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1 Introduction 

C.C. Tatham & Associates Ltd. (CCTA) has been retained by the Town of the Blue Mountains (Town) 
to undertake a Stormwater Management (SWM) Needs Study for the Thornbury Road Infrastructure 
Project (TRIP).  As part of Task 2 of the SWM Needs Study, we have prepared the following SWM 
Infrastructure Conditions Assessment Report focusing on identifying the minor and major storm 
drainage system deficiencies in the TRIP study area.  Specifically, this report has been prepared to 
describe the existing minor and major drainage systems, present the study methodology and the 
hydrologic and hydraulic model results, and highlight the deficiencies within each drainage system. 

1.1 Site Description 

The TRIP Study Area is located within the community of Thornbury, Ontario in the Town of The Blue 
Mountains.  The study area encompasses the downtown core and the primary land uses are 
residential and commercial.  The study area is generally bound by Alfred Street to the south, Georgian 
Bay to the north, Victoria Street to the west and the Beaver River to the east.  The location of the study 
area is illustrated on Figure 1: Site Location Plan provided overleaf. 

1.2 Objectives 

The primary objectives of this SWM Infrastructure Conditions Assessment Report are as follows: 

 Identification of the minor and major storm drainage systems; 

 Development of a minor drainage system SWM infrastructure GIS shapefile/dataset; 

 Delineation of the minor and major drainage catchments; 

 Development of a hydrologic analysis to establish runoff hydrographs for each drainage system; 

 Develop minor and major system hydraulic analysis to determine the existing capacity of each 
drainage system; 

 Identification of minor and major drainage system deficiencies. 

As discussed, the specific objectives of this report are to summarize the work completed to date, 
describe the existing minor and major drainage systems in the TRIP study area, present the hydrologic 
and hydraulic model results, and highlight the deficiencies within each drainage system. 
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1.3 Background and Guidelines 

The Town provided background information related to stormwater infrastructure in the TRIP study 
area.  This information included a map of the minor drainage system SWM infrastructure, 
record/design drawings of the existing SWM infrastructure, and inspection reports/videos for 
undocumented infrastructure within the study area.  This information was reviewed and analyzed to 
identify the minor and major drainage systems in the TRIP study area. 

In addition to the background data provided by the Town, this SWM Infrastructure Conditions 
Assessment Report was prepared recognizing the pertinent municipal and provincial SWM guidelines 
and relevant background SWM reports within the TRIP study area as follows: 

 Design Guidelines for Sewage Works.  Ministry of the Environment (2008); 

 Engineering Standards.  Town of The Blue Mountains (April 2009);  

 Official Plan. Town of The Blue Mountains (March 2007);  

 Stormwater Management Practices Planning and Design Manual.  Ministry of the Environment 
(2003); and 

 Town of The Blue Mountains Thornbury West Road Improvements Project – External Drainage 
Analysis.  R.J. Burnside & Associates Limited (2015). 

Through review of the described background documents existing infrastructure and drainage systems 
were identified, hydrologic parameters were defined, and the criteria for identifying deficiencies was 
established. 

1.4 Field Investigations and Topographic Survey 

The background information available was reviewed in detail and the storm infrastructure data (pipe 
inverts, length, diameter, material, etc.) absent from the record/design drawings but required for the 
hydraulic analysis of the minor and major drainage systems were identified.  These data gaps were 
then filled through additional field investigations and topographic survey.   

The field investigations were completed to verify drainage direction, catchment boundaries, pipe sizes 
and materials, and review undocumented SWM infrastructure.  Topographic survey was completed 
using first and second order benchmarks within the Town to collect pipe invert elevations, rim 
elevations, and overland flow cross-sections of the major drainage systems. 

The data available from the record/design drawings supplemented with the data collected from our 
field visits and topographic survey formed the basis of the GIS shapefile/dataset and minor/major 
drainage system hydraulic models. 
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2 Existing Drainage Systems 

From the background data provided and our field investigations and topographic survey, the existing 
minor and major drainage systems within the TRIP study area were identified.  The minor drainage 
systems are defined as networks of storm sewer collecting and conveying surface runoff from private 
and municipal lands to Georgian Bay, the Beaver River, the Little Beaver River, or tributaries of the 
rivers during frequent (minor) storm events.  The major drainage systems are defined as municipal 
roadways, overland flow routes, drainage channels and the river tributaries conveying surface runoff to 
the outlets described above during less frequent (major) storm events.  The minor and major drainage 
systems identified in the TRIP study area are described in detail in the following sections. 

2.1 Minor Drainage Systems 

Nine minor drainage systems have been identified within the TRIP study area.  The nine minor 
drainage systems are illustrated on the Minor/Major Drainage Systems Plan (Figure 2.0) provide 
overleaf and are described as follows: 

1. The Alfred Street minor drainage system conveys surface runoff from approximately 7.3 ha of 
residential land, including lands within and external to the TRIP study area, through a network of 
storm sewer to the Beaver River; 

2. The Alice Street/Moore Crescent minor drainage system conveys surface runoff from 
approximately 6.3 ha of residential land entirely within the TRIP study area through a network of 
storm sewer to the Beaver River.  The Alice Street/Moore Crescent minor drainage system 
includes a rear yard drainage system consisting of undocumented storm infrastructure (culverts 
and catch basins) described further in subsequent sections; 

3. The Bruce/Louisa Street minor drainage system conveys surface runoff from approximately 13.1 
ha of residential land, including lands within and external to the TRIP study area, through a 
network of storm sewer to the Beaver River; 

4. The Elma/Arthur Street minor drainage system conveys surface runoff from approximately 15.8 ha 
of residential and commercial lands within the TRIP study area through a network of storm sewer 
to the Beaver River; 

5. The Bruce/King Street minor drainage system conveys surface runoff from approximately 2.4 ha of 
residential and commercial land within the TRIP study area through a network of storm sewer to 
the Beaver River; 

6. The Elma/Harbour Street minor drainage system conveys surface runoff from approximately 6.7 ha 
of residential and commercial land within the TRIP study area through a network of storm sewer to 
Georgian Bay; 
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7. The Victoria Street minor drainage system conveys surface runoff from approximately 22.1 ha of 
residential and commercial land within the TRIP study area through a network of storm sewer to a 
tributary watercourse of the Little Beaver River. 

8. The Lakeshore Drive minor drainage system conveys surface runoff from approximately 2.4 ha of 
residential land south of Lakeshore Drive and Bay Street within the TRIP study area through a 
storm sewer to Georgian Bay; and 

9. The Bay Street minor drainage system conveys surface runoff from approximately 0.4 ha of 
residential lands within the TRIP study area through a storm sewer to the Little Beaver River.  

A summary of the minor drainage systems is provided in Table 1: Minor Drainage System Summary 
provided next.   

Table 1: Minor Drainage System Summary 

Drainage System   Outlet Outlet ID Contributing 
Area (ha) 

Alfred Street Beaver River BR 095  7.3 

Alice Street/Moore Crescent Beaver River BR 086  6.3 

Bruce/Louisa Street Beaver River BR 041  13.1 

Elma/Arthur Street Beaver River BR 057  15.8 

Bruce/King Street Beaver River BR 074  2.4 

Elma/Harbour Street Georgian Bay GB 067  6.7 

Victoria Street 
Tributary Watercourse (Little 

Beaver River) HW1  22.1 

Lakeshore Drive Georgian Bay GB 097  2.4 

Bay Street Little Beaver River LBR 096  0.4 

  Total Area  76.5 

 

As part of the minor drainage system identification, a GIS shapefile/dataset of the TRIP study area 
stormwater conveyance infrastructure was generated from the record/design drawings, field 
investigation data and topographic survey.  A copy of the GIS shapefile is included in Appendix A for 
reference. 

During our field investigations, a number of the minor drainage system storm sewers were identified as 
partially obstructed.  The partial obstructions will reduce the capacity of the pipe and the overall 
drainage systems.  The impact of the obstructions will be discussed in subsequent sections of this 
report. 
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2.2 Major Drainage Systems 

The major drainage systems in the TRIP study area generally include overland flow routes including 
the municipal roadways and drainage channels.  The major drainage systems convey the surface 
runoff the minor drainage system cannot convey due to capacity limitations.  In the TRIP study area, 
two significant major drainage systems have been identified for further study.  The location of the two 
major drainage systems are illustrated on the Minor/Major Drainage Systems Plan (Figure 2.0) and are 
described next: 

1. The Victoria Street minor drainage system discharges into a tributary watercourse of the Little 
Beaver River.  The Little Beaver River tributary watercourse conveys minor and major peak flows 
downstream across the Georgian Trail, King Street and Lansdowne Street to the Little Beaver 
River.  This major drainage system consists of sections of open ditch and culverts.  

2. Within the Rankin’s Landing development, a series of open channels and CSP culverts conveys 
minor and major peak flows through the development.  The Rankin’s Landing major drainage 
system is part of the Victoria Street minor drainage system and conveys minor and major flows 
from both the Rankin’s Landing development as well as upstream private and municipal drainage. 

A summary of the major drainage systems is provided in Table 2: Major Drainage System Summary 
provided next.   

Table 2: Major Drainage System Summary 

Drainage System   Outlet Outlet ID Contributing 
Area (ha) 

Little Beaver River Tributary 
Watercourse 

Little Beaver River 
1200 mm dia. 
conc. culvert 

63.0 

Rankin’s Landing Little Beaver River CB 113 36.5 

  Total Area 99.5 

 

2.3 Undocumented Drainage Systems 

The map of the storm infrastructure provided by the Town excluded undocumented SWM infrastructure 
in the TRIP study area.  However, as part of the background data gathering exercise completed by the 
Town for this SWM Needs Study, the Town inspected the undocumented SWM infrastructure.  The 
inspection reports/videos collected were provided to help establish the function of the undocumented 
SWM infrastructure and as part of our field work, we inspected the accessible pipe and structures. 

Of note, there are three networks of undocumented stormwater conveyance infrastructure within the 
TRIP study area.  The three networks are illustrated on the Minor/Major Drainage Systems Plan 
(Figure 2.0) and are described as follows: 
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1.  South of the Georgian Trail approximately 20 m west of Bruce Street, a 900 mm diameter 
concrete storm sewer collects surface runoff from approximately 0.6 ha and drains northeast.  
Roughly 10 m from the inlet of the 900 mm storm sewer, the storm sewer changes size and 
material to a 375 mm diameter CSP pipe.  This pipe continues to drain northeast approximately 
100 m crossing Huron and Harbour Streets discharging to the Beaver River. 

2. At the rear of the properties north of Alfred Street is a system of culverts, open channels, catch 
basins and storm sewer that collect and convey both municipal and private drainage east to the 
Alice Street/Moore Crescent minor drainage system.  The drainage system originates at Lemon 
Street, drains east to the rear of 98 Moore Crescent and a series of catch basins and storm sewer 
that conveys surface runoff northeast to the Alice Street/Moore Crescent minor drainage system 
and the Beaver River. 

3. Surface runoff generated north of King Street west of Huron Street drains overland through a 
series of drainage ditches, culverts and channels to Lakeshore Drive.  At Lakeshore Drive a 600 
mm diameter CSP culvert conveys the surface runoff north to Georgian Bay. 

It is noted that the undocumented stormwater conveyance infrastructure south of the Georgian Trail 
and north of Alfred Street are known to be deficient and have been excluded from the hydraulic 
analysis as insufficient data is currently available to accurately model the drainage systems.  However, 
opportunities to improve these systems will be explored as part of the next step of the SWM Needs 
Study. 
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3 Hydrologic Analysis 

Following the identification of the minor and major drainage systems in the TRIP study area, a 
hydrologic analysis was completed to develop runoff hydrographs for each drainage system.   

As the first step of the hydrologic analysis, the minor and major drainage catchments for each drainage 
system in the TRIP study area were delineated.  Minor drainage catchments were delineated to each 
storm maintenance hole in the minor drainage systems to allow the capacity of each section of storm 
sewer to be evaluated.  Similarly, major storm drainage catchments to each major drainage system in 
the TRIP study area were also delineated.  The minor and major drainage catchment delineation is 
illustrated on the Minor/Major Drainage Catchment Plan (Drawing MDC-1) enclosed for reference. 

Following the delineation of the minor and major drainage catchments, the hydrologic parameters for 
each catchment were established from the available soils mapping, aerial photographs, land uses, etc.  
Specifically, the following hydrologic parameters were determined for each catchment: 

 Drainage area; 

 Overland flow lengths; 

 Impervious/pervious slope; 

 Percent impervious/percent directly connected impervious; and 

 Green-ampt infiltration parameters (suction head, conductivity, initial deficit). 

Minor and major drainage system hydrologic models were generated from the catchment delineation 
and hydrologic parameters in PCSWMM and Visual OTTHYMO, respectively.  To evaluate the function 
of the existing minor and major drainage systems under existing and future land uses and climate 
models, four different hydrologic analyses were completed.  The four analyses were completed to 
identify the drainage deficiencies in each drainage system under existing and future conditions.  The 
four analyses are described as follows: 

1. Scenario 1 – Existing Conditions Existing Design Storms – hydrologic parameters represent 
existing land use conditions throughout the TRIP study area and the rain data used to generate 
the runoff hydrographs is the current Owen Sound Chicago design storms. 

2. Scenario 2 – Existing Conditions Climate Adjusted Design Storms – hydrologic parameters 
represent the existing land use throughout the TRIP study area and the current Owen Sound 
Chicago designs storms have been adjusted (increased) by 15% to account for potential climate 
change. 
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3. Scenario 3 – Future Conditions Existing Design Storms – hydrologic parameters represent future 
land use conditions based on Official Plan land use designations and the rain data used to 
generate the runoff hydrographs is the current Owen Sound Chicago design storms. 

4. Scenario 4 – Future Conditions Climate Adjusted Design Storms - hydrologic parameters 
represent future land use conditions based on Official Plan land use designations and the current 
Owen Sound Chicago designs storms have been adjusted (increased) by 15% to account for 
potential climate change. 

As noted, the climate adjusted design storms were adjusted (increased) by 15% to account for 
potential climate change.  Specifically, the 15% increase was applied to the rainfall intensity of the 
current Owen Sound Chicago design storms. 

For future land use conditions, the percent impervious area of the catchments was adjusted to account 
for any potential future land use changes in the TRIP study area.  To identify potential land use 
changes, the Town’s Official Plan was referenced.  The Town’s Engineering Standards were used to 
develop maximum imperviousness percentages for the land use designations assuming maximum 
buildout.  To be conservative, any existing catchment with imperviousness percentages below the 
calculated maximum were adjusted to the maximum impervious percentage and the catchments with 
imperviousness percentages greater than the calculated maximum were not reduced.   Overall, the 
impervious percentage of the TRIP study area under existing and future conditions were determined to 
be 33% and 63%, respectively. 

As per Town standards, the minor and major drainage systems are to be designed to convey the peak 
flow generated by the 5 year and 100 year return frequency storm events without surcharge, 
respectively.  As such, the minor drainage system runoff hydrographs have been produced by the 
Owen Sound 5 year 3 hour Chicago design storms.  The major drainage system runoff hydrographs 
have been produced by the Owen Sound 100 year 4 hour Chicago design storms. 

The results of the hydrologic analyses are included in Appendix B and C for reference and 
summarized in Table 3: Drainage System Peak Flow Summary (m3/s) presented next: 
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Table 3: Drainage System Peak Flow Summary (m3/s) 

Minor Drainage 
System 

Scenario 1 2 Scenario 2 3 Scenario 3 4 Scenario 4 5 

Alfred Street 0.53 0.64 0.69 0.80 

Alice Street/Moore 
Crescent 

0.45 0.57 0.58 0.74 

Bruce/Louisa Street 0.68 0.73 0.74 0.78 

Elma/Arthur Street 0.98 1.09 1.12 1.19 

Bruce/King Street 0.39 0.47 0.49 0.60 

Elma/Harbour Street 0.77 0.85 0.86 0.93 

Victoria Street 0.93 1.14 2.24 2.59 

Lakeshore Drive 0.14 0.22 0.29 0.39 

Bay Street 0.06 0.08 0.09 0.11 

Major Drainage 
System     

Little Beaver River 
Tributary Watercourse 

3.67 5.23 7.14 8.69 

Rankin’s Landing 0.73 0.91 0.98 1.10 
Notes: 1)  Peak Flows reported represent the peak flows at the downstream end on the drainage system at the drainage    

system outlet. 
Notes: 2)  Scenario 1 – Existing Conditions Existing Design Storms 

3)  Scenario 2 – Existing Conditions Climate Adjusted Design Storms 
4)  Scenario 3 – Future Conditions Existing Design Storms 
5)  Scenario 4 – Future Conditions Climate Adjusted Design Storms 
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4 Hydraulic Analysis  

To evaluate the capacity of the minor and major drainage systems and identify the deficiencies in 
each, a hydraulic analysis of the minor and major drainage systems in the TRIP study area has been 
completed.  The minor and major drainage system hydraulic models were generated in PCSWMM and 
HEC RAS/HY-8, respectively. 

As discussed, the data available from the record/design drawings supplemented with the data 
collected from our field visits and topographic survey form the basis of the minor/major drainage 
system hydraulic models.   

The minor drainage system hydraulic analysis includes all maintenance holes, local and trunk storm 
sewer.  The analysis excludes individual catch basins, catch basin leads, and storm laterals.  As 
previously noted, the undocumented SWM infrastructure south of the Georgian Trail and north of 
Alfred Street are known to be deficient and have been excluded from the hydraulic analysis as 
insufficient data is available to accurately model the drainage systems. 

The following characteristics of the minor drainage system SWM infrastructure within the TRIP study 
area were determined through our background review, field visits and topographic survey: 

 Storm structure rim and invert elevations; 

 Storm sewer size, material, length, and inverts; and 

 Storm sewer connectivity to the storm structures. 

A minor drainage system hydraulic model was generated from the GIS shapefile/dataset created for 
the minor drainage system storm infrastructure within the TRIP study area.  As previously discussed, a 
number of the minor drainage system storm sewers were identified as partially obstructed during our 
field investigations.  For the purpose of the initial hydraulic analysis, the partially obstructed pipes were 
modelled without obstruction. 

To evaluate the function of the existing minor drainage systems under existing and future land use 
conditions and climate models, four different hydrologic analyses were completed.  The runoff 
hydrographs generated by the four hydrologic analyses using the Owen Sound 5 year 3 hour Chicago 
designs storms were routed through the hydraulic model.  The hydraulic model results for the four 
different scenarios of runoff hydrographs have been used to evaluate the hydraulic function of the 
existing minor drainage systems and identify the minor drainage system deficiencies under the four 
land use and climate change scenarios.  The results of the minor drainage system hydraulic analyses 
are included in Appendix B for reference. 
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A major drainage system hydraulic analysis of the Little Beaver River tributary watercourse was 
created in HEC RAS from the topographic survey data collected.  The major drainage system hydraulic 
analysis was completed from the Victoria Street minor drainage system outlet (HW1) to the Little 
Beaver River.  The hydraulic analysis includes the following culvert crossings and hydraulic structures 
to accurately model the function of the system: 

 Georgian Trail crossing – 1500 mm diameter CSP culvert; 

 King Street crossing – 1120 mm diameter CSP culvert; 

 Lansdowne Street crossing – 750 mm diameter CSP culvert and 700 mm × 1300 mm CSPA 
culvert; and 

 Outlet culvert – 1200 mm diameter concrete culvert. 

Similar to the minor drainage system hydraulic analysis, the runoff hydrographs generated by the four 
hydrologic analyses using the Owen Sound 100 year 4 hour Chicago designs storms were routed 
through the hydraulic model.  The hydraulic model results for the four different scenarios of runoff 
hydrographs have been used to evaluate the hydraulic function of the existing major drainage system 
and identify the major drainage system deficiencies under the four land use and climate change 
scenarios.  The major drainage system hydraulic model results are included in Appendix D for 
reference. 

To confirm the results of the major drainage system hydraulic analyses, the hydraulic results for each 
culvert were verified using HY-8.  The HY-8 hydraulic results are included in Appendix D for reference. 

The Rankin’s Landing major drainage system was not modelled in HEC RAS.  As the Rankin’s 
Landing major drainage system is part of the Victoria Street minor drainage system, it was modelled in 
PCSWMM.  Similar to the Little Beaver River major drainage system hydraulic analysis, the runoff 
hydrographs generated by the four hydrologic analyses using the Owen Sound 100 year 4 hour 
Chicago designs storms were routed through the PCSWMM hydraulic model.  The hydraulic model 
results for the four different scenarios of runoff hydrographs have been used to evaluate the hydraulic 
function of the existing Rankin’s Landing major drainage system and identify the major drainage 
system deficiencies under the four land use and climate change scenarios.  The major drainage 
system hydraulic model results for this catchment are included in Appendix B for reference. 

It was noted that the Rankin’s Landing major drainage system CSP culverts are partially to fully 
obstructed by rip rap and debris during our field investigations.  The obstructions will reduce the 
capacity of the pipe and the overall drainage system.  The Rankin’s Landing major drainage system 
was modelled unobstructed for the purpose of this study.  However, it must be recognized that 
improvements are required to this system that will be evaluated as part of the next steps of the SWM 
Needs Study. 
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5 Drainage System Deficiency Identification 

Upon completion of the hydraulic analysis, the deficiencies in the minor and major drainage systems 
within the TRIP study area were identified.  The criteria for identifying deficiencies was established 
from the design criteria published in the Town’s Engineering Standards.  A graduate scale has been 
developed to identify the severity of the deficiencies and to aid in prioritizing future improvements for 
the next steps of the SWM Needs Study.  The deficiencies are highlighted on Drainage System 
Deficiency Plans (Drawings DP-1 through DP-9) enclosed and described further in the following 
sections. 

5.1 Minor System 

As per the Town of The Blue Mountains Engineering Standards, the minor drainage systems are to be 
designed to convey the peak flow generated by the 5 year return frequency storm without surcharge.  
In addition to the capacity requirements, the following criteria are applied to minor drainage systems in 
the Town: 

 Minimum allowable pipe size for mainline storm sewer is 300 mm; 

 Downstream pipe sizes are in no case to be smaller than upstream storm sewer regardless of 
slope increase; 

 Minimum allowable flow velocity is 0.75 m/s; 

 Maximum allowable flow velocity is 4.50 m/s; and 

 Minimum grades of storm sewer are as follows: 

Table 4: Minimum Allowable Storm Sewer Grades 

Pipe Diameter Minimum Grade 

300 mm to 375 mm 0.50% 

450 mm to 525 mm 0.30% 

600 mm to 1200 mm 0.20% 

1200 mm and Greater 0.15% 

 

The existing minor drainage systems within the TRIP study area were evaluated based on the Town’s 
minimum allowable pipe size and minimum grade criteria.  In total, 17 pipe sections have been 
identified that do not satisfy the Town’s minimum grade criteria.  One pipe section has been identified 
that does not satisfy the Town’s minimum allowable pipe size criteria.  The storm sewer that does not 
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satisfy these criteria are illustrated on the Drainage System Deficiency Plan (Drawing DP-1) and 
summarized in the following table: 

Table 5: Minor Drainage System Pipe Diameter and Grade Deficiency Summary 

Storm Sewer Diameter (mm) Grade (%) 

 MH 037 – MH 038 600 0.071 

 MH 064 – MH 065 300 0.398 

 CB 117 – CB 118 300 0.279 

 MH 046 – MH 047 525 0.293 

 MH 018 – MH 016 375 0.247 

 MH 017 – MH 016 300 0.248 

 MH 083 – MH 084 375 0.474 

 MH 099 – MH 018 300 0.385 

 CB 113 – D3 820 ×1150 0.127 

 CBMH16 – MH3 300 0.39 

 MH 014 – MH 015 300 0.294 

 MH 044 – MH 045 375 0.294 

 MH 081 – MH 082 375 0.349 

 MH 082 – MH 083 375 0.445 

 CB 105 – CB 106 200 -0.961 

 MH 015 – MH 016 375 0.313 

 MH 058 – MH 070 600 0.149 

 

In addition to the storm sewer reaches identified above, storm sewer sections MH 025 – MH 026, MH 
026 –  MH 027, and MH 027 – MH 046 (300 mm diameter) are smaller than the upstream storm sewer        
MH 023 – MH 025 (450 mm diameter).  The slopes of these pipes are greater than the upstream 
slope.  However, as per Town standards no downstream pipe should decrease in size regardless of 
grade.  The deficient storm sewer is illustrated on the Drainage System Deficiency Plan (Drawing DP-
1) for reference. 
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The minor drainage system hydraulic model was used to evaluate the function of the existing minor 
drainage systems against the Town’s return frequency storm criteria (Owen Sound 5 year 3 hour 
Chicago design storm) under existing land use conditions and current design storms (Scenario 1).  As 
per the Town Standards, the minor drainage systems are to be designed to convey the peak flow 
generated by the 5 year return frequency storm without surcharge.  As such, storm sewer with 
capacities less than the return frequency criteria were identified and the exceedances in capacity were 
evaluated.  The exceedances were evaluated using three methods as follows: 

1. Maximum flow versus storm sewer full flow capacity – the peak flow of the runoff hydrograph at 
each individual storm sewer has been compared to the full flow capacity of the pipe.  Maximum 
flow to full flow capacity ratios greater than 1 (maximum flow exceeds full flow capacity) indicate a 
deficiency in the system.  The greater the maximum flow to full flow capacity ratio, the greater the 
deficiency. 

The full flow capacity of the storm sewer is calculated using the Manning’s formula and the 
geometry (slope and diameter) of the individual pipe section.  As such, the full flow capacity of the 
storm sewer ignores backwater conditions created by downstream storm sewer.  

2. Pipe surcharge duration – when the maximum flow exceeds full flow capacity of the storm sewer 
the storm sewer surcharges.  The duration or length of time the surcharge occurs indicates the 
severity of the deficiency.  Surcharge durations less than 1 minute are typically considered minor 
and insignificant.  However, as surcharge duration increases, the severity of the deficiency is likely 
to increase.  A pipe surcharge is considered a deficiency. 

The pipe surcharge duration is calculated using the dynamic wave equation and considers the 
backwater conditions created by downstream storm sewer.  As such, the backwater conditions 
within the minor drainage system may cause sections of storm sewer with adequate full flow 
capacity to surcharge as a result of undersized downstream storm sewer. 

3. Maintenance hole surcharge depth – when the capacity of the storm sewer is exceeded, the storm 
maintenance holes have the potential to surcharge to grade causing overland flow.  The greater 
the exceedance in pipe capacity, the greater the potential for maintenance hole surcharge to 
grade.  The depth of surcharge above grade at each maintenance hole is also an indication of the 
severity of the deficiency.  The greater the depth the greater the deficiency in the minor drainage 
system.  A maintenance hole surcharging to grade is considered a deficiency. 

Similarly, the hydraulic model was used to evaluate the existing minor drainage systems against the 
Town’s return frequency storm criteria under future land use conditions and considering the potential 
for climate change (Scenario’s 2, 3 and 4).   

As noted, the climate adjusted design storms were adjusted (increased) by 15% to account for 
potential climate change.  Specifically, the 15% increase was applied to the rainfall intensity of the 
current Owen Sound Chicago design storms.  For the future land use condition, the percent impervious 
area of the catchments was adjusted to account for any potential future land use changes in the TRIP 
study area.  To identify potential land use changes, the Town’s Official Plan was referenced.  The 
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Town’s Engineering Standards were used to develop worst case imperviousness percentages for the 
land use designations assuming maximum buildout.     

The sections of storm sewer that do not satisfy the return frequency criteria under the four hydrologic 
analysis scenarios have been identified on the Drainage System Deficiency Plans (Drawings DP-2 
through DP-9) enclosed for reference.  Summaries of the deficiencies within each minor drainage 
system are provided in the table provide next and tables provided in Appendix E: 

Table 6: Minor Drainage System Deficiency Summary 

Minor Drainage 
System 

Number of Deficient Storm Sewer Sections 

Maximum Flow/Full 
Flow Capacity 

Pipe Surcharge 
Duration 

Maintenance Hole 
Surcharge Depth 

S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 

Alfred Street 2 4 2 4 5 5 5 6 0 3 1 4 

Alice Street/Moore 
Crescent 

1 1 1 1 1 2 1 2 0 0 0 0 

Bruce/Louisa Street 9 9 8 10 13 18 15 18 2 5 5 7 

Elma/Arthur Street 10 16 19 19 20 27 26 28 5 7 10 15 

Bruce/King Street 0 0 0 0 0 0 0 0 0 0 0 0 

Elma/Harbour 
Street 

8 10 11 11 15 15 15 15 3 7 7 10 

Victoria Street 3 5 6 9 8 8 14 19 1 3 5 6 

Lakeshore Drive 1 1 1 1 1 1 1 1 1 1 1 1 

Bay Street 0 0 0 0 0 0 0 0 0 0 0 0 

Notes: 1) S1 - Scenario 1 – Existing Conditions Existing Design Storms 
Notes: 2) S2 - Scenario 2 – Existing Conditions Climate Adjusted Design Storms 
Notes: 3) S3 - Scenario 3 – Future Conditions Existing Design Storms 
Notes54) S4 - Scenario 4 – Future Conditions Climate Adjusted Design Storms 

 

From a review of the results provide in the previous summary table, a number of deficiencies exist in 
the existing minor drainage system.  As such, pipe and maintenance hole surcharging is expected 
under existing land use conditions and current climate models. 

When considering potential climate change, which we have assumed to be a 15% increase in rainfall 
intensity for this study, the number of deficiencies within the minor drainage system increases as 
expected.  The frequency, extent and duration of pipe and maintenance hole surcharging will also 
increase if rainfall intensities increase as a result of climate change. 
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Similarly, development and intensification within the TRIP study area in the future can increase the 
imperviousness of the watershed, increase the runoff to each drainage system and consequently 
increase the number of deficiencies in the minor drainage systems.   As such, the frequency, extent 
and duration of pipe and maintenance hole surcharging will increase as build out and intensification 
occurs and land uses change.   

5.2 Major System 

The major drainage system HEC RAS hydraulic model was used to evaluate the function of the 
existing Little Beaver River tributary watercourse against the Town’s return frequency storm criteria 
(Owen Sound 100 year 4 hour Chicago design storm) under existing land use conditions and current 
design storms (Scenario 1).  As per the Town Standards, the major drainage systems are to be 
designed to convey the peak flow generated by the 100 year return frequency storm without 
surcharge.  Channel and culvert capacities less than the return frequency criteria were identified and 
the exceedances in capacity were evaluated. 

Similar to the minor drainage system evaluation, the function of the Little Beaver River tributary 
watercourse was evaluated considering future land use changes and potential climate change.  The 
runoff hydrographs produced by all four hydrologic scenarios were run through the hydraulic model 
and the deficiencies in the major drainage system were identified for each.  The deficiencies are 
described as follows and a summary of the deficiencies is provided in the following table: 

1. The existing Georgian Trail crossing will surcharge under future conditions accounting for potential 
climate change (Scenario 4).  During an exceedance, the Georgian Trail will overtop and flow will 
be conveyed downstream overland to King Street.  The existing crossing has sufficient capacity to 
convey the existing peak flows downstream without surcharge. 

2. The King Street crossing does not have sufficient capacity to convey the peak flow from its 
contributing watershed under existing land use conditions and climate models.  During and 
exceedance, King Street will overtop overland flow will occur to the downstream channel or bypass 
the channel and drain northeast overland to Huron Street and ultimately Georgian Bay.  The 
frequency, extent and duration of flooding will increase under the additional hydrologic analysis 
scenarios as peak flows and runoff volumes increase.   

3. The section of channel immediately downstream of the King Street crossing (King Street to 
Lansdowne Street) does not have sufficient capacity to convey the peak flow from its contributing 
watershed under existing land use conditions and climate models.  Peak flows will overtop the 
northeast channel bank and spill northeast overland to Huron Street and ultimately Georgian Bay.  
This spill occurance will result in downstream flooding between King Street and Georgian Bay.  
The frequency, extent and duration of flooding will increase under the additional hydrologic 
analysis scenarios as peak flows and runoff volumes increase. 

4. The section of channel running northeast parallel to Lansdowne Street has sufficient capacity for 
existing flows but not to convey the peak flows under future land use conditions (Scenarios 3 and 
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4).  Peak flows will overtop Lansdowne Street and Huron Street and drain northeast overland 
along Lansdowne Street to Georgian Bay. 

5. The Lansdowne Street crossing does not have sufficient capacity to convey the peak flow from its 
contributing watershed under existing land use conditions and climate models. Lansdowne Street 
and Huron Street will overtop during an exceedance and flow will drain into the downstream 
channel or bypass the channel and drain northeast overland along Lansdowne Street to Georgian 
Bay.  The frequency, extent and duration of flooding will increase under the additional hydrologic 
analysis scenarios as peak flows and runoff volumes increase. 

6.  The section of channel running west parallel to Huron Street does not have sufficient capacity to 
convey the peak flows under future land use conditions (Scenarios 3 and 4).  Peak flows will 
overtop the northeast channel bank and spill northeast overland to Georgian Bay.  The spill will 
result in downstream flooding between Huron Street and Georgian Bay. 

7. The outlet culvert to the Little Beaver River does not have sufficient capacity to convey the peak 
flow from its contributing watershed under existing land use conditions and climate models.  The 
outlet culvert will cause water to backup in the channel reach upstream and spill northeast 
overland to Georgian Bay causing flooding between Huron Street and Georgian Bay.  The 
frequency, extent and duration of flooding will increase under the additional hydrologic analysis 
scenarios as peak flows and runoff volumes increase. 

Table 7: Little Beaver River Tributary Watercourse Deficiency Summary 

Reach/Culvert 
Capacity 

(m3/s) 

Peak Flow (m3/s) 

S1 S2 S3 S4 

Channel - HW1 – Georgian Trail > 8.17 2.89 4.28 6.59 8.17 

Georgian Trail Crossing (1500 mm) 7.62 2.89 4.28 6.59 8.17 

Channel - Georgian Trail – King Street > 8.17 3.20 4.66 6.96 8.52 

King Street Crossing (1120 mm) 2.53 – 2.93 3.20 4.66 6.96 8.52 

Channel – King Street – Lansdowne Street 3.01 3.20 4.66 6.96 8.52 

Channel – Parallel to Lansdowne Street 6.40 3.52 5.08  6.78 8.28  

Lansdowne Street Crossing (750 mm and 
700 mm × 1300 mm) 

1.40 3.67 5.08 6.78 8.28 

Channel – Lansdowne Street to Outlet 
Culvert (1200 mm) 

6.13 3.67 5.23 7.14  8.69  

Outlet Culvert (1200 mm) 2.78 3.67 5.23 7.14 8.69 
Notes: 1) Bold Text (8.17) – identifies a deficiency in the major drainage system 
Notes: 2) S1 - Scenario 1 – Existing Conditions Existing Design Storms 
Notes: 3) S2 - Scenario 2 – Existing Conditions Climate Adjusted Design Storms 
Notes: 4) S3 - Scenario 3 – Future Conditions Existing Design Storms 
Notes55) S4 - Scenario 4 – Future Conditions Climate Adjusted Design Storms 
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For the purpose of this evaluation, the backwater effects of the culverts were ignored when evaluating 
the hydraulic capacity of the channel sections.  The channel capacities were evaluated with the 
culverts removed.  As such, any backwater effect created upstream by a culvert will reduce the 
conveyance capacity of the upstream channel reach and result in higher water levels during major 
storm events. 

The Rankin’s Landing major drainage system was evaluated in PCSWMM and it was determined that 
the system is deficient under the 100 year design storm peak flow.  Furthermore, as witnessed during 
our field investigations the CSP culverts are partially to fully obstructed by rip rap and debris.  The 
obstructions will further reduce the capacity of the pipe and of the overall drainage system.  Under 
existing conditions, little to no overland flow route exists through the Rankin’s Landing development 
and any exceedance in culvert capacity resulting in surcharge will likely cause flooding of the 
residences adjacent to the culvert/channel network.  As such, opportunities to improve the Rankin’s 
Landing major drainage system by incorporating an overland flow route through the development and 
directing municipal drainage away from private lands should be explored as part of the next step of the 
SWM Needs Study.  

5.3 Undocumented Systems 

As previously discussed, the undocumented SWM infrastructure south of the Georgian Trail and north 
of Alfred Street are known to be deficient but have been excluded from the hydraulic analysis as 
insufficient data is available to accurately model the drainage systems.  However, opportunities to 
improve these systems are to be explored as part of the next step of the SWM Needs Study. 

A hydraulic analysis of the Lakeshore Drive culvert crossing (600 mm diameter) confirms the culvert 
does not have sufficient capacity to convey the 100 year design storm peak flow downstream without 
overtopping the road.  The hydraulic calculations for the Lakeshore Drive culvert crossing are included 
in Appendix D for reference. 
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6 Recommendations 

With the minor and major drainage system deficiencies identified within the TRIP study area, the next 
step of the SWM Needs Study is to identify and evaluate alternative design concepts to improve the 
deficiencies and improve water quality and conveyance under existing and future drainage conditions.  
In addition to the evaluation of alternative improvement options to address the minor and major 
drainage system deficiencies, we recommend the following: 

1. Opportunities to relocate the minor and major drainage systems from private property to municipal 
lands should be reviewed. 

2. Opportunities to implement regional stormwater management facilities to address increased runoff 
from future land use changes should be reviewed. 

3. Opportunities to implement low impact development (LID) measures within the TRIP study area to 
reduce runoff and improve water quality should be assessed. 

4. Opportunities to improve the overall water quality of the watershed should be identified. 

Through the evaluation of the improvement options, recommendations for preferred alternative 
solutions to improve the drainage systems in the TRIP study area will be provided.  After which, a 
capital implementation plan can be developed for the preferred alternative solutions that the Town may 
incorporate into their multi-year municipal infrastructure capital plan. 
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7 Conclusions 

From the analysis completed, a number of minor and major drainage systems deficiencies have been 
identified in the TRIP study area under existing conditions.  Also, the results of the analysis clearly 
demonstrate that future land use changes and potential climate change will adversely impact the 
drainage systems and increase the number of deficiencies in each. 

As the next step of the SWM Needs Study, improvement opportunities to address the deficiencies and 
improve water quality and conveyance capacity under existing and future drainage conditions within 
the TRIP study area are to be identified.  Opportunities to relocate storm infrastructure from private 
lands to municipal lands, opportunities to implement regional SWM facilities, and opportunities to 
implement LID measures should be explored. 

After which, a capital implementation plan will be developed for the preferred alternative solutions that 
the Town may incorporate into their multi-year municipal infrastructure capital plan. 
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APPENDIX A: 

GIS SHAPEFILE/DATASET 
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