flow capacity of Hilliard Street from Franklin Drive down to Marina 
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Boulevard is approximately 4.7 m3/s; and that the capacity along Marina Boulevard from 
Hilliard Street to Royal Drive is approximately 2.2 m3/s. 
Alternatives have therefore been formulated based on the following: 

• Hilliard Street can continue to act as a safe spill conveyance route from above 
Franklin Drive down to Marina Boulevard, 

• The primary requirement to provide a reduction in flood risk and damage is 
o to increase safe conveyance capacity either around or through the flood-

susceptible properties of 1100 Hilliard Street and Northcrest Plaza,  
o increase conveyance capacity along Marina Boulevard, and  
o reduce or eliminate “throughflow” along Hilliard at the Marina 

intersection (i.e. keep the spill flow in the Bears Creek system) to help 
with solving flooding problems at the Phillip/Langton Street low area 
further south along Hilliard Street. 

The three alternative solutions are based on installation of relief storm sewers and other 
measures to meet these requirements. 
The alternatives have been formulated to address the existing location, nature and extent 
of flooding problems in the watershed.  In doing so, the inherent assumption is that any 
future land-use changes or urbanization within the upper watershed will be designed to 
not increase peak flood-event flows at downstream locations in the watershed.   

Each of the alternatives also includes improvements to culvert inlet trash racks, as well as 
improvements to culverts B3 and B4 as they currently are in need of some repair (see 
Figure 14). These culverts are entrance culverts for the Edmison Heights Baptist Church, 
and the church staff have indicated to XCG that they would consider the option of 
replacing the two entrances with one, to reduce the number of separate culvert pipes.  

Diagrams of each of the three alternatives are shown in Figures 17, 18 and 19. 

3.2.2 Alternative #1 

This alternative deals with the flooding issue at 1100 Hilliard by redesign of the north 
parking lot to ensure that any flow that spills out of the creek will spill out onto Hilliard 
Street, instead of spilling down into the townhouses. This can be accomplished by 
constructing an adequate perimeter curb around the parking lot, and through some 
regrading of the paved parking surface. 

A primary element of this alternative is to substantially increase the flow-carrying 
capacity along Marina Boulevard from Hilliard Street to the Royal Drive intersection. 
This is accomplished by installing a high-capacity relief sewer (1200 x 1800 mm box 
sewer) along Marina Boulevard as shown. A high-capacity inlet at the Hilliard/Marina 
intersection would intercept overland flow coming down Hilliard Street.  This would 
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address the concern about spill flow contributing to surface flooding in the 
Hilliard/Phillip Street area. 

3.2.3 Alternative #2 

This alternative deals with the flooding issue at 1100 Hilliard by replacing existing 
culverts B6 and B5 with a single continuous high-capacity pipe under The Parkway 
Corridor and through 1100 Hilliard Street.  This would result in higher flows reaching 
Northcrest Plaza. Therefore this alternative includes a high-capacity relief sewer 
installed through the Northcrest Plaza parking lot and then along Marina Boulevard to 
Royal Drive. At the north side of the Northcrest parking lot is a high-capacity flow inlet 
alongside the creek. 

This option also includes a new 900-mm storm sewer from the Hilliard/Marina 
intersection to intercept overland flow coming down Hilliard Street. 

3.2.4 Alternative #3 

This alternative is similar to Alternative #1, but includes extension of the high-capacity 
relief sewer up along Hilliard Street from Marina Boulevard to 1100 Hilliard Street.  At 
this point there would be a new overflow pipe from the culvert B6/B5 junction to carry 
excess flow out to the new relief sewer.   

3.2.5 Sanitary Sewer Inflow Control 

Each of the above alternatives relies to an extent on the ability of flows in excess of storm 
sewer capacity to be safely conveyed along Hilliard Street at least as far as The Parkway 
corridor; and Alternative No. 1 relies an overland flow route along Hilliard Street to 
Marina Boulevard, and along Marina Boulevard to Royal Drive. 

As indicated on Figure 17, Alternative No. 1 includes installation of watertight manhole 
covers and riser rings on all sanitary sewer manholes along Hilliard Street below The 
Parkway corridor to Marina Boulevard, and along Marina Boulevard from Hilliard Street 
to Royal Drive. As well, for all alternatives, the same measures are needed at all sanitary 
sewer manholes along Hilliard Street above The Parkway corridor to Culvert B8. 

Further information on which sanitary manholes should be considered as priorities is 
provided below as part of the final recommendations. 

XCG file 3-2087-01-01 Bears Creek Flood Reduction Master Plan Page 28 of 35 
Date: February 21, 2008 



  
  

  
 

 

 
 
 

  

 
 

 

 

 
 

 

 

 
 

 

 
 

 
 

 

 

 
 

BEARS CREEK DETAILED FLOOD REDUCTION 
MASTER PLAN PROJECT FILE REPORT 

4. ANALYSIS OF ALTERNATIVE SOLUTIONS 

4.1 Comparison Criteria 
An initial set of criteria for comparing the alternative solutions was developed during the 
early part of the project. The proposed criteria were presented at the Public Information 
Centres. The feedback received was that the criteria are appropriate.  The criteria are as 
follows: 

1. Cost versus Benefit: benefits should exceed the cost 

a. Cost includes construction cost as well as “life cycle” operation and maintenance 
cost 

b. Benefit = expected reduction in flood damages  

c. Benefit/Cost Ratio (BCR) should be greater than 1.0. 

2. Natural Environment: 

a. Does the option allow us to enhance the creek? (e.g. by improving the creek’s 
ability to support a healthy aquatic environment) 

b. What impact does the option have on terrestrial environment?  Will there be any 
loss of wooded area or other wildlife habitat? 

c. Will the option cause any disruption to or destruction of existing fish habitat in 
the creek? 

3. Recreational Use:
Will there be any impact on green areas that are used by local residents for 
recreation, walking, etc.? 

As the project proceeded to formulate specific alternative solutions and compare them, a 
number of additional criteria were included in the analysis to address various potential 
impacts of the proposed works.  These include the following: 

• Impacts During Construction: including traffic disruption, noise, dust, and 
impacts on private property 

• Ease of implementation: does the alternative have any requirement to reach 
agreement with private property owners to allow the works to be built and then 
maintained? 
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• Reliability and maintenance requirements: Are there any specific issues that will 
affect the reliability and ease of maintaining the proposed works? 

The analysis has proceeded on the basis of comparatively evaluating each of the three 
alternative solutions with respect to all of the above criteria.   

4.2 Public and Governmental Input and Review 

The proposed evaluation criteria were presented at the two Public Information Centres 
(PICs). The first PIC was on the evening of June 27, 2006 at St. Barnabas Church (at the 
intersection of Hilliard Street and Marina Boulevard).  The second PIC was held on 
November 30, 2006 at the same location. The three alternative solutions were presented 
at the second PIC.  Details on what was presented at PIC #2 are in Appendix D. 

Prior to PIC #2, the three alternative solutions were presented to the project’s Technical 
Committee (TC) and Citizen Advisory Panel (CAP) at meetings held on November 16, 
2006 at City Hall. These discussions are also documented in Appendix D.  
There were a number of themes that emerged during the consultation events, including 
the following points. 

• A great deal of local knowledge about recent flooding, the current drainage 
system, and flora and fauna was conveyed by residents, City and agency staff. 

• TC and CAP members provided direction regarding study assumptions, mapping, 
current practices, planned development, and how information could be presented 
to the public in a clear and effective manner. 

• Stakeholders asked the project team to consider the interaction of water leaving 
the study area with other areas downstream and to ensure that the problem was 
not being transferred elsewhere. 

• Stakeholders are very concerned about the impacts that the future housing 
developments in the upstream watershed area will have on flooding issues along 
Bears Creek through existing built-up areas.  

• During the second round of consultation with the TC, the CAP and during the PIC 
#2, support was expressed by government agencies and local residents for the 
recommended Alternative No. 1, given that it is the lowest cost option that 
provides benefits similar to those that would be realized if other options are 
implemented. 

Detailed feedback can be reviewed in Appendix E. 
All of the feedback received was documented and carefully considered by the study team 
during the course of this project. Stakeholder input influenced the study outcome in 
various ways. 
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• All of the local knowledge and photos submitted via the survey, during public 
events, or through discussions with City staff were of great value to the project 
team in establishing the existing conditions in the study area and creating a 
realistic backdrop on which to develop potential solutions.  

• The decision making principle to control runoff flows from new developments to 
existing levels appears to be strongly supported by local residents. 

•  Alternative No. 1 was supported during the second round of consultation 
activities as the preferred alternative. 

4.3 Results of Analysis 

The comparison as presented at the Public Information Centre on November 30, 2006 is 
shown below in Table 6. 

Table 6 compares the three alternative solutions with respect to the criteria in which there 
is some differentiation between the alternatives.  In a number of other criteria, there was 
judged to be no significant difference, as explained below: 

• Impacts on natural terrestrial environment (potential for loss of tree cover or 
wildlife habitat):  All three alternatives are the same in this regard. None will 
result in any significant loss of existing tree cover or wildlife habitat, as the 
proposed works are within existing municipal road right-of-ways or within paved 
parking areas on private property. 

• Recreational use (potential for impacts on green areas used by local residents for 
recreation such as walking):  Again, all three alternatives are the same in this 
regard. None will result in any impact.  In Alternative #2, construction of the 
relief inlet alongside the creek at the north end of the Northcrest Plaza parking lot 
will be located adjacent to the existing pedestrian footbridge over the creek, but 
this pedestrian route can be maintained during construction. 

• Costs for routine maintenance and operation:  In all 3 alternatives, the 
requirements for routine maintenance will be very similar, and will consist of 
requirements for routine inspection as well as occasional removal of any debris 
accumulation that may threaten to block culvert pipes. These activities will be 
part of the City’s sewer maintenance program.   

Subsequent to the Public Information Centre of November 30, 2006, further comparative 
analysis has been carried based on estimating the net reduction in expected annual flood 
damages that would be associated with each alternative.  The objective of this analysis 
was to more directly address the issue of cost-versus-benefit. 
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As noted above in this report, expected annual flood damages are estimated by estimating 
the flood damages for rainfall events with return periods of 2, 5, 10, 25, 50 and 100 years, 
and then integrating the damage-versus-probability curve. The methodology applied in 
this project also considers the flood damages associated with the Regional Storm, such 
that expected annual flood damages are computed using the following formula: 

Expected Annual Flood Damage = 0.50*(D2/2) + 0.30*(D2+D5)/2 + 0.10*(D5+D10)/2 
+ 0.06*(D10+D25)/2 + 0.02*(D25+D50)/2 + 0.01 * (D50+D100)/2 + 0.01 * (D100+DReg)/2 

where 
DN = flood damages associated with event of return period N years 
DReg = flood damages associated with Regional Storm event. 

In this equation, the coefficients (0.5, 0.3, 0.1, etc.) represent the interval of probability 
over which the average of bounding damage values are applied.  For the interval from 1% 
probability (100-year event) to infinitely small probability, the average of damage 
associated with the 100-year and Regional Storm events has been applied. 
For the existing watershed conditions, and for each alternative, the flood damages for 
each event have been estimated from hydrologic/hydraulic modeling documented in 
Appendix F. The computer model has been used to simulate flows and flood levels for 
rain storms with return periods of 2, 5, 10, 25, 50 and 100 years, as well as the Regional 
Storm.  Computed flood levels have then been applied to the digital elevation model to 
generate a map of flooded area for each of these events. The maps of flood area are 
presented in Appendix F. 
Table 5 below provides the resulting comparison of estimated flood damages. 
Note that this estimate of flood damages makes no allowance for contribution to flood 
damages in the Hilliard Street/Phillip/Langton Street area caused by spill flows from 
Bears Creek watershed down Hilliard Street. 
Taken together, the comparisons provided in Table 5 and Table 6 clearly show that 
Alternative No. 1 is the preferred alternative solution.  All three alternatives are very 
similar in terms of net flood damage reduction.  With its cost being lowest and its 
performance in other categories being as good as or better than the other alternatives, 
Alternative No. 1 is the best option. 
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Table 5 
Comparison of Estimated Flood Damages and Benefit/Cost Ratios 

EXISTING ALTERNATIVE 
No. 1 

ALTERNATIVE 
No. 2 

ALTERNATIVE 
No. 3 

Estimated annual average flood damages: 

• Private property $ 49,000 $ 9,000 $ 9,000 $ 9,000 

• Municipal Roadways $ 21,000 $ 3,000 $ 1,000 $ 4,000 

• Total $ 70,000 $ 12,000 $ 10,000 $ 13,000 

Present value of flood 
damages $1.72 million $ 290,000 $ 250,000 $ 320,000 

Present value of flood 
damage reduction - $ 1.43 million $ 1.47 million $ 1.40 million 

Estimate of Total 
Implementation Costs 

(see Table 6) 
- $ 1.3 million $ 3.0 million $ 2.4 million 

Benefit / Cost Ratio - 1.10 0.49 0.58 

Notes: 

1. Estimated annual average flood damages have been computed from integration of damage-versus-probability as 
described in section 4.3 of this report. 

2. Present values are based on service life of 100 years and an assumed average annual discount rate of 4.0%. 

3. Estimates of flood damages make no allowance for contribution to flood damages in the Hilliard 
Street/Phillip/Langton Street area caused by spill flows from Bears Creek watershed down Hilliard Street 
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Table 6: Comparison of Three Alternative Solutions 
Alternative No. 1 Alternative No. 2 Alternative No. 3 

COST 
Construction Cost $ 1.1 million $ 2.5 million $ 2.2 million 
Other Implementation Costs 
(easement or property acquisition, etc.) $ 0.2 million $ 0.5 million $ 0.2 million 

Total Implementation Costs $ 1.3 million $ 3.0 million $ 2.4 million 

IMPACTS DURING CONSTRUCTION 

Traffic disruption, noise, dust, impacts on 
private property 

Lowest: 
Impacts limited to Marin  a 
Boulevard 

Moderate: 
 Lower than Alternative No. 3 
since less construction  on 
public roadway, but significant 
impact to Northcrest Plaza 

Highest: 
 Due to extensive work along 
both Marina Blvd. And  Hilliard  
Street 

NATURAL ENVIRONMENT 

Potential for disruption to or destruction of 
aquatic habitat 

Minimal 
(limited to outfall at Marina  
Blvd/Royal Drive) 

Highest 
Due to replacement of the pipe 
through The Parkway corridor  
and 1100 Hilliard St. 

Minimal 
(limited to outfall at Marina  
Blvd/Royal Drive) 

Potential for increase in creek erosion due 
to higher or faster flows 

Moderate 
Higher flows below the 
Marina/Royal Drive outfal  l 

Highest 
Careful desig  n of relief inlet at 
top end of Northcrest Plaza 
required to avoid erosion  
problem  s 

Moderate 
Higher flows below the 
Marina/Royal Drive outfal  l 

EASE OF IMPLEMENTATION 
Requirements to reach agreement with 
private property owners for easement or 
acquisition 

Best Worst As good as Alternative #1 

RELIABILITY AND MAINTENANCE REQUIREMENTS 
Reliability and relative ease of maintaining 
the proposed works 

Best. No significant 
issues. 

Requires access to private 
properties As good as Alternative #1 
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5. RECOMMENDATIONS 

5.1 Recommended Flood-Reduction Alternative for Bears Creek 
It is recommended that the City of Peterborough proceed with implementation of 
Alternative No. 1 as outlined in this report, as the preferred alternative for reducing flood 
damages in Bears Creek watershed.   
Implementation of Alternative No. 1 will require completion of the Municipal Class EA 
process through the public filing of the Project File Report, followed by development of a 
detailed engineering design to permit ultimate construction of the proposed works. 

5.2 Recommendations Regarding Flood-Risk Management 

5.2.1 Stormwater Control in New Urban Development Areas 

It is recommended that the City of Peterborough and the Township of Smith-Ennismore-
Lakefield adopt the following requirement with regard to the control of stormwater flows 
released from new development properties to Bears Creek: 

1. Peak flows from new development properties to Bears Creek should be controlled 
to the existing (pre-development) rate for storm events that include those with 
return period of 2, 5, 10, 25, 50 and 100 years. 

2. As well, peak flows from new development properties to Bears Creek should be 
controlled to the existing (pre-development) rate for the Regional Storm event. 

The technical basis for these specific flow control targets is described in Appendix F. 
These requirements should be implemented as part of the City’s planning application 
review process and as part of the final detailed engineering review of proposed drainage 
systems for new development properties. 
As part of the overall planning process for new land developments in Bears Creek 
watershed, further Master Drainage Planning will be required jointly by the City of 
Peterborough and the Township of Smith-Ennismore-Lakefield.  This will ensure that 
proper planning, design and implementation of “Regional Storm” stormwater 
management facilities is an integral part of the overall planning and development process. 
Development proponents should be required to submit details of how the existing (pre-
development) peak flow rates from the site in question were computed, including detailed 
mapping of the affected area draining to Bears Creek, including details of how drainage 
from any adjoining land which currently drains through the subject property to Bears 
Creek will continue to do so. Estimation of stormwater flows under existing conditions 
from the subject property should account for any temporary storage that is provided in 
local depressions or low spots within the subject property. 
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5.2.2 Regulatory Flood-Risk Mapping 

It has been concluded that an update to the Regulatory flood-risk mapping for Bears 
Creek is needed. 
A preliminary update is provided in this report in Appendix F.  To allow development of 
final flood-risk mapping, some further refinements to the steady-state HEC-RAS 
hydraulic model are required, as well as some localized topographic detail survey to 
augment the available digital elevation model.  Appendix F provides details on 
requirements for finalizing the flood-risk mapping. 
It is recommended that Otonabee Conservation proceed with an update to the current 
flood-risk mapping for Bears Creek. 

5.3 Other Recommendations 

5.3.1 Culvert Inlet Trash Rack Improvements 

It is recommended that the City proceed with improvements to the inlet debris racks at 
Culverts B6 and B2, as a priority component of the overall flood-reduction strategy.   
Debris accumulation and partial blockage of these racks is an ongoing issue.  Improving 
these two inlet racks is part of the overall recommended flood-reduction strategy (Figure 
17). 
Appendix G provides information on design criteria and possible design approaches for 
improving these two inlet racks.   
With respect to priorities, improving the inlet debris rack at Culvert B6 should be a top 
priority. Partial or full blockage of this culvert could potentially result in flooding of the 
townhouse complex at 1100 Hilliard Street.  The flood damages caused by a heavy 
rainstorm could potentially be significant, as blockage of the culvert would effectively 
force all of the creek flow to flow along the surface through the townhouse complex. 
5.3.2 System Maintenance and Operation 

It is recommended that the City review its current preventative maintenance programs 
with respect to the storm drainage system in Bears Creek watershed.  This review should 
examine the frequency with which crews inspect storm sewers, culvert inlets and street 
catchbasins for damage or debris accumulation.  If possible, more frequent inspections 
are desirable, as this will help to minimize the chances of flooding occurring due to inlets 
being blocked. 
Also, current operations and inspection programs should be reviewed to see if it is 
feasible to mobilize crews to carry out strategic inspections (e.g. inlets of Culverts b6 and 
B2) as soon as any storm warnings are issued by Environment Canada or other weather 
services. 
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5.3.3 Sanitary Sewer Manhole Sealing 

It is recommended that the City proceed with sealing of manhole covers and riser rings at 
sanitary sewer manholes along Marina Boulevard from Hilliard Street to Royal Drive, 
and along Hilliard Street from Culvert B8 down to Marina Boulevard. 
To assist with setting priorities, the following table lists the number of sanitary manhole 
lids subject to surface flooding, for various storms: 

Table 7: 
Sanitary Sewer Manholes Subject to 
Surface Flooding in Alternative No. 1 

Location 

Estimated number of sanitary sewer manhole lids 
subject to surface flooding, 

for design storms and historical rain events 
 (with recommended Alternative No. 1 implemented) 

2-yr 
design 
storm 

5-yr 
design 
storm 

10-yr 
design 
storm 

25-yr 
design 
storm 

50-yr 
design 
storm 

100-yr 
design 
storm 

Regional 
Timmins 

storm 

July 
2004 
storm 

Marina Boulevard 0 0 0 0 3 3 4 3 

Hilliard Street below The 
Parkway corridor 0 0 0 4 4 4 4 4 

Hilliard Street above The 
Parkway corridor 0 0 0 0 0 0 8 8 

Priority should be placed on sealing of manholes located Marina Boulevard, followed by 
those along Hilliard Street below The Parkway corridor, followed by those along Hilliard 
Street above The Parkway corridor to Culvert B8. 

5.3.4 Adoption by Township of Smith-Ennismore-Lakefield 

The above recommendations include flow-control targets for new urban development 
within any portion of Bears Creek watershed.  The recommended stormwater flow 
control targets provided above, should be applied within both the City of Peterborough 
and the Township of Smith-Ennismore-Lakefield. 
This project has evaluated the potential impacts of future urban development as defined 
by the current Official Plans of both municipalities. 
In the longer term, there is the possibility of additional urban development (i.e. beyond 
that currently envisaged by the existing OP’s).  Given the current pattern of development 
within the City of Peterborough, this may particularly true within the portion of Smith-
Ennismore-Lakefield that is within Bears Creek watershed. 
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Accordingly, it is recommended that the City of Peterborough request that the Township 
of Smith-Ennismore-Lakefield adopt the stormwater management targets (per section 
5.2.1 above) for any new urban development or property redevelopment that may occur 
in future within Bears Creek watershed.  This adoption could take the form of policies 
that become part of the Township’s Official Plan and/or zoning by-law.  Alternatively, 
the City could complete a sensitivity analysis for the watercourse along the developed 
portion of the Bears Creek watershed to determine allowable upstream impervious 
percentages that would not result in a significant downstream flooding. Amendments to 
the existing OP's would then in essence provide the flow-controls required to meet the 
targets specified in this study. 
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6. PRIORITIES FOR IMPLEMENTATION 

The recommended flood-reduction strategy for Bears Creek watershed is comprised of a 
number of components and recommended actions. 

6.1 Basis for Priorities 
To assist with setting priorities, the estimates of flood damages under existing watershed 
conditions can be considered. The following table provides further details on the 
estimates of the average annual flood damages on private properties and municipal 
roadways. 

Table 8 
Estimated average annual flood damages on private properties and municipal 

roadways, under existing watershed condition 

Location 
Estimated 

average annual 
flood damage 

1100 Hilliard Street $ 30,000 

Edmison Heights Public School $ 6,000 

Private residences  

• Marina Blvd: 

• Water Street: 

$ 8,000 

$ 5,000 

Total for Private Properties $ 49,000 

Municipal Roadways 

• Hilliard Street $3,000 

• Marina Blvd. $18,000 

Total for Municipal Roadways $ 21,000 

Notes: 

Average annual flood damages are based on integration of damage-versus-probability as described in 
section 4.3 of this report. 

The following points outline the basis for setting priorities: 

XCG file 3-2087-01-01 Bears Creek Flood Reduction Master Plan Page 39 of 35 
Date: February 21, 2008 



  
  

  
 

  
 

 

 

 

 

 
 

 

 

 
 

 

 

 

 

BEARS CREEK DETAILED FLOOD REDUCTION 
MASTER PLAN PROJECT FILE REPORT 

1. The largest share of flood damages to private property are those associated with 
the townhouse complex at 1100 Hilliard Street.  The potential for flooding here is 
due to the limited capacity of Culverts B6 and B5, and the fact that existing 
grading will send overland flow through the low-lying townhouses. 

2. Therefore, in implementing the recommended Alternative No.1, a top priority 
should be placed on the recommended modifications to the parking lot at 1100 
Hilliard Street and regrading of the parking lot and adjacent municipal land (The 
Parkway corridor) to ensure that excess flow is directed on the surface out to 
Hilliard Street. 

3. As well, a high priority should be placed on improving the inlet debris rack at 
Culvert B6, as blockage here could result in flooding at 1100 Hilliard Street. 

4. Flood damages at Edmison Heights Public School and at private residences along 
Marina Boulevard (e.g. 159 Marina Blvd.) are due to limited capacity of Culvert 
B2, as well as the limited overland flow-carrying capacity of Marina Boulevard 
down to the Royal Drive intersection. 

5. Alternative No. 1 includes modifying the roadway curb, boulevard and sidewalk 
along the south side of Marina Boulevard at the Royal Drive intersection to 
provide a better defined spillway from the intersection to the creek. This is a 
relatively inexpensive component of the overall strategy, and should be easy to 
implement as it is within municipal property.  It should help to reduce what local 
residents have reported as being relative frequent ponding and localized flooding 
of this intersection. This component of Alternative No.1 should therefore be a 
priority. 

6. In conjunction with the above, improvements to the inlet debris rack at Culvert B2 
should be implemented to help minimize creek backup and resulting surface flow 
onto the Marina Boulevard/Royal Drive intersection. 

7. Further improvement to the drainage of this intersection will be provided with the 
implementation of the recommended increase in size of the final storm sewer 
outfall pipe carrying the creek through this intersection (see Figure 17).  As part 
of this installation, the intersection drainage can be improved by addition of 
catchbasins that drain into the new pipe. 

8. Since Hilliard Street and Marina Boulevard will continue to act as overland flow 
routes during large rain events, sealing of sanitary sewer manholes along these 
roadways should also be considered a priority, as it will help address the problem 
of sanitary sewer back-ups.  As noted above, priority should be placed on sealing 
of manholes located Marina Boulevard, followed by those along Hilliard Street 
below The Parkway corridor, followed by those along Hilliard Street above The 
Parkway corridor to Culvert B8. 
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6.2 Summary of Priorities 

Priority Description Overview of benefits 

1 
Modifications to parking lot at 1100 Hilliard 
Street, along with improvements to inlet debris 
rack at Culvert B6. 

Reduction in potential for substantial flood 
damages to private property at 1100 Hilliard 
Street. 

2 

Modifications to road curb, boulevard and 
sidewalk along south side of Marina Boulevard 
at Royal Drive intersection to provide designed 
spill route into the creek; and improvements to 
inlet trash rack at Culvert B2. 

Reduction in flooding at intersection of 
Marina Blvd. and Royal Drive, with 
resulting benefits to Edmison Heights PS 
property as well as private residences along 
Marina Blvd; as well as reduction in surface 
inflow to sanitary sewer manholes in the 
vicinity of the intersection. 

3 Sealing of sanitary sewer manholes along 
Marina Boulevard and Hilliard Street 

Reduction in surface inflow to sanitary 
sewer manholes, to assist with resolving 
sanitary-sewer back up problems. 
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Figure 1: Bears Creek Flood Reduction Study area 



 

Figure 2: Municipal Class EA process 



 

 
Figure 3: Aerial Photo Map of Bears Creek Watershed 
(photography in 2005) 
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Figure 4: Elevation profile of Bears Creek channel 



 

 

Figure 5: Municipal storm sewer system in Bears Creek watershed 



 

Figure 6:  Future land use in Bears Creek watershed, per current Official Plans 



 

Figure 7: Natural Environmental Features, 2006 



 

Figure 8: Pattern of observed surface flooding, July 15, 2004, based on 
information and photographs from general public and government agencies. 



 

 
 

 

Photos provided to XCG by local 
resident showing spill flow from 
Culvert B8 onto Hilliard St., and flow 
down Hilliard Street toward Franklin 
Drive (July 15, 2004) 

Time of day not indicated. 

 

Figure 9: Photos July 15, 2004 of spill flow from 
Culvert B8 onto Hilliard Street.  Photos supplied 
by local resident. 



 

 

 

Figure 10: Photos July 15, 2004 supplied by ORCA 
(from J.W. Merriam Associates report) 

At Culvert B8 (Hilliard Street 
above Franklin Drive) 

Hilliard Street at 1100 Hilliard entrance 

M1: Spill flow from Culvert B8 onto Hilliard St.  
Residence on right is 1293 Hilliard St 

Marina Blvd 

Marina Blvd at Royal Drive 

Spill flow from Marina Blvd back into the 
creek (at Royal Drive) 



 

 Figure 11: Photos July 15,.2004 supplied by 
local resident, showing spill flow coming 
down Hilliard Street to Franklin Drive, 
onto Franklin Drive, ponding on Franklin 
over the Culvert B7 crossing, and spill at 
that location back into the creek 



 

 

Parking lot at 1100 Hilliard St 

Ponding on Marina Blvd at Royal Drive 
intersection. Flow is spilling over the 
sidewalk beside the bus sheklter and into 
the creek 

Spill flow from parking lot at 1100 Hilliard 
St out onto Hilliard Street 

Figure 12: Additional photos by local 
residents, July 15,.2004 



 

Figure 13: Municipal storm sewer system capacity assessment 



 

Figure 14: Photos of culverts along Bears Creek 



 

Figure 15: Capacity of culverts and creek channel along low  er Bears Creek 



 

Figure 16:  Potential channel design concept and land requirements for channel capacity 
increase through Northcrest Plaza property and along Marina Boulevard, for conveyance of 
flood flows  

Potential property requirements 
for improved channel 
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mm storm 

sewer along 
Royal Drive 

Improve or replace 
culverts B3 and B4 
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Existing creek channel 
remains unaltered Improve inlet debris 

rack (culvert B2) 

Increase size of final 
storm sewer outfall pipe 

 from Royal/Marina intersection 
to creek to 2130 mm 
and install additional 

catchbasins at intersection 

Modify 1100 Hilliard parking lot: 
perimeter curb and regrading, to direct 

surface flow out to Hilliard Street 

Improve inlet debris rack 
(culvert B6) 

1100 
HILLIARD 

Modify roadway curb, boulevard and 
sidewalk to provide a designed spillway 

for surface flow from Marina Blvd back into 
the creek 

Modify grading along 
The Parkway to direct 

excess flow spill out onto 
Hilliard Street 

NORTHCREST 
PLAZA 

Overland flow route along Hilliard 
Street roadway: 

1. Install watertight manhole covers and riser 
rings at all sanitary manholes. 

2. Review and modify if necessary the Hilliard Overland flow route along Marina Blvd.: 
Street entrance to Northcrest Plaza to 

1. Install watertight manhole covers and riser rings at avoid flow spill from Hilliard St. 
all sanitary manholes. 

2. Review road profile, curb grades and sidewalk 
grades and modify as needed to ensure safe Replace existing 300-mm storm sewer along 
containment of overland flow Marina Blvd from Hilliard intersection to Royal 

Drive, with 1800 x 1200 mm box storm sewer 3. Review elevation and grading of entrance at 159 
with high-capacity roadside inlet at Hilliard intersection to Marina Blvd to ensure no spill of surface flow into 

eliminate throughflow down Hilliard Street reverse-slope driveway. 

FIGURE 17: Bears Creek Flood Reduction Study 
ALTERNATIVE No. 1 
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minimize throughflow along Hilliard Street 

FIGURE 18:  Bears Creek Flood Reduction Study 
ALTERNATIVE No. 2 
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FIGURE 19: Bears Creek Flood Reduction Study 
ALTERNATIVE No. 3 
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