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TWO‐ZONE FLOODPLAIN MAPPING AND FLOOD MITIGATION STUDY 
OSHAWA AND GOODMAN CREEKS 

EXECUTIVE SUMMARY 

In the City of Oshawa significant flood hazards are known to exist along Oshawa Creek 
and Goodman Creek upstream of the Canadian Pacific Railway (CPR) embankment.  
The nature of the flood hazard in this area has been known for many years, and as such 
since 1997 the Central Lake Ontario Conservation Authority (CLOCA) has utilized a 
Two-Zone Flood Hazard Policy to regulate the flood risks in this area.  As part of a 
Watershed Flood-Risk Assessment, completed in 2017 by CLOCA, the number of 
homes and businesses and the significance of this flooding was assessed in 
comparison to other known flood hazard areas.  This flood hazard area was considered 
to be one of the most significant within CLOCA jurisdiction. The severity of flooding 
within this area is largely attributed to the limited flow capacity provided by the bridge 
and CPR embankment crossing downstream of the confluence of Goodman Creek with 
Oshawa Creek.   

The goals of this study were to: 

1. Update the delineation of the Two-Zone flood hazard area based on the latest 
hydrologic and hydraulic modelling for the Oshawa Creek watershed, 

2. Assess the possible impacts associated with future land use and climate 
changes, and 

3. Identify possible floodplain reduction solutions. 

To define the flood fringe area (the area between the floodplain limit and the floodway) 
the limits of the floodway were examined using a variety of criteria.  The floodway was 
delineated within the study area based on the limits of the 100-year floodplain, and 
provincial standards for safe flood depths, velocities, and depth-velocity product. It was 
determined that the majority of the study area’s floodway can be defined by the depth of 
flooding.  Due to severe backwater effects caused by the limited flow capacity at the 
CPR bridge, most of the floodplain has flow depths exceeding 1m with low velocities 
during the Regional storm event.  

This study identified 712 buildings or structures at risk of flooding within the Two-Zone 
Policy area, of which 326 of the flooded buildings can be attributed to the limited flow 
capacity and obstruction to floodplain flow caused by the CPR bridge and embankment, 
respectively. The remaining 386 buildings are located within the natural floodplains of 
Oshawa and Goodman Creeks. 

Most roads within the study area have limited safe ingress-egress, as flood depths are 
greater than 0.4m in almost all instances, especially west of the Oshawa Mall and south 
of John Street. The need for safe ingress and egress is particularly important in 
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locations such as the Village Union Public School, located at Gibb Street and Nassau 
Street. Limited safe ingress/egress also exists along Goodman Creek upstream of 
Stevenson Road. However, the flooding situation in this part of the study area is more 
favorable compared to the Oshawa Branch (such as the Oshawa Centre) because 
alternative routes are available with only minor pockets of flood depths greater than 
0.4m. 

Unlike a One Zone Flood Hazard Policy, a Two Zone Flood Hazard Policy is not as 
strict, and some encroachment may be permitted into the flood fringe area. The 
potential for encroachment associated by development or redevelopment of the lands 
within the flood fringe was assessed by examining the effects on flood flow conveyance 
and storage. Encroachment within the entire flood fringe was found to have little impact 
on flood elevations or flood flows due to a loss in storage, except for a small area 
through Goodman Creek, north of Montcalm Avenue. The flood fringe area represents 
approximately 48 ha of existing developed land. 

The effects of climate change were assessed to determine the extents of the expected 
100-year floodplain in the future. It was determined that future 100-year floodplains will 
have no impact on the overall regulatory floodplain, however, will have minor impacts on 
the floodway through the Goodman Creek upstream of Gibb Street, as the floodway is 
often defined here by the 100-year floodline.  

The effects of continued development of the Whitebelt area (3A land use Scenario) 
were investigated. The flooding impacts through the study area due to development of 
the Whitebelt lands were noted to be relatively minor, generally resulting in a maximum 
8cm increase in flood elevations.  Even though this increase may be relatively minor, 
due to the current severity of flood hazards in this area, CLOCA cannot accept any level 
of additional increase in flood risks. 

To mitigate the potential impacts associated with flood increase caused by development 
of the Whitebelt area, two relief culvert structure scenarios were investigated at the CPR 
Embankment. The analyses concluded that either a 3.6m span by 3.0m rise box culvert 
or twin 2.7m diameter pipe culverts would offset the 8cm flood increase. These works 
however would not offer any flood relief to existing flood susceptible areas within the 
Two-Zone Policy Area.  The estimated cost for these flood relief works is $1.08 and 
$1.10 million, respectively. 

A stormwater management alternative for flood mitigation was also investigated in effort 
to reduce peak flows through the study area due to the development of the Whitebelt 
Area. Both the additional quantity storage volume and the area required to mitigate 
peak runoff from the 100-year to the Regional storm event was assessed through 
hydrologic modelling. An additional estimated cost of $7.7 million would be required for 
the Regional stormwater management works over the cost required for normal 
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stormwater management works for typical storm events (i.e. 1-year to 100-year return 
period). This cost would only offset the 8cm increase associated with development of 
the Whitebelt lands and would have no additional benefits to the Two-Zone Policy area.   

To reduce the existing level of flood hazard within the Two Zone Policy area, several 
flood reduction solutions were assessed, primarily by examining the benefits of a much 
larger secondary bridge opening through the CPR embankment. The resulting hydraulic 
and benefit-cost analysis concluded that a 30m span relief structure, located in the 
floodplain west of the existing opening, would be the optimum flood reduction solution. It 
was estimated that the 30m span structure would cost approximately $6.90 million and 
would remove 298 buildings from the floodplain.  It is also noted that 386 buildings will 
remain within the natural floodplain of the valley. The flood reduction benefits offered by 
improvements to the CPR embankment are limited to reducing the Regional floodplain 
to the downstream side of Stevenson Road on Goodman Creek and the downstream 
side of John Street on Oshawa Creek. 

Other flood reduction solutions considered included improvements downstream of the 
CPR Embankment, and upgrades to the Montcalm Avenue, Stevenson Road, Gibb 
Street and Cartier Street structures.  The results demonstrated that Montcalm Avenue, 
Stevenson Road, Gibb Street, John Street and Cartier Street improvements would have 
little to no benefits to reducing the regulatory floodplain.  

All flood reduction strategies were compared, and it was concluded that a second, large 
30m span opening is the most effective flood reduction alternative, as it provides the 
highest level of benefit to cost ratio in comparison to other alternatives. While smaller 
flood relief structures result in lower overall capital costs, their overall benefits are minor 
as their main function is to bring 3A flood levels back to 2A conditions. These works 
only address a 8cm decrease in flood elevation and as such, only a few buildings 
become removed from the floodplain.  

It was concluded that in lieu of providing Regional stormwater management through the 
Whitebelt Area, the costs for the flood prevention works during the Regional storm 
would be more appropriately spent on improvements at the CPR crossing of Oshawa 
Creek.  These works would provide benefits to reducing existing flood risks in the Two 
zone policy area and offset the increases in flood hazard associated with development 
of the Whitebelt area lands.  

The key recommendations offered by this study are as follows: 

1. CLOCA and the City of Oshawa adopt the floodway and fringe areas defined by this 
study into an update of the current Two-Zone Policy for this area. 
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2. When the opportunity arises, the flow conveyance be increased at the CPR 
Embankment by adding a second 30m span bridge adjacent to the existing bridge to 
reduce the number of homes in the floodplain due to the CPR Embankment by 
~90% and improve the overall ingress/egress viability for properties located within 
the Two Zone Policy Area. 

3. The City should consider financial contributions from the development community to 
support CPR Embankment Improvements, as the benefit-costs for implementing 
Regional stormwater management control are not as cost effective in the Two-Zone 
Policy area for reducing the impacts caused by development of the Whitebelt Area. 
Potential increases in flooding within the Two-Zone study area associated with 
development of the 3A Scenario can be offset with flow conveyance improvements 
at the CPR Embankment.  

3.1. If there is an opportunity to improve the CPR Embankment, Regional 
Stormwater Management Control would not be required within the Whitebelt 
Area. 

3.2. If no CPR Embankment opportunities arise, Regional Stormwater Management 
should be imposed within the Whitebelt to ensure no adverse flood impacts 
occur to downstream Flood Damage Centers. 

4. Any application to fill (encroach) within the flood fringe area must be accompanied 
by a hydraulic analysis to ensure no flood impacts occur to adjacent properties. 

5. The Canadian Pacific Railway (CPR) and associated authorities (Metrolinx et al) 
should be advised of the importance of improving flood conveyance at this location. 
Opportunities to improve the crossing should be investigated in cooperation with the 
City of Oshawa, with all expansion, replacement, and improvement projects through 
this railway segment. 

6. The City should investigate additional flood reduction strategies once the CPR 
Embankment improvements have been implemented. Such floodplain reduction 
strategies include, but not limited to improvements to bridges crossing Oshawa 
Creek on Gibb Street and John Street Bridge. 

7. With respect to the Two-Zone area only, there should be no tolerance for increases 
in flood hazards caused by upstream development (Whitebelt Lands). This 
recommendation has no bearings on impacts due to peak flows outside of the Two-
Zone Area. 
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TWO‐ZONE FLOODPLAIN MAPPING AND FLOOD MITIGATION STUDY 
OSHAWA AND GOODMAN CREEKS 

1.0 INTRODUCTION 

In 2017, the Central Lake Ontario Conservation Authority (CLOCA) conducted a 
Watershed Flood Risk Assessment (WFRA) to determine the most at-risk to flood 
hazard watersheds within their jurisdiction. The WFRA study concluded that a 
significant number of homes and businesses are located within the regulatory flood 
hazard limit of the Oshawa and Goodman Creeks located upstream of the Canadian 
Pacific Railway (CPR) crossing of Oshawa Creek.  More than 400 structures within the 
study area were identified in the WFRA study. The floodplain study area along Oshawa 
and Goodman Creeks are currently regulated by CLOCA using a Two-Zone flood 
hazard policy. This policy recognized the concepts of a floodway and flood fringe. The 
potential impacts of flooding in this area include the loss of public property, public safety 
concerns, and social and economic hardship for the property owners within this area.  

Establishing policies for managing regulatory floodlines is an essential mandate by 
Conservation Authorities. Municipalities are generally delegated with the responsibility 
of identifying flood hazard lands and developing management plans to limit the public 
from the associated flood risks. As such, CLOCA and the City of Oshawa are 
undertaking this study with the goal of updating the delineation of the Two-Zone flood 
study area, identifying possible floodplain reduction solutions and assessing possible 
impacts associated with future land use and climate changes in the watershed. 

Greck and Associates Limited (Greck) were retained to conduct the technical analyses 
required, prepare updated floodplain mapping and facilitate the public consultation 
process. 

1.1 STUDY AREA 

The study area is generally defined as the lands and watercourse located within the 
currently defined Two-Zone Policy Area, with the exception of additional lands on 
Oshawa Creek (from John Street to King Street West), see Figure 1.1.  This study area 
includes land and watercourses within the regulatory floodplain: 

 On Goodman Creek downstream of the online stormwater management pond 
upstream of King Street West to the confluence with Oshawa Creek; and  

 On Oshawa Creek downstream of King Street West to the upstream side of the 
CPR embankment. 
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The current limit of the Two-Zone policy area on Oshawa Creek is located downstream 
of King Street West and closer to John Street West. 

 

FIGURE 1.1: TWO-ZONE STUDY LIMIT 
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2.0 BACKGROUND INFORMATION 

The development of flood management policy and the assessment of flood reduction 
solutions for the study area has evolved over time. The following study highlight key 
relevant background studies.  

Preliminary Engineering Study, Oshawa Creek, Totten Sims Hubicki Associates 
Limited, May 1977  

In 1979, a floodplain management policy was implemented to address the flooding 
concerns within the study area. This policy was based on increasing the opening 
through the CPR embankment which was believed to be the primary cause for the 
extensive floodplain area. A 100-year design storm bridge opening (100’) was 
recommended to replace the existing CPR opening, however, the enlargement of the 
opening was never implemented due to significant cost constraints. 

Two-Zone Flood Plain Study for a Reach of the Goodman Creek – Background 
Technical Document and Policy Recommendation, Rand Engineering 
Corporation, 1997 

In 1997, a Two-Zone floodplain study was completed for a portion of the study area, 
located within the Goodman Creek regulatory floodplain, located upstream of the 
Grenfell Street watercourse crossing.  

Two-Zone Flood Plain Study for Portions of the Goodman and Oshawa Creeks 
Immediately Upstream of the St. Lawrence and Hudson / CP Railway 
Embankment, Greck and Associates Limited, July 2005  

In 2005, Greck and Associates Limited completed Phase 2 to the 1997 Rand 
Engineering study, to provide Two-Zone floodplain mapping and policy 
recommendations of the remaining study area, located downstream of Stevenson Road, 
Upstream of the CPR crossing and downstream of John Street. 

Oshawa Creek Hydrologic and Hydraulic Modeling, CLOCA, August 2014 

In 2014, CLOCA updated the regulatory floodplain mapping of the Oshawa Creek 
Watershed to determine official regulatory floodplain limits due to anticipated land-use 
changes within the City of Oshawa, Ontario.  This study included updating hydrologic 
and hydraulic analyses of the overall watershed based on the future land-use changes 
proposed in the 2010 City of Oshawa Official Plan (OP), referred as the Future 
Conditions 2A: Full OP Build out (2A Scenario).  

An additional scenario was completed to estimate the peak regulatory flows within the 
watershed due to the Future Conditions 3A: Full OP Buildout Plus White Belt Buildout 
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(3A Scenario). The 3A Scenario assumed the 2010 City of Oshawa Official Plan land-
use, in addition to going beyond the foreseeable development limits within the Whitebelt 
Area (primarily agricultural land between the urban boundary and the Green Belt & Oak 
Ridges Moraine). The results of the study concluded a smaller flood hazard area in 
comparison to historical mapping. 

Watershed Flood-Risk Assessment, CLOCA, April 2017. 

The risk assessment identifies the Goodman Creek Flood Damage Center as the 
largest damage center in the CLOCA jurisdiction with more than 400 homes, 
businesses, and apartment complexes within the regulatory floodplain. This flood 
damage centre (FDC) has the greatest flood risk of all 92 FDCs in the CLOCA 
watershed. The potential depth and extent of flooding within this area would cause 
extensive structural damage to buildings, pose significant threat to public safety, and 
have high economic and social impacts.  

2.1 DEFINITION OF TERMS 

The fundamental concept of a Two-Zone floodplain policy is based on the nature of how 
watercourses flood within their floodplain area. A number of terms are used in this 
report which deal with these basic concepts. These terms are defined below. The 
definitions provided are those provided in the 2020 Provincial Policy Statement by the 
Ministry of Municipal Affairs and Housing (MMAH, 2020) and the Ontario Ministry of 
Natural Resources – Technical Guide – River and Stream Systems: Flooding Hazard 
Limit (MNR, 2002).  

Floodplain: for a river stream, and small inland lake systems, means the area, usually 
lowlands adjoining a watercourse, which has been or may be subject to flooding 
hazards.  

Flooding Hazard: means the inundation, under the conditions specified below, of areas 
adjacent to a shoreline or a river or stream system and not ordinarily covered by water. 
Along river, stream and small inland lake systems, the flooding hazard limit is the 
greater of: 

1. The flood resulting from the rainfall actually experienced during a major storm 
such as the Hurricane Hazel storm (1954) or the Timmins storm (1961), 
transposed over a specific watershed and combined with the local conditions, 
where evidence suggests that the storm event could have potentially occurred 
over watersheds in the general area; 

2. The 100-year flood; and 
3. A flood which is greater than 1. or 2. which was experienced in a particular 

watershed or portion thereof as a result of ice jams and which has been 
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approved as the standard for that specific area by the Minister of Natural 
Resources and Forestry. 

The exception is where the use of the 100-year flood or the experienced event has been 
approved by the Minister of Natural Resources and Forestry as the standard for a 
specific watershed (where the history of flooding supports the lowering of the standard). 

One Zone Concept:  is used by planning authorities to determine the flood hazards 
limit based on the 100-year flood or major storm-centered event and prohibits all 
development or site alteration within these boundaries. This is the most effective way of 
minimizing threats to public health or safety, or property damage. The one-zone concept 
is the preferred approach for the management of flooding hazards within river and 
stream systems as it provides the most cost-effective means of minimizing potential 
threats to life and risks of property damage and social disruption. Where the one zone 
concept is applied, the entire floodplain or flooding hazard limit defines the floodway. An 
example of the one zone concept is provided in Figure 2.1. 

 

FIGURE 2.1: ONE ZONE FLOODPLAIN CONCEPT (MNRF, 2002) 

Two-Zone Concept: Identifies the floodway and flood fringe. This concept is less 
restrictive than the One Zone Concept and allows some development and alterations to 
be considered within the overall floodplain. An example of the Two-Zone concept is 
provided in Figure 2.2. 
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FIGURE 2.2: TWO-ZONE FLOODWAY-FLOOD FRINGE CONCEPT (MNRF, 2002) 

Floodway:  for river, stream and small inland lake systems, means the portion of the 
floodplain where development and site alteration would cause a danger to public health 
and safety or property damage. 

Where the One-Zone concept is applied, the floodway is the entire contiguous 
floodplain.  

Where the Two-Zone concept is applied, the floodway is the contiguous inner portion of 
the floodplain, representing that area required for the safe passage of flood flow and/or 
that area where flood depths and/or velocities are considered to be such that they pose 
a potential threat to life and/or property damage. Where the Two-Zone concept applies, 
the outer portion of the flood plain is called the flood fringe. 

Flood Fringe: for river, stream and small inland lake systems, means the outer portion 
of the flood plain between the floodway and the flooding hazard limit. Depths and 
velocities of flooding are generally less severe in the flood fringe than those 
experienced in the floodway. 

Ingress/Egress: in this study, these terms refer to the safe entry and exit to a building 
or property by a municipal roadway. Generally, if the flow depth exceeds 0.4 m then 
safe access by a private vehicle may not be possible. Emergency vehicles typically 
have an allowable flow depth of up to 1.0 m (MNRF, 2002).  
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3.0 SCOPE OF WORK 

The following presents an overview of the scope of work completed in this study.  In 
general, the accuracy and quality of the products prepared by this assignment are very 
important, as they update or redefine the limits for application of Ontario Regulation 
42/06 within the Two-Zone Floodplain Management Policy area.  This requires the use 
of detailed technical analyses to adequately update the limits of the flood hazard area. 
Public Consultation was also a critical component of this study and was done via a 
Public Information Centre (PIC), held on September 25th, 2019. Details of the public 
consultation are provided in Appendix A.  

The purpose of this study is to achieve the goals of: 

1. Update the delineation of the Two-Zone flood hazard area based on the latest 
hydrologic and hydraulic modelling for the Oshawa Creek watershed, 

2. Assess the possible impacts associated with future land use and climate 
changes, and 

3. Identify possible floodplain reduction solutions, 

The study was completed as a three-phase work plan. The phases of the work plan are 
described below:   

Phase 1: Two-Zone Floodway and Flood Fringe Analysis.  Update the limits of 
the Two-Zone flood hazard area. 

Phase 2: Future Impact Assessment. Assess potential impacts associated with 
anticipated increased in peak flows due to climate change and development of 
lands within the Whitebelt Area*. 

Phase 3: Flood Reduction Solutions. Assess flood reduction solutions associated 
with downstream, undersized watercourse crossings. 

  

*The Whitebelt Area is referred to the lands located between the outer edges of the existing urban 
settlement boundary and the Greenbelt area.  This area is currently subject to policies of the Growth 
Plan, 2019.  As this area has been shown in white on provincial Greenbelt maps it has become 
known as the Whitebelt. 



TWO‐ZONE FLOODPLAIN MAPPING AND FLOOD MITIGATION STUDY 
OSHAWA AND GOODMAN CREEKS    APRIL 22, 2021 

 

 

GRECK AND ASSOCIATES LIMITED    PAGE  8 

3.1 PHASE 1: TWO-ZONE FLOODWAY AND FLOOD FRINGE ANALYSIS 

In Phase 1, the primary goal was to provide information to support update of the existing 
Two-Zone flood policy, as outlined below: 

1. Review Existing Background Information 

The initial study tasks consisted of reviewing existing information including the following: 

 Existing hydrologic and hydraulic computer models. 
 Existing digital floodline mapping. 
 Digital base mapping with respect to 2014 and 2017 aerial photography. 
 Existing Two-Zone Policy document; and 
 Review existing available municipal drawings. 

 
2. Delineate the Floodway and Flood Fringe 

Based on existing hydraulic modelling completed by CLOCA, the floodway and flood 
fringe areas were determined and mapped. The flood fringe was defined using specific 
flow depth, flow velocity, flow depth-velocity relationships and the 100-year floodline. 
The floodway was identified as the area of floodplain not associated with the flood 
fringe.  

3. Encroachment Analyses 

Using the hydraulic model developed for the study, encroachment analyses were 
completed. The purpose of these analyses was to examine the benefits and 
opportunities for reducing flood risks associated within the flood fringe area through the 
placement of fill. The placement of fill within the flood fringe may be permitted provided 
no adverse impacts occur upstream or downstream of the fill location. 

4. Access Allowance 

During times of flood flow, it is critical that a passage for safe access to and from the 
flood fringe is achieved. This is particularly important along roadways and pedestrian 
trails such that the public can leave the flood fringe area, and for emergency vehicles to 
access the flood fringe area. To address the issue of ingress and egress to and from the 
flood fringe area, flow depths and velocities were examined along all roads within the 
floodplain area.  

5. Floodplain Mapping 

Based on the analyses completed above, a final set of updated Two-Zone floodline 
maps were prepared. 
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3.2 PHASE 2: FUTURE IMPACT ASSESSMENT 

Several future condition scenarios were evaluated to determine the effects they might 
have on the Two-Zone study area.  

1. Climate Change Hydrologic Modeling 

It is anticipated that due to climate change, the intensity of rainfalls will likely increase. 
Future rainfall IDF Curves were provided by CLOCA and incorporated into the 
hydrologic and hydraulic modeling to determine how the Two-Zone study area may be 
affected by climate change.  

2. Climate Change Floodplain Mapping 

As per the climate change hydrologic modelling, floodplain mapping was produced to 
demonstrate how the 100-year floodline changes over time due to climate change, and 
how it compares to the existing regulatory floodplain within the Two-Zone study area. 

3. Hydraulic Analysis – Future Land-use Scenario 

A future land-use scenario, referred to as the 3A scenario was incorporated within the 
hydraulic modelling. The 3A scenario involves further development (intensification) 
within the Whitebelt Area and therefore may cause an increase in regulatory peak flows. 
An assessment of the structure at the CPR embankment was completed to determine 
the required structure/opening size, such that there is no increase in the regulatory flood 
limits within the Two Zone Policy Area (in comparison to the existing regulatory 2A 
Scenario floodline).  

A rating curve was developed to assess the potential flood elevations increase due to 
intensification of the Whitebelt Area. A relationship between regulatory flood elevation 
and the level of development within the Whitebelt Area can therefore be established to 
determine the optimal level of intensification within the Whitebelt Area. This analysis is 
preliminary in nature, as further work will be required to determine the effects. 

3.3 PHASE 3: FLOOD REDUCTION SOLUTIONS 

In Phase 3, the primary goal was to review flood reduction solutions within the Two-
Zone study area in effort to reduce (minimize) the flood hazard limit within the Two-Zone 
study area. 

1. Reconfirm Technical and Non-Technical Alternatives 
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All previous studies associated with flooding relief within the study area were reviewed. 
Bridges and culverts improvements within the study area were examined to assess their 
impact with respect to regulatory flood conditions. 

2. Assess Alternative Solutions 

Alternative solutions were examined within the hydraulic modelling to determine the 
effectiveness of flood reduction strategies. A benefit-cost analysis was completed in 
effort to evaluate each flood reduction solution. 

3. Recommendation of the Preferred Alternative(s) 

Based on the benefit-cost analysis, a recommended alternative was prepared.  
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4.0 TECHNICAL ANALYSES AND RESULTS 

This section provides description of the technical analyses completed and the results 
obtained. The focus of this work includes a description of the analytical methodology 
and results for the hydrologic and hydraulic analyses completed. 

4.1 PHASE 1: TWO-ZONE FLOODWAY AND FLOOD FRINGE ANALYSIS 

4.1.1 DELINEATE THE FLOODWAY / FLOOD FRINGE 

To be consistent with previous floodway and flood fringe analysis and provincial 
standards, the criteria of the current CLOCA policy were applied and summarized 
below. These parameters were originally based on the MNRF 2002 Technical 
Guidelines for delineating the floodway and flood fringe. The four (4) criteria for 
delineating the floodway are: 

 Velocity equal or greater than 1.5 m/s; 
 Depth equal or greater than 1.0 m; 
 Depth-velocity product equal or greater than 0.4 m2/s; and 
 100-year floodplain. 

Velocities equal or greater than 1.5 m/s has been defined as flow velocity where 
individuals would likely get swept off their feet (MNRF, 2002). Flood depths of 0.98 m 
would be sufficient to float young school children, while also potentially causing flooding 
concerns for emergency vehicles (MNRF, 2002).  

The product-velocity rule is typically a more appropriate method of determining forces 
on pedestrians, as it accounts for the upward buoyant forces, lateral force due to 
moving water, unbalanced hydrostatic forces and the shear force of friction acting on 
the weight of one person. The MNRF Guidelines provide several velocity-depth 
recommendations, however for conservative purposes and to be consistent with existing 
policies, a depth-velocity of 0.4 m2/s was used to define a high-risk area for individuals.  

Depth, velocity and depth velocity floodway was determined using HEC-RAS Mapper 
(RAS Mapper – a built in GIS application through HEC-RAS software. A digital elevation 
model (DEM) provided by CLOCA/the City of Oshawa was imported into RAS Mapper. 
The regulatory floodplain is then plotted, and depths can be determined throughout the 
model based on the difference between the regulatory flood elevation and the 
underlying DEM elevation. The DEM provided is based on a 10 m grid to generate 1 m 
contours. The DEM was imported to RAS-Mapper and interpolated to a 0.5 m cell size.  
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4.1.1.1 EXISTING REGULATORY FLOODPLAIN 

As part of the 2014 CLOCA Floodplain Mapping of the Oshawa Creek Watershed, 
significant changes in the regulatory floodplain were identified, specifically at the CPR 
Embankment. Previous hydraulic analyses from the Greck 2005 study concluded a 
flood elevation of 102.97 m upstream of the CPR Embankment, where a peak flow of 
935.3 m3/s is conveyed through the embankment during the Regional Storm Event. The 
updated hydrologic analysis used in the 2014 CLOCA Floodplain mapping concluded 
that the peak flow entering the CPR Embankment is 768 m3/s, resulting in a Regional 
Flood Elevation of 101.93 m at the CPR Embankment, or no overtopping the CPR 
embankment. 

In comparison to the historical floodplain mapping studies, peak flows were reduced due 
to the development of a new model and updated methods for calculating Time to Peak 
from the 2014 Floodplain Mapping, specifically within the Oshawa 1 Main Branch, 
where Regional peak flows decreased from 866 m3/s to 768 m3/s (at the location of the 
CPR Embankment, Node 38). It should be noted that in the 2005 analyses, the 
attenuation of flows upstream of the CPR Embankment were considered – where the 
CPR Embankment was modelled as a Route Reservoir, thus acting as a dam that would 
provide inline quantity controls. As part of the updated Two-Zone Flood Study, all 
storage considerations upstream of the CPR Embankment were no longer considered.  

The level of peak flow reduction due to the CPR embankment storage/attenuation was 
considered minor, and the CPR Embankment was not constructed as a formal dam/flow 
attenuating structure. Regional peak flow attenuation would not be considered 
appropriate as per discussions with CLOCA and the City. Updates in the channel 
routing lengths were applied, resulting in a peak flow of 769.5/s (increase in 1.5m3/s) in 
comparison to the 2014 CLOCA study. 

Within the Goodman Reach, the Regional Flood Hazard increases towards several local 
road networks, where flood depths are relatively shallow. The majority of Waverly 
Street, Durham Street and Stevenson Road are under flooded conditions north of Gibb 
Street and south of King Street West. Within the Lower Goodman Reach (downstream 
of Stevenson Road) and in the Oshawa Branch, the majority of Gibb Street is flooded, 
with depths exceeding 1.0m throughout the majority of Gibb Street, east of the Oshawa 
Mall and west of Centre Street. 

4.1.1.2 HEC-RAS MODELING MODIFICATIONS 

To undertake the hydraulic analyses necessary to quantify velocities and depths 
through the study area, modifications were required to the existing hydraulic model. 
Several cross sections were removed or realigned within the confluence area of 
Oshawa and Goodman Creek, in effort to graphically illustrate the depth, velocity and 
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depth-velocity products.  Furthermore, under major flood events the cross sections in 
Goodman Creek were removed as the flow velocities, depth and depth-velocity 
characteristics would be more representative of flood flows through Oshawa Creek 
rather than the Goodman Creek. The following cross sections were removed: 

 539, 542, 507, 405, 381, 270, 253, 237, 140, 41 

The following cross sections within the Oshawa Creek reach were then realigned such 
that they were perpendicular to contours, as per standard HEC-RAS modeling 
procedures: 

 6403, 6394, 6384, 6283, 6150, 5997, 5987, 5977, 5850, 5720, 5620. 

The cross sections immediately upstream and downstream of the CPR crossing were 
also recut to ensure the embankment is not captured.  The current regulatory model 
applied a process used in the historical HEC2 modelling software which is inconsistent 
with the methodologies used with HEC-RAS software. The bridge modelling 
methodology was revised from Energy Only (Standards Step) methodology to a 
combination of Energy (during low flow) and Pressure/Weir Flow (during higher flows) 
as it is standard practice in hydraulic modelling. A figure outlining the updates to the 
hydraulic modelling cross section alignment is provided in the Appendix B. 

A summary of flood elevations at key locations throughout the study area are provided 
below in Table 4.1. 

TABLE 4.1: 2A REGULATORY FLOOD ELEVATION – EXISTING VS UPDATED 

Reach Location HEC-
RAS 

Section 

Existing 
Flood 

Elevation (m) 

Updated 
Flood 

Elevation (m) 

Change in 
Flood 

Elevation (m) 

Oshawa-2 Upstream of CPR 
Embankment 

5620 101.93 102.63 0.70 

Oshawa-1 Gibb Street 5997 101.95 102.64 0.69 

Oshawa-1 John Street 6403 102.03 102.71 0.68 

Oshawa-1 King Street 6832 102.63 102.99 0.36 

Goodman Grenfell Street 828 102.02 102.64 0.62 

Goodman Stevenson Road 1566 102.83 102.87 0.04 

Goodman Gibb Street 1852 103.66 103.64 -0.02 

Goodman Cartier Avenue 2251 104.74 104.75 0.01 

Goodman Montcalm Avenue 2581 106.03 106.03 0.00 

Goodman King Street 2899 106.90 106.90 0.00 
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As demonstrated above, most significant changes in the flood elevation occur 
immediately upstream of the CPR Embankment. This was due to the removal of the 
storage/attenuation component within the hydrologic model, reorienting the upstream 
cross section 5447, revising the bridge modelling methodology, and re-alignment of 
several cross sections throughout the study area.  

The updated analyses concluded a flood elevation at the CPR embankment of 
102.60m, or approximately 48cm of flow depth overtopping the railway, with a flood 
elevation of 102.63m at the confluence of the Goodman and Oshawa Creek. 

4.1.1.3 VELOCITY FLOODWAY RESULTS 

Velocities are determined based on the HEC-RAS “interpolation surface” function. A 
velocity is determined across each individual cross section at a finite number of “bands”. 
Velocities are then interpolated between each cross section. A velocity is then assigned 
for each 0.5m grid within the regulatory floodplain. Provided in Figure 4.1 is the velocity 
mapping of the study area. All these analyses were completed using the Regional storm 
event (2A scenario). 

These results indicate that for most of the floodplain area, flood flow velocities are less 
than the 1.5m/s criteria used to define a floodway.  Throughout the study area, 
velocities are typically very low (less than 1m/s), except for areas around culverts and 
bridges that experience concentrated flows. Velocities are low primarily due to the 
subject area being in a backwater condition. The backwater effects caused by the CPR 
crossing result in very low kinetic flow energy causing flows to approach near stagnant 
conditions.  Where the backwater effects caused by the CPR cease to have an effect 
(near Stevenson Road South) the flood flow velocities increase slightly. 
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4.1.1.4 DEPTH FLOODWAY RESULTS 

The depth of flooding throughout the study reach was determined using the RAS-
Mapper GIS application. Depths were determined by the difference between the flood 
elevation and the ground surface elevation (derived from the DEM). Overall mapping of 
the regulatory flooding depth within the study area is provided in Figure 4.2. On this 
map, the boundary of the area which meets or exceeds the 1m depth criteria for a 
floodway is highlighted. 

The results indicate that for the portion of Goodman Creek upstream of Stevenson 
Road South, flow depths are considered very shallow (less than 0.5m). This occurs, as 
Goodman Creek through this portion of the study area runs through a channelized 
reach through several private rear yards.  While the channel can spill its banks 
frequently, flooding occurs over a very wide area resulting very shallow flow depth.  For 
most of this area this depth of flooding is less than the 1m criteria used to define the 
floodway. 

The flood depths along Goodman Creek downstream of Stevenson Road South to the 
confluence with Oshawa Creek are significantly greater, typically 2m to 3m and as high 
as 8m.  

The flood depths are also very high along the Oshawa Creek reach.  The flood depths 
are typically 5m and as high as 10 m immediately upstream of the CPR crossing. The 
greater depths are attributed to the deeper defined valley lands within Rotary Park, 
south of John Street and north of the CPR crossing.   

This depth of flooding has much of the area exceeding the 1m criteria used to define the 
floodway. It should be noted that the Village Union Public School, located at the 
intersection of Gibb Street and Nassau Street lies entirely within an area with flood 
depths greater than 1m, and considered an area of high risk due to a high concentration 
of school children in the area. 
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4.1.1.5 DEPTH-VELOCITY PRODUCT FLOODWAY RESULTS 

The depth-velocity product was calculated as the product of the depth and velocity at 
each cell of the 0.5m grid. The results are provided below in Figure 4.3. The mapped 
results are generally similar to the depth contour mapping of the area.  The greatest 
risks occur in areas of high depth-velocity located within the defined valley lands along 
Oshawa Creek and centralized along the watercourse. In this area the depth-velocity 
results are typically 2.0m2/s to 4.0m2/s. This exceeds the 0.4m2/s criteria used to define 
the floodway. 

Along Goodman Creek the depth-velocity criteria tend to be more significant than either 
the depth or velocity criteria, resulting in several locations where the depth-velocity 
values of 1.0 m2/s and 2.0 m2/s exceed the 0.4 m2 /s criteria. 
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4.1.1.6 100-YEAR STORM EVENT UPDATE 

The existing 100-year floodline was generated from a 12-hour Chicago Storm 
distribution. Greck updated the hydrologic model with a second scenario to include the 
12-hour SCS Type II storm distribution. The resulting analyses concluded that the SCS 
storm distribution provides a slightly more conservative peak flow through the study 
area. This is due to the fact that the upstream catchment areas are generally rural in 
nature, where an SCS storm distribution is more applicable. 

4.1.1.7 OVERALL FLOODWAY RESUTLS 

MNRF guidelines also recommend that the 100-year return frequency floodplain be 
considered in defining the floodway, as this flood represents a sufficiently extreme event 
to identify the river that carries most of the flow. 

The floodway was therefore defined from the combination of the criteria provided above. 
Examples of how this was determined are illustrated in typical cross section outlining 
the floodway criteria throughout the study area. In all instances, the floodway is 
delineated based on the worst-case scenario of the four criteria: velocity, depth, depth-
velocity and 100-year floodline. A sample of the floodway delineation is provided below 
in Figure 4.4 which represents how the floodway is typically defined through the 
Oshawa Reach (South of Bond Street and North of the CPR Embankment).  
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FIGURE 4.4: TYPICAL SECTION OF DELINEATED FLOODWAY – OSHAWA CREEK UPSTREAM OF 

CPR EMBANKMENT 

Throughout the Oshawa Main Branch, the dominant factor in establishing the 
floodway/flood fringe is the depth within the Oshawa Main Branch and Goodman 
Branch downstream of Stevenson Road. Flooding within the above area is due to the 
high backwater effect caused by the CPR Embankment, and therefore velocities are 
relatively low due to this backwater effect. 

Provided in Figure 4.5 is the typical floodway/flood fringe delineation through Goodman 
Creek, downstream of Stevenson Road.  
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FIGURE 4.5: TYPICAL SECTION OF DELINEATED FLOODWAY – GOODMAN CREEK UPSTREAM 

OF CPR EMBANKMENT 

Similar to Oshawa Main Branch, the dominant factor in establishing the floodway/flood 
fringe is the depth due to the backwater effect from the CPR Embankment.  

Provided in Figure 4.6 is the typical floodway/flood fringe delineation through Goodman 
Creek, upstream of Gibb Street.  
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FIGURE 4.6: TYPICAL SECTION OF DELINEATED FLOODWAY – GOODMAN CREEK UPSTREAM 

OF GIBB STREET 

Upstream of Stevenson Road and Gibb Street, the floodway is dominated by the 100-
year flood elevation, primarily due the lack of a well-defined valley with limited floodplain 
access. Flood hazards within this area are generally shallow with minimal velocities. 

The overall floodway/flood fringe delineation is provided below in Figure 4.7. In 
comparison to the previously delineated floodway, the overall floodplain has decreased, 
as flood elevations upstream of the CPR have decreased from 102.97m to 102.63m in 
comparison to the previous Two-Zone flood study. As such, the overall flood fringe and 
floodway has generally decreased. 
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4.1.2 ACCESS ALLOWANCE – INGRESS/EGRESS 

All roads within the regulatory flood hazard limit were assessed to determine if they 
could be safely used during a flood event.  This is particularly important to ensure that 
during a flood event, people could have adequate ingress or egress to and from the 
flood hazard area. 

The limit for safe vehicular ingress was defined by roads where during the regulatory 
storm event, flood depths were equal or greater than 0.4m. As per MNRF guidelines, a 
flood depth of 0.4m or less allows for passage of private vehicles. Emergency vehicles 
such as firetrucks or ambulances typically can drive through flood depths of 1.0m. 

Road networks where flood depths were equal or greater than 0.4m have been provided 
in Figure 4.8. Any properties adjacent to these roads do not have safe access, 
therefore any new or redevelopment within these parcels will not be permitted. 

The majority of roads within the study area have limited safe ingress-egress, as flood 
depths are greater than 0.4m in almost all instances, especially west of the Oshawa 
Centre Mall and south of John Street. Special attention should be made to areas of 
concern such as the Village Union Public School, located at Gibb Street and Nassau 
Street.  

Limited safe ingress/egress exists in the Goodman Reach, upstream of Stevenson 
Road. However, the flooding situation in this part of the study area is more favorable 
compared to the Oshawa Branch (such as the Oshawa Centre Mall) because alternative 
routes are available with only minor pockets of flood depths greater than 0.4m. 

  



   s
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4.1.3 ENCROACHMENT ANALYSIS  

Given the extent of the flood fringe area and the significant differences, at some 
locations, between the flood fringe and 100-year floodline, the impact of encroachment 
within the flood fringe area was completed. Encroachment refers to the altering of the 
floodplain through the placement of fill, regrading of the land, or placement of structures. 
Encroachment may be permissible within the flood fringe, provided the encroachment 
does not increase flood elevations or downstream flood flow rates. This analysis is to 
examine the maximum achievable development within the flood fringe without altering 
the overall floodway. 

Upon delineating the floodway/flood fringe, the potential for encroachment was 
assessed with the HEC-RAS model. The effects of encroachment were investigated by 
the placement of ineffective flow areas within the Flood Fringe. This simulates the 
placement of fill within the floodplain by losing the effective flow area within the flood 
fringe. A first attempt was made by assuming full encroachment within the flood fringe 
throughout the entire study area. Three (3) separate reaches were assessed based on 
their conveyance characteristic. 

The effects of encroachment through the Oshawa Branch (from the CPR to Bond 
Street) is provided below in Table 4.2. It should be noted that encroachment was only 
applied up to John Street, as there is little to no flood fringe area upstream of John 
Street. 
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TABLE 4.2: OSHAWA CREEK ENCROACHMENT ANALYSIS – FROM CPR CROSSING TO BOND 

STREET 

HEC-
RAS 

Cross 
Section 

2A 
Regulatory 

Flood 
Elevation 

(m) 

Encroachment 
Regulatory 

Flood 
Elevation (m) 

Increase 
in Flood 

Elevation 
(m) 

2A 
Regulatory 

Velocity 
(m/s) 

Encroachment 
Regulatory 

Velocity (m/s) 

Increase 
in 

Velocity 
(m/s) 

5720.403 102.63 102.63 0.00 0.35 0.35 0.00 

5850 102.64 102.64 0.00 0.31 0.31 0.00 

5976.971 102.64 102.64 0.00 0.71 0.71 0.00 

Gibb Street 

5997.008 102.64 102.64 0.00 0.70 0.70 0.00 

6150 102.65 102.65 0.00 0.59 0.54 -0.05 

6282.752 102.66 102.66 0.00 0.47 0.47 0.00 

6384.608 102.67 102.67 0.00 1.48 1.48 0.00 

John Street 

6403.231 102.71 102.71 0.00 1.33 1.33 0.00 

6503.613 102.78 102.78 0.00 1.12 1.13 0.01 

6600 102.83 102.83 0.00 1.14 1.14 0.00 

6705.93 102.91 102.91 0.00 1.21 1.21 0.00 

6809.793 102.96 102.96 0.00 2.54 2.54 0.00 

King Street 

6832.49 102.98 103.00 0.02 2.55 2.54 -0.01 

6884.784 102.89 102.91 0.02 4.58 4.53 -0.05 

6924.769 103.34 103.34 0.00 3.61 3.62 0.01 

Bond Street 

6946.907 103.52 103.51 -0.01 3.16 3.17 0.01 

7034.698 103.81 103.81 0.00 5.13 5.13 0.00 

It is demonstrated that placement of fill within the flood fringe between John Street and 
the CPR crossing has little to no impact on the regulatory flood elevation. Flood 
elevations through this section are defined by backwater effect due to the CPR 
crossing, as such, the valley lands provide little to no conveyance through this reach. 
Flood elevations were noted to increase slightly immediately upstream of King Street; 
however, these increases are minimal. 

Changes in velocities were noted to be minimal and would have no effect on the 
floodway/flood fringe delineation. 
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The effects of encroachment through the Goodman Creek Reach, from Park Road to 
Stevenson Road, is provided below in Table 4.3. 

TABLE 4.3: GOODMAN CREEK ENCROACHMENT ANALYSIS – FROM PARK ROAD TO 

STEVENSON ROAD 

HEC-
RAS 

Cross 
Section 

2A 
Regulatory 

Flood 
Elevation 

(m) 

Encroachment 
Regulatory 

Flood 
Elevation (m) 

Increase 
in Flood 

Elevation 
(m) 

2A 
Regulatory 

Velocity 
(m/s) 

Encroachment 
Regulatory 

Velocity (m/s) 

Increase 
in 

Velocity 
(m/s) 

651.4663 102.64 102.64 0.00 0.20 0.20 0.00 

708.8131 102.64 102.64 0.00 0.19 0.20 0.01 

808.6823 102.64 102.64 0.00 0.17 0.19 0.02 

Grenfell Street 

827.5217 102.65 102.65 0.00 0.19 0.20 0.01 

932.2719 102.65 102.65 0.00 0.08 0.08 0.00 

1050 102.65 102.65 0.00 0.43 0.41 -0.02 

1200 102.66 102.66 0.00 0.64 0.68 0.04 

1420.552 102.71 102.72 0.01 1.16 1.15 -0.01 

1523.7 102.77 102.77 0.00 0.98 0.97 -0.01 

Stevenson Road 

It is demonstrated that placement of fill within the flood fringe within the Goodman Creek 
reach, upstream of Park Road and downstream of Stevenson Road has minimal effect 
on the regulatory flood elevation, as the flood elevation through this reach is governed 
primarily by the backwater effect of the CPR crossing.  

The effects of encroachment through the Goodman Creek Reach, from Gibb Street to 
King Street, west of Stevenson Road, is provided below in Table 4.4. 
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TABLE 4.4: GOODMAN CREEK ENCROACHMENT ANALYSIS – FROM GIBB STREET ROAD TO 

KING STREET CROSSING TO BOND STREET 

HEC-
RAS 

Cross 
Section 

2A 
Regulatory 

Flood 
Elevation 

(m) 

Encroachment 
Regulatory 

Flood 
Elevation (m) 

Increase 
in Flood 

Elevation 
(m) 

2A 
Regulatory 

Velocity 
(m/s) 

Encroachment 
Regulatory 

Velocity (m/s) 

Increase 
in 

Velocity 
(m/s) 

1851.839 103.65 103.65 0.00 0.59 0.59 0.00 

1910.567 103.80 103.80 0.00 1.84 2.06 0.22 

1950 104.04 104.07 0.03 0.89 0.87 -0.02 

2100 104.36 104.38 0.02 1.26 1.29 0.03 

2135.661 104.42 104.44 0.02 1.6 1.55 -0.05 

2237.844 104.72 104.73 0.01 1.04 1.03 -0.01 

Cartier Avenue 

2250.846 104.75 104.74 -0.01 1.01 1.02 0.01 

2351.543 105.24 105.24 0.00 1.47 1.47 0.00 

2417.174 105.63 105.63 0.00 1.86 1.87 0.01 

2545.492 106.05 106.05 0.00 0.82 0.82 0.00 

Montcalm Avenue 

2581.456 106.03 106.03 0.00 1.31 1.31 0.00 

2714.286 106.37 106.4 0.03 0.97 1.29 0.32 

2735.24 106.45 106.53 0.08 1.47 1.46 -0.01 

2836.864 106.69 106.76 0.07 0.69 0.62 -0.07 

King Street 

Encroachment within the Flood Fringe between Gibb Street and Montcalm Avenue 
would result in a negligible increase in flood elevation. However, encroachment within 
the Flood Fringe between Montcalm Avenue and King Street is not recommended, as 
this encroachment would increase flooding significantly. Based on the above 
encroachment analyses, areas where encroachment might occur such that no adverse 
upstream flood impacts is illustrated below in Figure 4.9. In all instances, these areas 
should be dry flood proofed and only be allowed to develop where there is safe 
ingress/egress. Included in Appendix C is an overall 2 Zone Limit, which includes areas 
within the flood fringe that are considered non-developable due to impacts of 
encroachment.  
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4.1.3.1 IMPACTS OF ENCROACHMENT ON CHANNEL ROUTING 

Impacts due to the loss of floodplain storage due to encroachment were investigated. 
Within the hydrologic model of the Oshawa Creek Watershed, channel flow routing is 
prevalent within the study area. Channel routing accounts for storage of flows as they 
are conveyed within them in channel and floodplain. Accounting for the storage of the 
unsteady flows along the channel is referred to as channel flow routing. Channel flow 
routing results in the attenuation (lowering) and a delay (lag) in peak flows.  A reduction 
in flood storage could therefore result in an increase in downstream flood flow. 

A review of the hydrologic model revealed the overall width of the channel routing 
element within the hydrologic model was generally small (between 210 m and 220 m 
wide within the Goodman Reach, and 250 m wide within the Oshawa Main Branch). 
Floodplain widths within the study area were determined to be greater than 400 m wide 
within both reaches. 

Encroachment is not proposed in the floodway, where the floodway does not exceed 
400 m within the lower Goodman Portion (downstream of Stevenson) and 250 m within 
the Oshawa Creek (downstream of King Street). As such, no updates to the hydrologic 
modelling were required to evaluate impacts that encroaching may have towards 
channel routing. Therefore, encroaching within the flood fringe would have no effect on 
the attenuation or lag of regulatory storm flows of Oshawa Creek. 
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4.2 PHASE 2: FUTURE IMPACT ASSESSMENT 

A number of future condition scenarios were evaluated to determine the effects they 
might have on the Two-Zone study area.  

4.2.1 CLIMATE CHANGE 

It is anticipated that due to climate change, the intensity of rainfalls will likely increase. 
Future rainfall events were provided by CLOCA and incorporated into the hydrologic 
and hydraulic modelling to determine how the Two-Zone study area may be affected by 
climate change.  

Stormwater management systems within southern Ontario rely on Intensity-Duration 
Frequency (IDF) curves to determine peak flows when developing hydrologic models to 
characterize peak runoff within a watershed. In southern Ontario, there has been an 
upward trend in the maximum daily precipitation due to climate change (Fadhel et al, 
2017). Therefore, the existing peak flows of the future condition scenario within the 
Oshawa Creek watershed may not be applicable during future land use scenarios.  

As such, the future rainfall IDF curves were provided by CLOCA in effort to demonstrate 
how the 100-year floodline changes over time due to climate change, and how it 
compares to the existing regulatory floodplain (or floodway) within the Two-Zone study 
area. 

Three (3) IDF curve scenarios were incorporated within the hydrologic modelling and in 
turn, the hydraulic modelling to delineate anticipated flood hazards due to climate 
change. IDF curves were determined from the worse-case scenario based on the 
Oshawa WPCP weather station (Climate ID 6155878), or the Toronto City Weather 
Station (Climate ID 618355). In all instances, the SCS 12-hour storm distribution was 
simulated as it provides the most conservative level of assessment (generating the 
highest peak flow). Rainfall volumes provided in Table 4.5 were generated from the IDF 
Climate Change Tool 4.0 via the University of Western Ontario. All results applied the 
Representative Concentration Pathway (RCP) 8.5 to represent the most conservative 
estimate. Climate change IDF information is provided in Appendix F. 

TABLE 4.5: CLIMATE CHANGE IMPLICATIONS – 12 SCS RAINFALL VOLUMES 

Scenario 100-year 12 Hour Rainfall Volume (mm) 

Existing 112.40 

Year 2030-2050 117.00 

Year 2050-2070 123.24 

Year 2070-2100 153.04 
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A summary of the peak flows at key locations within the watershed are summarized 
below in Table 4.6 

TABLE 4.6: 100 YEAR PEAK FLOW COMPARISON - CLIMATE CHANGE (2A LANDUSE 

SCENARIO) 

Reach 

(Street) 

[Flow Node] 

Peak Flows (m3/s) 

100 Year 100 Year 
(2030-2050) 

100 Year 
(2050-2070) 

100 Year 
(2070-2100) 

Regional 

Goodman 

(King Street) 

[2000] 

10.96 11.32 11.77 17.61 69.21 

Goodman 
(Gibb/Stevenson 

Road) 

[45] 

30.95 32.49 34.61 45.12 80.42 

Goodman  

(Nassau Street) 

[46] 

62.38 65.64 70.18 92.52 98.65 

Oshawa  

(King Street) 

[36] 

255.83 268.49 292.76 412.49 673.15 

Oshawa  

(CPR) 

[38] 

265.55 282.99 307.99 433.51 769.54 

100-year floodline based on climate change considerations are provided below in 
Figure 4.10. As a result of climate change, the 100-year storm is not expected to 
increase the Regulatory Floodplain, however, has some minor impacts on the floodway 
through the Goodman Creek upstream of Gibb Street.  
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4.2.2 WHITEBELT DEVELOPMENT IMPACTS 

As part of the 2014 CLOCA floodplain mapping of Oshawa Creek, a future land-use 
scenario which involves development of the Whitebelt area, referred to as the 3A 
scenario, was incorporated within the hydraulic modelling. The 3A scenario involves 
further development (intensification) and therefore, causes an increase in regulatory 
peak flows. All the following hydrologic analyses did not credit any stormwater 
management facilities that currently exist or may be developed in the future. The 
change in land-use from the 2A to the 3A scenario is provided in the Appendix E. 

Table 4.7 is a comparison of flood elevations between the 2A and 3A scenarios at 
various points within the study area. 
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TABLE 4.7: 2A VS 3A REGULATORY FLOOD ELEVATION (M) 

Reach Location 
HEC-RAS 
Section 

2A Flood 
Elevation (m) 

3A Flood 
Elevation (m) 

Change in 
Flood 

Elevation (m) 

Oshawa-1 
Upstream of 

CPR 
Embankment 

5620 102.63 102.69 +0.06 

Oshawa-2 Gibb Street 5997 102.64 102.70 +0.06 

Oshawa-2 John Street 6403 102.71 102.77 +0.06 

Oshawa-2 King Street 6832 102.99 103.07 +0.08 

Goodman Grenfell Street 828 102.64 102.70 +0.06 

Goodman 
Stevenson 

Road 
1566 102.87 102.88 +0.01 

Goodman Gibb Street 1852 103.64 103.66 +0.02 

Goodman 
Cartier 
Avenue 

2251 104.75 104.75 0.00 

Goodman 
Montcalm 
Avenue 

2581 106.03 106.03 0.00 

Goodman King Street 2899 106.90 106.90 0.00 

As outlined in Table 4.7 development of the Whitebelt area has a minimal effect on the 
flood elevations throughout the study area, as flood elevations increase by a maximum 
of 8cm through the study area, with no reduction of buildings/dwellings within the 
regulatory floodplain. The 3A scenario does however results in an increase of accessory 
buildings (garages/sheds) within the floodplain, however was not considered as part of 
this study as these buildings are considered low risk in comparison to dwellings with 
permanent residents. 

Under the existing condition (2A Scenario), a rating curve was developed to determine 
how much flood elevations increase due to intensification of the Whitebelt Area. As 
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previously mentioned, the 3A scenario assumes that 100% of the Whitebelt developable 
area is developed fully. Three (3) additional scenarios were incorporated within the 
hydrologic model in effort to estimate the level of impact that the development of the 
Whitebelt may have through the study area. These three scenarios include: 

 25% of the Whitebelt is developed; 
 50% of the Whitebelt is developed; and 
 75% of the Whitebelt is developed. 

It should be noted that the level of imperviousness is assumed to be distributed 
uniformly across the watershed for all three scenarios. 

Peak flows were inserted into the hydraulic model to determine the increase in flood 
elevations, specifically at section 5620, as it represents the elevation upstream of the 
CPR crossing. A rating curve was then developed to determine a relationship between 
percent developed and flood levels upstream of the CPR Embankment (Figure 4.11a). 
0% represents the 2A scenario, while 100% represents the 3A scenario (full 
development within the Whitebelt). Provided in Figure 4.11b is a rating curve showing 
the overall percent impervious of the Whitebelt only vs flood elevation and peak 
discharge at the CPR Embankment.  

 

FIGURE 4.11A: WHITEBELT RATING CURVE FOR THE CPR BRIDGE 
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FIGURE 4.11 B: WHITEBELT RATING CURVE FOR THE CPR BRIDGE 

From Figure 4.11b, the increase in flood elevation is directly proportional to the 
increase in impervious area within the Whitebelt area. The rate of increase in flood 
elevation is slightly greater for the initial increases in imperviousness.  This may have 
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development within the Whitebelt area.  

Peak flows through the Goodman reach remain unaffected, as there are no Whitebelt 
designated lands through the Goodman Watershed; however, flood elevation increases 
in Oshawa Creek will impact the lower Goodman Creek simply due to the backwater 
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The potential for flood reduction within the study area was investigated. It is noted that 
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Several solutions were considered to reduce the extent of flooding during the 2A 
scenario and to offset the potential increases due to future development of the Whitebelt 
area.  It should be noted that these solutions are conceptual only and do not consider 
several factors such as constructability and compliance with external authorities (i.e. Go 
Transit, CPR etc.).  Discussion of the alternatives examined is provided below. 

4.3.1 IMPROVEMENT TO DOWNSTREAM STRUCTURES 

Prior to examining an option to improve the conveyance at the CPR embankment, 
improvements to bridge structures downstream of the CPR were investigated.  The 
analyses were intended to examine if a reduction in the tailwater elevation would reduce 
flood elevations upstream of the CPR embankment.  If these improvements were to 
substantially lower flood elevations, they potentially could be more cost effective and 
easier for the municipality to implement.  The improvements examined included: 

 Improvements to the CN crossing and Mill Street and/or Bloor Street Bridge 
crossing; and 

 Localized grading improvements to improve flood flow conveyance. 

The maximum potential benefits of downstream improvements were assessed by simply 
removing the Mill Street, Bloor Street and CN crossings from the hydraulic model. The 
removal of such structures would reflect the best-case scenario, where the man-made 
crossing is replaced by valley lands entirely. While these types of work may be 
infeasible, as the road and rail crossings are essential to the economy and daily 
transportation within the City of Oshawa, it does allow one to understand the 
significance and impact on flooding. 

With the removal of the CN, Mill Street and Bloor Street crossings, there was no change 
in the flood elevation upstream of the CPR crossing as summarized in Table 4.8. 
Therefore, it can be established that downstream improvements would not provide flood 
reduction within the study area. 
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TABLE 4.8: 2A REGIONAL FLOOD ELEVATION – DOWNSTREAM IMPROVEMENTS 

Reach Location 
HEC-RAS 
Section 

Regional 
Flood 

Elevation 
(m) 

With 
Downstream 

Improvements 
Regional Flood 
Elevation (m) 

Change in 
Flood 

Elevation 
(m) 

Oshawa-2 
Upstream of 

CPR 
Embankment 

5620 102.63 102.63 0.00 

Oshawa-1 Gibb Street 5997 102.64 102.64 0.00 

Oshawa-1 John Street 6403 102.71 102.71 0.00 

Oshawa-1 King Street 6832 102.99 102.99 0.00 

Goodman Grenfell Street 828 102.64 102.64 0.00 

Goodman 
Stevenson 

Road 
1566 102.87 102.87 0.00 

Goodman Gibb Street 1852 103.64 103.64 0.00 

Goodman Cartier Avenue 2251 104.75 104.75 0.01 

Goodman 
Montcalm 
Avenue 

2581 106.03 106.03 0.00 

Goodman King Street 2899 106.90 106.90 0.00 

4.3.2 INCREASED FLOW CONVEYANCE 

Two alternatives to increase in flow conveyance at the CPR Embankment alternative 
structure types and sizes were considered.  These alternatives were examined to 
reduce the current level of flooding and to reduce the potential impacts associated with 
the development of the Whitebelt area. 

4.3.3 CPR EMBANKMENT IMPROVEMENTS 

The initial strategy was to open the CPR crossing, simply by increasing the width of the 
existing 15m span bridge. Consultation with structural engineers indicated that a more 
cost-effective approach would be to construct a secondary relief opening to the west, 
rather than widening the existing opening. If a second truss style bridge was built 
adjacent to the existing bridge there could be advantages of reduced costs associated 
with removing the existing abutments: reduced closure of the railway, reduced risks for 
impacts to the existing watercourse and utilization of the existing embankment to 
temporarily support the structure during construction.  

For each opening width scenario examined, the relief structures obvert remained the 
same as the existing structure, however the invert of the relief structure was elevated to 
that of the natural floodplain (the approximate elevation of the existing pedestrian path 
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through the area). Minor grading was assumed to ensure a more flat, consistent 
floodplain. This relief structure would only be active during significant storm events and 
the form and function of the watercourse would remain unchanged. 

A total of nine (9) scenarios were investigated by incrementally increasing the opening 
span. The nine scenarios were then used to establish a rating curve, based on increase 
in span versus flood elevation. In addition to the nine scenarios, the CPR crossing was 
removed entirely to determine the best-case scenario. A summary of the CPR crossing 
widening and their respective upstream flood elevation (at HEC-RAS Section 5620) is 
provided below in Table 4.9. Selected HEC-RAS modelling outputs are provided in 
Appendix D. 
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TABLE 4.9: CPR EMBANKMENT IMPROVEMENT FLOOD IMPACTS 

Scenario 
Total Span 

(m) 

Regulatory Flood 
Elevation (m) 

Decrease in Flood 
Elevation 

(m) 

Existing 15 m 102.63 0.00 

2m Spanned Relief 
Structure 

17 m 102.53 0.10 

4m Spanned Relief 
Structure 

19 m 102.41 0.22 

6m Spanned Relief 
Structure 

21 m 102.3 0.33 

8m Spanned Relief 
Structure 

23 m 102.15 0.48 

10m Spanned Relief 
Structure 

25 m 102.13 0.51 

15m Spanned Relief 
Structure 

30 m 101.68 0.91 

20m Spanned Relief 
Structure 

35 m 101.37 1.18 

30m Spanned Relief 
Structure 

45 m 100.37 1.52 

40m Spanned Relief 
Structure 

55 m 100.21 1.65 

Best Case Scenario Full Valley 99.67 2.96 

A rating curve demonstrating the increase in span vs flood elevation is provided below 
in Figure 4.12, with floodplain mapping extents provided in Figure 4.13. 
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FIGURE 4.12: CPR SPAN INCREASE VS FLOOD ELEVATION RATING CURVE 
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finding is that existing development of lands lies within the natural floodplains of 
Oshawa Creek and Goodman Creek.  More specifically,  
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Creek Flood plain. 

 Increasing and/or removing the bridge entirely has no benefits to the Two-Zone 
policy flood hazard area upstream of Stevenson Road South. 

 Increasing and/or removing the bridge entirely has very limited benefits by way of 
flood reduction upstream of John Street West. 

 Places such as the Midtown Mall (north of John Street), Village Union Public 
School remain within the regulatory floodplain even with the complete removal of 
the CPR crossing. 
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4.3.3.1 RELIEF CULVERT 

A scenario of providing small relief culvert(s) was considered. The relief culvert is 
proposed in effort to ensure that the 3A Regulatory Flood Elevation upstream of the 
CPR crossing does not exceed the 2A Regulatory Flood Elevation (102.63m at HEC-
RAS Section 5620). 

A hypothetical relief culvert was anticipated to be placed immediately west of the CPR 
Embankment, where construction access is possible. Two (2) culvert options were 
provided with the parameters provided in Table 4.10.  The results presented in Table 
4.10 are for the 3A development scenario.  

TABLE 4.10: CPR CROSSING – 3A RELIEF CULVERT 

 Option A Option B  

Culvert Type Concrete Box Twin Circular Concrete Pipe 

Span (m) 3.6 2.70 

Rise (m) 3.0 2.70 

Length (m) 10.0 10 

Upstream Invert (m) 96.3 96.3 

Downstream Invert (m) 96.2 96.2 

Flood Elevation (m) 102.63  102.62 

The results show that the relief culverts/culvert could be used to offset the small 
increase in flooding due to increases associated with development of lands in the 
Whitebelt area.  The analyses also concluded that the effectiveness of relief culverts for 
the greater level of flooding is severely limited.  This is primarily due to the small 
conveyance area of a box or pipe. 

4.3.4 CPR EMBANKMENT BENEFIT COST ANALYSIS 

The approach to building the secondary opening and to maximize its potential for 
operation would be to construct the second opening as a truss bridge.  It may be 
possible to utilize the existing west abutment to support the second span thereby 
providing some cost savings. Rough order of magnitude cost estimates were prepared 
for relief structures with spans greater than 10m.  

The flood reduction benefits were evaluated based on two criteria: the flood elevation 
upstream of the CPR Embankment and the number of buildings removed from the 
floodplain. It should be noted that even with the complete removal of the CPR 
Embankment, a total of 386 buildings remain in the floodplain (under the 2A scenario). 
As such, the effectiveness of the floodplain reduction is based on the percentage of total 
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buildings removed from the floodplain due to impacts by the CPR Embankment. The 
number of buildings within the regulatory floodplain for each bridge alternative scenario 
(Figure 4.13) was counted using building inventory information provided by the City of 
Oshawa. Costs associated with flood damages were based on a unit rate of $10,000 
per building as recommended by CLOCA and the City of Oshawa. It should be noted 
that this is a ballpark estimate only and costs may be lower or higher per building 
depending on several factors – as some buildings may be subject to more flooding than 
others, while others may have finished or unfinished basements. 

All sheds/garages were removed from this assessment, therefore only dwellings and 
any commercial buildings were considered in this analysis. 

Additional flood damage costs are likely due to a number of additional factors such as: 

 Road washout 
 Loss of public lands  
 Loss of public infrastructure  

Both the 2A and 3A land use scenarios were assessed. A summary of the benefit-cost 
analysis is provided below in Table 4.11.  

A profile view of the results has been provided in Figure 4.14 and Figure 4.15. The 
profile view illustrates that improvements at the CPR Embankment can result in a 
significant reduction on upstream flood elevations, however, the effectiveness is 
diminished at Stevenson Road through the Goodman Creek reach, and at Bond Street 
through the Oshawa Branch. 
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TABLE 4.11: BENEFIT COST ANALYSIS OF FLOOD REDUCTION ALTERNATIVES 

Scenario 
Opening 
Area (m2) 

Bridge 
Construction 

Cost (millions) 

2A Scenario 3A Scenario 

Regulatory 
Flood 

Elevation 
(m) 

Change in 
Flood 

Elevation 
from 2A 

Total # 
Buildings in 
Floodplain 

# 
Buildings 
Removed 

due to 
Improved 
Structure 

% of 
Buildings 
Removed 

due to 
Improved 
Structure 

Flood 
Damage 

Reduction 
Costs 

(millions) 

Net Cost - 
Bridge less 

Flood 
Damage 

Reduction 
Costs 

(millions) 

Regulatory 
Flood 

Elevation 
(m) 

Change in 
Flood 

Elevation 
from 2 A 

# Buildings 
in 

Floodplain 

# 
Buildings 
Removed 

due to 
Improved 
Structure 

% of Buildings 
Removed due to 
Improvements 

from 2A 

Flood 
Damage 

Reduction 
Costs 

(millions) 

Net Cost - 
Bridge less 

Flood 
Damage 

Reduction 
Costs 

(millions) 

Existing  114.71 $0.00 102.63 0 712 

 

  102.69 0.06 712          

10m 
Increase in 

Span 
168.71 $4.85 102.13 -0.5 638 74 23% $0.74 $4.11 102.21 -0.42 650 62 19% $0.62 $4.23  

15m 
Increase in 

Span 
195.71 $5.34 101.68 -0.95 581 131 40% $1.31 $4.03 101.84 -0.79 598 114 36% $1.14 $4.20  

20m 
Increase in 

Span 
222.71 $5.84 101.37 -1.26 531 181 56% $1.81 $4.03 101.48 -1.15 553 159 50% $1.59 $4.25  

30m 
Increase in 

Span 
276.7 $6.90 100.37 -2.26 414 298 91% $2.98 $3.92 100.54 -2.09 433 279 87% $2.79 $4.11  

40m 
Increase in 

Span 
328.21 $8.03 100.21 -2.42 406 306 94% $3.06 $4.97 100.37 -2.26 413 299 93% $2.99 $5.04  

Best Case 
Scenario 

(CPR 
Removed) 

  N/A 99.67 -2.96 386 326 100% $3.26 NA 99.8 -2.83 391 321 100% $3.21 NA  
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FIGURE 4.14: CPR EMBANKMENT IMPROVEMENTS - OSHAWA CREEK PROFILE 
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FIGURE 4.15: CPR EMBANKMENT IMPROVEMENTS - GOODMAN CREEK PROFILE 
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Several rating curves have been developed to evaluate the effectiveness of CPR 
Embankment improvement strategies in Figure 4.16 and Figure 4.17. 

 

FIGURE 4.16: CPR EMBANKMENT IMPROVEMENTS: BUILDINGS REMOVED & CAPITAL COST VS 

SPAN INCREASE 
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FIGURE 4.17: CPR EMBANKMENT IMPROVEMENTS: SPAN INCREASE VS NUMBER OF 

BUILDINGS IN FLOODPLAIN 
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floodway through this area be reviewed to reassess the validity of using a Two-Zone 
policy though the study area.  

Additional anticipated flood costs would be noticed through the study area for each 
building type removed from the floodplain. The type of buildings removed from the 
floodplain vary though the study area, ranging from commercial and residential buildings 
with garages and sheds. However, this information was not considered in this exercise. 
The benefit-costs associated with a reduced level of flooding associated for each 
building remaining within the floodplain was also not completed as part of this study. 

4.3.5 GOODMAN CREEK GIBB STREET /STEVENSON ROAD IMPROVEMENTS 

Flood improvements at Stevenson Road and Gibb Street along Goodman Creek were 
considered. Like the analysis completed on the downstream impacts, several 
watercourse crossings were removed to determine the maximum potential flood benefits 
due to culvert/bridge improvements:  

 Gibb Street 
 Stevenson Road 
 Cartier Avenue; and 
 Montcalm Avenue 

A secondary analysis was completed by removing the CPR embankment, to determine 
if the CPR crossing has any backwater effect on the Upper Goodman Reach (upstream 
of Gibb Street). 

A summary outlining the flood elevations through this reach are provided below in Table 
4.12. Increases in flood elevation are likely associated with model instability and would 
be considered negligible.  
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TABLE 4.12: POTENTIAL CULVERT/BRIDGE IMPROVEMENT BENEFITS – GIBB STREET, 
STEVENSON ROAD, CARTIER AVENUE AND MONTCALM AVENUE 

HEC-RAS 

Cross Section 

2A Regulatory Flood 
Elevation (m) 

Montcalm, Cartier, Gibb & 
Stevenson Culvert 

Removal Flood Elevation 
(m) 

Change in Flood 
Elevation (m) 

Gibb Street 

1851.839 103.65 103.66 +0.01 

1910.567 103.8 103.79 -0.01 

1950 104.04 104.04 0.00 

2100 104.36 104.36 0.00 

2135.661 104.42 104.42 0.00 

2237.844 104.72 104.72 0.00 

2250.846 104.75 104.78 +0.03 

Cartier Avenue 

2351.543 105.24 105.22 -0.02 

2417.174 105.63 105.63 0.00 

2545.492 106.05 106.05 0.00 

2581.456 106.03 106.09 +0.06 

Montcalm Avenue 

2714.286 106.37 106.38 +0.01 

2735.24 106.45 106.45 0.00 

2836.864 106.69 106.04 -0.65 

The resulting analysis concluded that the culverts within this reach have minimal impact 
to the regulatory flood elevation. Most of the creek through this reach traverses through 
residential rear yards. Most of the homes are located within the natural floodplain, with 
others located in a poorly-defined valley corridor. The removal of all structures will not 
be effective to improve the flooding through Goodman Creek, as these structures are 
almost entirely submerged during the Regional storm event. 

As mentioned in Section 4.1.1.1, most Regional storm flow is conveyed overtop Gibb 
Street / Stevenson Road. To mitigate the flooding upstream of Gibb Street, significant 
channel improvements would be required to improve the conveyance capacity of the 
watercourse in effort to contain flows within valley lands, in addition to upsizing the 
culvert structures at Gibb Street and Stevenson Road. This scenario was not 
investigated, as it would require significant transfer or expropriation of lands adjacent to 
Goodman Creek to the City. The improvement of all structures is not an effective 
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strategy due to the level of submergence of the bridges during the Regional Storm 
event.  

4.3.6 OSHAWA CREEK – GIBB STREET / JOHN STREET IMPROVEMENTS 

Flood improvements at Gibb Street and John Street along Oshawa Creek were not 
considered for during this study, as these two structures are entirely submerged during 
the 2A Regulatory Storm event. Provided below in Figure 4.18 is the current 2A 
Regulatory flood profile, and the flood profile should the CPR Embankment become 
entirely removed (representing the maximum potential flood benefits from CPR 
Embankment Improvements).  

As such, any upgrades to these structures would have little to no impact on upstream 
flood elevations.  

 

FIGURE 4.18: REGULATORY FLOOD PROFILE THROUGH GIBB STREET AND JOHN STREET 

Even with substantial CPR Embankment improvements, further improvements to the 
Gibb Street Crossing would provide no upstream flood benefits, as the structure 
remains entirely submerged during the 2A Regional storm event, due to downstream 
backwater effects.  

Improvements to the John Street crossing would have little to no benefits, as flood 
waters generally follow normal depth conditions through this portion of Oshawa Creek. 
To determine any potential flood improvements at John Street, it is recommended to 
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explore John Street bridge improvements only once CPR Embankment improvements 
are made.  

4.3.7 REGIONAL STORMWATER MANAGEMENT CONTROLS 

A conceptual stormwater management scenario was investigated to evaluate the cost 
implications of providing upstream stormwater management controls through the 
Whitebelt Area. In the City of Oshawa, stormwater management facilities typically 
ensure post development discharge from each individual development is reduced to 
pre-development conditions for the 2-year through 100-year storm events. It may be 
possible to control the impacts of increased flood hazard caused by the Regional storm 
if stormwater management (SWM) facilities were designed to control this event. 

When defining the regulatory flood plain limits SWM facilities are typically not credited 
for their effects during the Regional storm event, as per MNRF provincial standards 
(MNRF, 2002).  The rationale for this is these facilities are not typically designed to 
withstand a Regional Storm event.  If adequately designed following requirements of the 
Lakes and Rivers Improvement Act (LRIA), it may be possible to credit such facilities.  

A hydrologic analysis was completed to evaluate the amount of storage required to 
provide post to pre-development quantity controls within the Whitebelt Area, both for the 
2-year to 100-year storm events and the Regional storm event. This allowed for the 
estimation of the additional volume that would be required to go from a typical 100-year 
SWM facility, to a Regional SWM facility. This analysis was completed only for 
catchments within the Whitebelt Area, and assumed that a single, theoretical SWM 
facility applies to an entire catchment – as such, each facility is treated as an online 
facility. It is acknowledged that this has limitations, as stormwater management would 
occur throughout each catchment on a site by site basis, rather than as a single SWM 
facility. 

Cost estimates associated with the facility were based on two criteria: additional volume 
and approximate additional land required for the facility. Costs associated with 
additional volume were based on an estimate of $100 per cubic meter of storage 
volume to account for the typical costs of earth moving, landscaping, berm 
reinforcement etc.  The pond footprint area was estimated based on typical length to 
width ratios of SWM facilities and maximum allowable storage depths. The land area 
costs were based on an estimated land value of $200,000 per hectare of undeveloped 
land.  A summary of the anticipated capital costs of Regional SWM facilities within the 
Whitebelt Area of Oshawa Creek is provided in Table 4.13.
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TABLE 4.13: REGIONAL STORMWATER MANAGEMENT FACILITY – ROUGH ORDER OF MAGNITUDE CAPITAL COST ESTIMATES 

Subcatchment NYD 
Drainage 
Area (ha) 

Whitebelt 
Area (ha) 

% Impervious Regional Peak Flow Required Storage Volume (m3) Required Area (m2) 

Note 
Existing 3A Existing 

3A 
Uncontrolled 

3A 
Controlled

100-
year 

Regional Delta 
Additional 

Storage Cost* 
100-year Regional Delta 

Additional 
Footprint Cost* 

E1 101 269 177 3% 40% 24.1 35.4 24.1 9161 17576 8415 $ 841  8038 8788 750 $ 15    

E11 111 299 58 2% 8% 24.3 24.7 24.3 1889 3600 1711 $ 171  1500 1800 299 $ 6    

E12 112 280 96 2% 18% 23.7 25.4 23.7 3243 6760 3517 $ 352  2902 3380 478 $ 10    

E4 104 245 160 2% 48% 23.7 33.5 23.7 10610 17784 7173 $ 717  8259 8892 632 $ 13    

E5 105 328 77 3% 15% 25.8 24.8       -       - 3A reduces regional peak flows 

E6 106 84 2 1% 2% 8.4 8.5 8.4 345 570 225 $ 23  214 285 71 $ 1    

K11 411 293 104 2% 51% 26.2 38.6 26.2 11113 20186 9073 $ 907  9335 10093 758  $ 15    

K12 412 102 64 2% 70% 11.4 14.4 11.4 4311 5437 1126 $ 113  1681 2719 1037 $ 21    

K6 406 179 133 2% 63% 15.7 25.4 15.7 8805 14988 6183 $ 618  8805 14988 6183 $ 124    

K8 408 55 38 1% 72% 5.7 7.8 5.7 2729 3797 1068 $ 107  1724 1898 175 $ 3    

R1 701 113 47 3% 16% 10.9 10.6       -       - 3A reduces regional peak flows 

R13 713 104 65 2% 25% 9.7 14.4 9.6 3266 6907 3641 $ 364  2963 3454 491 $ 10   

R2 702 36 20 2% 17% 4.2 3.9       -       - 3A reduces regional peak flows 

R5 705 299 158 2% 28% 25.8 39.3 25.8 9723 19610 9887 $ 989  8965 9805 840 $ 17   

R6 706 331 13 2% 3% 24.0 24.0 24.0 550 900 350 $ 35  352 450 98  $ 2   

R7 707 348 1 6% 6% 27.3 27.3 27.2 1465 1500 35 $ 4        - Negligible increase in area 

W4 804 406 181 8% 60% 29.7 55.7 29.5 20432 39840 19408 $ 1,941  5795 19920 14125 $ 282   

Total   3772 1395 3% 30%           71812 $7,181      25937 $ 519    

Grand Total $7,700    

  

Cost per ha of developable Whitebelt Land   

  

Storage $ 5,149 Cost per m3 of additional storage $ 100  

  Additional Footprint $ 372 Estimated cost per Hectare of land $ 200,000  

Total $ 5,520 Cost per m2 of land $ 20  

*thousands of dollars 
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While the above analyses are conceptual in nature, it is demonstrated that the level of 
required stormwater management varies significantly from catchment to catchment, as 
some areas within the Whitebelt undergo more intensification than others.  

The resulting analyses and cost estimates conclude that the difference in capital costs 
between a 100-year SWMF to a Regional SWMF within the Whitebelt area would be 
approximately $7.7 million dollars. Assuming this provides sufficient peak flow reduction 
through the study area, and that 2A conditions are met, this results in only an 8cm 
decrease in flood elevation upstream of the CPR Embankment. This equates to that of 
no buildings being removed from the Regulatory Floodplain, as there are a total of 712 
total buildings within the 3A and 2A regulatory floodplain.  

Therefore, it would be much more economical to pursue CPR Embankment 
improvements, rather than providing Regional Stormwater management controls. 
Provided in Figure 4.19 is an updated graphic from Figure 4.16. It can be 
demonstrated a lesser amount of money (~$7,000,000) can provide considerably much 
better flood improvements through the study area by constructing a 30m relief opening 
through the CPR Embankment. This would reduce the number of buildings within the 3A 
regulatory floodplain by approximately 300 buildings, while Regional stormwater 
management would eliminate no buildings from the floodplain. This provides further 
benefits by eliminating much of Gibb Street from the regulatory floodplain, providing 
further benefits to ingress/egress through the study area. This cannot be achieved 
through Regional stormwater management.  
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FIGURE 4.19: CPR EMBANKMENT IMPROVEMENTS VS REGIONAL SWMF 
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4.3.8 COMPARISON OF ALTERNATIVES 

A summary of all flood reduction strategies is provided below in Table 4.14. The 
summary includes capital and flood reduction savings costs only for the Regulatory 
storm event. All fees associated with flood damage savings are in comparison to the 
existing conditions only. Fees provided below are based on the 3A scenario only. 

TABLE 4.14: EVALUATION OF ALTERNATIVES 

Scenario 
Capital Costs 

(millions) 

Flood Damage 
Savings 

(millions) 

Net Cost - 
Capital Costs 
Less Flood 

Damage 
Savings 

(millions) 

Benefit Cost 
Ratio 

Existing  $0.00 $0.00 $0.00 NA 

10m Increase in Span $4.85 $0.62 $4.23 0.13 

15m Increase in Span $5.34 $1.14 $4.20 0.21 

20m Increase in Span $5.84 $1.59 $4.25 0.27 

30m Increase in Span $6.90 $2.79 $4.11 0.40 

40m Increase in Span $8.03 $2.99 $5.04 0.37 

Relief Culvert A: 3.6mx3.0m 
Box Culvert* 

$1.08 $0.00  $1.08 NA*  

Relief Culvert B: Twin 
2700mm Circular Concrete 

Pipes* 
$1.10 $0.00 $1.10 NA*  

Stormwater Management 
Controls* 

$7.70 $0.00 $7.70 NA*  

*Function of these alternatives is to bring 3A flood conditions to 2A flood conditions and provides little 
benefit to the overall flood mitigation within the study area, as number of total dwellings remain the same 

comparing the 2A and 3A scenarios. 

Costs associated with relief culverts include capital costs, construction set up 
associated with tunneling / boring through a railway embankment. It should be noted 
that all above capital costs are a rough estimate only, and may have limitations due to 
their impact on structural integrity of the embankment, or may impose risks due to 
vibrations associated with tunneling / boring.  

All the above items provide some level of flood benefits, however, the relief culverts and 
stormwater management controls main purpose is to reduce 3A flood conditions to 2A 
conditions and as such, have limited to no flood reduction benefits. As implied in 
Section 4.3.4, the optimum flood mitigation strategy would be to provide a second 30m 
span at the CPR Embankment, as it provides a higher level of benefit-to-cost ratio and 
substantially reduces the number of buildings within overall floodplain.  

  



TWO‐ZONE FLOODPLAIN MAPPING AND FLOOD MITIGATION STUDY 
OSHAWA AND GOODMAN CREEKS    APRIL 22, 2021 

 

 

GRECK AND ASSOCIATES LIMITED    PAGE  61 

5.0 CONCLUSIONS 

Greck and Associates Limited conducted hydrologic and hydraulic analyses to delineate 
an updated floodway and flood fringe through the Goodman Creek and Oshawa Creek, 
located south of King Street and north of the CPR Embankment within the study area.  

The analyses concluded the following: 

1. The floodway and flood fringe was defined by the greater of velocity, depth, depth-
velocity product and the 100-year floodline criteria.  In most cases the floodway and 
flood fringe is defined by the flood depth within the Oshawa Creek Branch, and by 
the 100-year floodplain through Goodman Creek. 

2. The flood fringe was noticeably small through the Oshawa Creek, and more 
significant through the Goodman Reach, upstream of Stevenson Road. as Regional 
floodwaters through the Goodman Reach are typically shallow and with low 
velocities. 

3. Most roads through the study area do not provide safe ingress/egress. Roads 
without safe ingress/egress were identified based on flood depths greater than 0.4m.  
This was particularly important for Gibb Street which is an arterial roadway through 
the study area. 

4. Without considerations for Climate Change impacts, encroachment within the flood 
fringe area is generally feasible through the study area as it would have little to no 
impact on flood elevation except for the area of Goodman Creek between Montcalm 
Avenue and King Street. There would also be no impacts downstream brought about 
by an increase in peak flow due to lost flood storage.  

4.1. Encroachment is not feasible once climate change considerations are 
incorporated, as the floodway increases significantly due to the overall 
increase in the 100-year floodplain 

5. The effects of climate change on the 100-year floodline was simulated via hydrologic 
and hydraulic analyses and concludes that in the future, the 100-year floodline will 
not exceed the Regional floodplain, however, will have impact on the floodway within 
the Goodman Reach due to an increase in 100-year floodplain through the area.  

6. The impacts of future development within the Whitebelt area could result in up to an 
8 cm increase in flood elevations through the study area. While considered to be a 
relatively small increase, there is less tolerance for this increase by CLOCA as the 
area is already a significant flood risk area and efforts are required to prioritize 
reductions in flood hazards. 
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A variety of flood mitigation strategies were investigated, and following conclusions 
have been prepared: 

7. Improving the conveyance of flood flows at structures downstream (south) of the 
CPR Embankment have no benefits on reducing flood elevations through the study 
area. 

8. Increasing the opening has its greatest benefits on the floodplain associated with the 
Goodman Creek from Stevenson Road South to the confluence with the Oshawa 
Creek floodplain 

9. Increasing and/or removing the bridge entirely has no benefits to the Two-Zone 
policy flood hazard area upstream of Stevenson Road South 

10. Increasing and/or removing the bridge entirely has very limited benefits by way of 
flood reduction upstream of John Street West 

11. Places such as Midtown Mall (north of John Street), Village Union Public School 
remain within the regulatory floodplain even with complete removal of the CPR 
Crossing. 

12. A variety of CPR Embankment flood relief structures were investigated and 
concluded that a second 30m span bridge be added to the west of the existing 
opening would provide the optimum level of flood benefits through the area.  

13. Other structural improvements, such as a smaller flood relief culvert were noted to 
have little to no benefits within the study area, as existing flood elevations are 
typically governed by the backwater effect of the CPR Embankment.  At most, these 
structures could only offset the 8 cm increase in flooding caused by development of 
the Whitebelt area. Structure improvements through the Goodman Reach (upstream 
of Gibb Street) have little value due to the hydraulics of the valley lands 

14. Structural Improvements along the Goodman Creek, upstream of Stevenson Road 
were shown to have little to no impact on flood elevations through the area due to 
their level of submergence and limited capacity during the Regional storm event 

15. Regional stormwater management facilities were investigated in effort to mitigate 
flood elevation increases due to Whitebelt Development. The analyses concluded 
that the benefit-costs associated with these facilities would be substantially less than 
the benefit-costs associated with the construction of a large flood relief structure at 
the CPR Embankment. 
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16. If an opportunity to improve the CPR opening occurs, prior to development of the 
Whitebelt area, it would be desirable from a benefit-cost perspective for the City of 
Oshawa to consider enlarging the opening to accommodate 3A development 
scenario (Whitebelt areas). Should this occur, Regional Stormwater Management 
Control requirement would not be required for any future developments in the 
Whitebelt area. 

17. In the event if there is no opportunity for improving the CPR opening, but the 
Whitebelt area is to be considered for development, the Regional Stormwater 
Management Control should be imposed on the lands to the satisfaction of both 
CLOCA and the City to ensure that there is no significant adverse impact to the 
existing Goodman/Oshawa Creeks Flood Damage Center located immediate 
upstream of the CPR structure. 

18. A net benefit-cost value has been estimated for each of the flood mitigation 
strategies outlined in this report. This benefit-cost exercise considers capital costs 
for construction and flood damages to basements only and has concluded that the 
optimum solution is an additional 30m spanned structure through the CPR 
Embankment 

  



TWO‐ZONE FLOODPLAIN MAPPING AND FLOOD MITIGATION STUDY 
OSHAWA AND GOODMAN CREEKS    APRIL 22, 2021 

 

 

GRECK AND ASSOCIATES LIMITED    PAGE  64 

6.0 RECOMMENDATIONS 

As a result of the above study, Greck and Associates Limited provides the following 
recommendations: 

1. CLOCA and the City of Oshawa adopt the floodway and fringe areas defined by this 
study into an update of the current Two-Zone Policy for this area. 

2. When the opportunity arises, the flow conveyance be increased at the CPR 
Embankment by adding a second 30 m span bridge adjacent to the existing bridge 
to reduce the number of homes in the floodplain due to the CPR Embankment by 
~90 % and improve the overall ingress/egress viability for properties located within 
the Two Zone Policy area.  

3. The City should consider financial contributions from the development community to 
support CPR Embankment Improvements, as the benefit-costs for implementing 
Regional stormwater management control are not as cost effective in the Two-Zone 
Policy area for reducing the impacts caused by development of the Whitebelt Area. 
Potential increases in flooding within the Two-Zone study area associated with 
development of the 3A Scenario can be offset with flow conveyance improvements 
at the CPR Embankment.  

3.1. If there is an opportunity to improve the CPR Embankment, Regional 
Stormwater Management Control would not be required within the Whitebelt 
Area. 

3.2. If no CPR Embankment opportunities arise, Regional Stormwater Management 
should be imposed within the Whitebelt to ensure no adverse flood impacts 
occur to downstream Flood Damage Centers. 

4. Any application to fill (encroach) within the flood fringe area must be accompanied 
by a hydraulic analysis to ensure no flood impacts occur to adjacent properties. 

5. The Canadian Pacific Railway (CPR) and associated authorities (Metrolinx et al) 
should be advised of the importance of improving flood conveyance at this location. 
Opportunities to improve the crossing should be investigated in cooperation with the 
City of Oshawa, with all expansion, replacement, and improvement projects through 
this railway segment. 

6. The City should investigate additional flood reduction strategies once the CPR 
Embankment improvements have been implemented. Such floodplain reduction 
strategies include, but not limited to improvements to bridges crossing Oshawa 
Creek on Gibb Street and John Street Bridge. 
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7. With respect to the Two-Zone area only, there should be no tolerance for increases 
in flood hazards caused by upstream development (Whitebelt Lands). This 
recommendation has no bearings on impacts due to peak flows outside of the Two-
Zone Area.
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Public Consultation 























 

 

 

 

 

 

APPENDIX B 

Hydraulic Modelling Modifications 





 

 

 

 

 

 

APPENDIX C 

Floodway/Flood Fringe Delineation 







 

 

 

 

 

 

APPENDIX D 

Selected HEC RAS Hydraulic Modelling Summaries 

























 

 

 

 

 

 

APPENDIX E 

2A & 3A Landuse 



 

 
FIGURE 4 - FUTURE LAND USE 2A: FULL OP BUILDOUT 



 

 
FIGURE 5 - FUTURE LAND USE 3A: FULL OP BUILDOUT + WHITEBELT BUILDOUT



 

 

 

 

 

 

APPENDIX F 

Climate Change IDF Information 








