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Dear Mr. Marcantonio: 

It is our pleasure to submit our Final Report for the above referenced project.  

This report summarizes our findings resulting from the preliminary field investigations and the 
assessment of existing drainage infrastructure. The analysis reveals that the Brooke Street trunk 
storm sewer becomes severely surcharged during major rainfall events and this poses a flood risk 
to the surrounding properties. In addition, some components of the existing local drainage 
infrastructure (i.e. municipal and private driveway culverts, ditch inlets, road side ditches) were 
found to be deficient. 

Information obtained through the public consultation process revealed that indiscriminate 
grading on private property has resulted in localized flooding and damages to private property. 
These are private property issues and the City of Vaughan is not in a position to intervene.  

The recommended alternative involves construction of a new stormwater management facility 
within Gallanough Park. The SWM facility is necessary in order to reduce the flow rates in the 
Brooke Street trunk storm sewer and to reduce the flooding risk. The recommended alternative 
also involves repairing or replacing deficient drainage infrastructure (i.e. culverts, etc.). 

Should you have any questions, please contact the undersigned. 

 
Yours truly, 
GENIVAR Ontario Inc. 
 
 
 
 
 
Alan E. Winter, P.Eng. 
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Executive Summary 

The City of Vaughan is planning to reconstruct some of the local roads in this neighbourhood. 
Prior to commencing road design work the city requires that a study be undertaken to assess the 
effectiveness and/or performance of the existing storm drainage system in the area. 

The Thornhill Storm Drainage Improvements Study was initiated and followed the planning and 
design process outlined in the MEA June 2000 Municipal Class Environmental Assessment 
document (Schedule B). 

This Report summarizes the investigations and assessment of the existing drainage infrastructure 
(both major and minor systems) and identifies drainage system deficiencies that pose a flooding 
risk. 

Existing background data for the Study Area was collected and reviewed. Preliminary field 
investigations were undertaken by GENIVAR. 

There are three drainage catchments within the Study Area. Each catchment area drains to a 
separate drainage course. Generally, each Drainage Course flows in an eastward direction. The 
catchment area for each drainage course was delineated and used in calculating flow values for 
the various design storm events. 

Field investigations were conducted for the drainage elements within the study area. Also, 
preliminary hydrologic and hydraulic analysis of the drainage system was undertaken. The 
preliminary hydraulic analysis concluded that municipal road crossing culverts of Drainage 
Course #1 have adequate capacity to convey the 100-year flow, while some of the crossing 
culverts of Drainage Course #2 do not have adequate capacities and need to be replaced. A 
number of problem areas were identified. The most significant deficiency is the Brooke Street 
trunk storm sewer which surcharges during major rainfall events. Alternatives solutions were 
developed and evaluated. A Preliminary Preferred Alternative was selected. 

Two Public Information Centres (PIC) were held, one on February 20, 2007 and a second on 
December 11, 2007. Members of the consultant team, the local councillor and City staff attended 
these meetings to discuss the project with the residents, to answer their questions and obtain their 
input regarding the flooding problems. 

A meeting was convened with the Toronto and Region Conservation Authority to discuss the 
Preliminary Preferred Alternative. TRCA indicated that a permit would be required replacement 
of municipal culverts along Drainage Courses #1 and #2. 

The Recommended Solution involves: 

� Construction of a new stormwater management facility in Gallanough Park. 
� Constructing a new storm sewer along Thornridge Drive, just west of Brooke Street; 
� Replacement of undersized ditch inlets and catch basins;  
� Replacement of deficient culverts; 
� Improvement of road side ditch conveyance capacity.  
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1. Introduction 

1.1 General 

The residential streets and properties located in the Thornhill neighbourhood located south-west 
of Yonge Street and Centre Street experienced flooding as a result of the August 19, 2005 
rainfall event. The adjoining municipalities of City of Toronto and Town of Markham also 
experienced flooding complaints from residents as a result of that storm event. That event was 
severe and it is known to have exceeded the 1 in 100 year recurrence interval. Over 150 mm of 
rainfall occurred in a 3-hour period. Flooding in the area has been previously reported during 
heavy rain storms and local residents have requested that the City of Vaughan review the 
flooding problems.  

The Thornhill neighbourhood that was affected is an older well-established community. It is 
part of the Thornhill Heritage Conservation District. That designation was made in 1983 
and recognizes the area for both its natural and built heritage features. Properties in the 
neighbourhood are typically older single-family residential homes, constructed in the 1950’s and 
1960’s. A number of these older residential homes were recently redeveloped and replaced with 
a large size houses.  

The City of Vaughan is planning to reconstruct some of the local roads in this neighbourhood 
and prior to commencing road design work requires that a study be undertaken to assess the 
effectiveness and/or performance of the existing storm drainage system in the area.  

In December 2006, GENIVAR was retained by the City of Vaughan to conduct a Storm 
Drainage Improvements Study of the area.  

1.2 Study Area 

The Study Area, as shown in Figure 1, is bounded by Centre Street to the north, Yonge Street to 
the east, Clarke Avenue West to Charles, north to and along Spring Gate Boulevard to the south, 
and approximately Edward Street to the west. The Study Area was amended during the course of 
the study, with the initial Study Area being somewhat smaller as shown in the letter to external 
agencies dated February 12, 2007 (Appendix A-1). The expanded Study Area resulted from the 
quest for suitable remedial alternatives. 



Thornhill Storm Drainage Improvement Study 
Final Report Introduction

 

 
 1-2

 

Figure 1 Study Area 

 

Specific roads planned for improvement include: Thornridge Drive, Elizabeth Street, Old Jane 
Street, Brooke Street, Clarkhaven Street, Calvin Chambers Road, Raymond Drive and Charles 
Street. The identification of drainage deficiencies is an important consideration to the 
reconstruction of these roads.  

Some re-development and in-filling has occurred in this area during recent years; taking 
advantage of the mature, quiet character of the local streets and large lot sizes. At the east 
periphery of the Study Area along Yonge Street, commercial areas are established. Some of the 
more recently constructed roads in the area have curb and gutter, catch basins and storm sewers. 
However, for the most part, the neighbourhood still retains a rural character with most local 
roads having narrow pavement width, gravel shoulders and roadside ditches. 

1.3 Study Purpose 

The purpose of this study is to undertake a detailed investigation and assessment of the existing 
drainage infrastructure (both major and minor systems) and to identify drainage system 
deficiencies that may cause flooding.  

It is important to identify portions of the drainage system that are deficient according to current 
municipal standards. Once the storm sewer system reaches its capacity and surcharging is severe 
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enough to cause overland flow, it is important to know that the overland flow system has 
sufficient capacity to ensure safe conveyance of peak flows. 

This project is being conducted in three distinct phases as follows: 

Phase 1: Preliminary Study and Determination of Relationship to Municipal Class 
Environmental Assessment 

� Preliminary site investigation of minor and major storm drainage system 
� Determination of appropriate Class EA schedule and initiation of project file 
� Public information centre to inform public and receive information 
� Identify elements of existing drainage system and investigate problem areas which are 

performing in deficient manner 
� Preparation of interim report suitable for presentation to Vaughan Council  

Phase 2: Detailed Study/Project File 

� Develop alternative strategies for correcting localized drainage problems 
� Prepare preliminary cost estimates for budgeting purposes for each alternative 
� Public information centre to present alternatives and preferred solution  

Phase 3: Engineering Report Based on Preferred Alternative 

� Identify preferred alternative for improving effectiveness/performance of storm drainage 
system 

� Prepare preliminary cost estimates for budgeting purposes 
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2. Study Approach 

2.1 Class Environmental Assessment Planning Process 

The Municipal Class Environmental Assessment, June 2000 prepared by the Municipal 
Engineers Association (MEA) details a procedure for decision-making and problem solving to 
resolve concerns identified during these types of projects. The Class EA identifies three 
categories of projects, listed as Schedules A, B, and C of the document, and specifies the study 
process to be followed for each category. The Thornhill Storm Drainage Improvements Study 
falls into a Schedule B category. Schedule B projects essentially require completion of Phases 1 
and 2 of the planning process, Problem Identification and Evaluation of Alternative Solutions. At 
the end of Phase 2, the EA category was reviewed with the City of Vaughan to confirm the 
appropriate Class EA Schedule. 

This report documents the planning process, its conclusions and their rationale. This report is 
structured to reflect the requirements of the Environmental Assessment Act, while at the same 
time providing ease of understanding of the decision-making process. 

It contains the following: 

� the purpose of the project; 

� the environmental assessment process followed; 

� the current environmental conditions in the Study Area; 

� the alternatives considered; 

� the environmental effects associated with the project and all reasonable alternatives; 

� the rationale and description of the recommended alternative; and 

� the commitment for further work to be undertaken relative to identified “environmentally 
significant areas/issues”. 

2.2 General Approach 

The approach used to develop the drainage and stormwater management plan is as follows: 

i) Background Information and Data Collection 

� Review available background studies and engineering reports 
� Review available information for existing drainage systems 
� Review previous drainage design drawings 

ii) Field Investigations  

� Examine existing drainage conditions 
� Verify size and condition of existing drainage infrastructure 
� Complete a photographic inventory of existing drainage infrastructure, drainage ditches 

and culverts 
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iii) Drainage System Assessment  

� Generate peak flow rates for design storms at critical locations 
� Assess hydraulic capacity of all culvert crossing structures with respect to City of 

Vaughan design criteria 
� Identify potential deficiencies associated with storm drainage system 

iv) Develop Strategies for Drainage Alternatives 

� Identify drainage improvement alternatives 
� Evaluate and finalize recommended strategy and drainage system  
� Provide recommendations for improvements to drainage system 

v) Complete Documentation 

� Prepare overall plan of recommended improvements to drainage system 
� Prepare Drainage and Storm Drainage Report 

2.3 Notice of Study Commencement 

A Notice of Study Commencement was issued and appeared in the local City of Vaughan 
newspaper and the City of Vaughan web site (Appendix A-1). Letters announcing 
commencement of the project were distributed to external agencies, mandatory public contacts, 
special interest groups and utility companies. The City of Vaughan staff hand delivered notices 
to all residents within the initial Study Area advising the commencement of the Study. 

2.4 First Public Information Centre 

A Public Information Centre (PIC) was held at Garnet A. Williams Community Centre (501 
Clark Avenue West) on February 20, 2007 between 7:00 p.m. and 9:00 p.m. to present the 
purpose and objectives of the study and to solicit input for the Study. Over 20 residents from the 
Study Area attended the PIC. Members of the consultant team, the local councillor and City staff 
attended to discuss the project with the residents, to answer their questions and obtain their input 
regarding the flooding problems. 

The City of Vaughan received letters from local residents that provided documentation regarding 
the flooding that occurred as a result of the August 19, 2005 rainstorm event.  

2.5 Residents Survey 

A questionnaire was distributed at PIC # 1 asking for input regarding existing flooding problems. 
A copy of the questionnaire is given in Appendix A-1. A total of 6 responses were received. 

All residents who responded to the survey reported flooding on their property. 

Reasons for the flooding included lack of capacity in drainage courses and culverts being 
blocked with leaves and debris, as well as overflowing ditches. Some more specific problems 
were also reported.  
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2.6 Part II Order 

Under the provisions of the EA Act, members of the public, interest groups, and review agencies 
may request the Minister of the Environment to require the proponent to comply with Part II of 
the EA Act before proceeding with the proposed undertaking. The Minister’s decision on a Part 
II Order is final. If a person or party has a concern, it should be brought to the attention of the 
proponent during the planning process. If the concern is not resolved, the person or party with 
the concern may ask the proponent to voluntarily elevate a Schedule B project to an individual 
EA. If the proponent declines, and if that person or party with the concern wishes, they may 
write to the Minister of the Environment and request a Part II Order.  

Once the request for a Part II Order has been received, the Minister of the Environment has 45 
days to review the information and prepare a report. The 45 day period starts after the 30 day 
public review has ended. 

If there are critical deficiencies in the documentation submitted by the proponent, the Director of 
the Environmental Assessment and Approvals Branch may require the proponent to submit 
additional information in order to assist in the decision. If this occurs, the 45 day period is no 
longer applicable; however, within 21 days of the receipt of the additional, appropriate 
information, the Environmental Assessment and Approvals Branch will make a recommendation 
to the Minister of the Environment. 

Acceptance of the Study Report and EA file and approval of the project by the Minister of the 
Environment will allow the City of Vaughan to: 

� acquire property necessary for project implementation; 

� construct the proposed infrastructure; 

� operate and maintain the completed infrastructure. 
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3. Review of Background Information and Field Reconnaissance 

Existing background data for the Study Area was collected and reviewed. The City of Vaughan 
provided the following information: 

� City of Vaughan design criteria and standards 
� Digital topographic plans and maps of the Study Area. 
� Orthographic drawings for the Study Area. 
� Correspondence on flooding event of August 19, 2005. 
� Soils reports. 
� Property data from the City, including legal survey plans showing easements. 
� As-built drawings for local roads, which included information regarding storm sewers 

and sanitary sewers 
� A number of subdivision development plans 
� Existing culvert data record sheets  
� Previous reports relating to stormwater management pond A4 located south of the 

Thornridge Drive west end 

The topographic mapping assisted in identifying catchment area boundaries and drainage courses 
that traverse the Study Area. Unfortunately, there is very limited data or reports available that 
specify the criteria used to design the existing drainage infrastructure. Therefore, any special 
design assumptions or considerations that may have been used to design the existing drainage 
infrastructure are not known.  

Correspondence from local residents reveal that flooding in the Study Area has occurred on 
several occasions and that the City of Vaughan has attempted to address the problems.  

3.1 Field Reconnaissance Work 

Preliminary field investigations undertaken by GENIVAR were initiated on December 21, 2006 
and have continued commensurate with the Study needs. The purpose of the investigations was 
to confirm the status of drainage patterns as identified from the review of background 
information and to assess the overall condition of the existing drainage infrastructure.  

Municipal culvert crossings were inspected and the inlets and outlets of these structures were 
photographed. Field investigations also involved examination of private residential driveway 
culverts, catch basins, ditch inlets and roadside ditches. The entire Study Area was visually 
inspected to identify hydraulic capacity problems at existing structures and determine any 
deficiencies that would need to be addressed in conjunction with future local road improvements. 
Field investigation photographs are provided in Appendix B. 

Most of the roads in the Study Area have a rural section with roadside ditches. A number of 
streets, mainly on the west and south sides of the Study Area (i.e. Markwood Lane, Pondview 
Road, Edward Street, Spring Gate Boulevard and a portion of Helena Gardens, Charles Street, 
Calvin Chambers Road, Clarkhaven Street, Arnold Avenue, as well as roads south of Spring 
Gate Boulevard) have a standard urban section with concrete curbs and storm sewers.  

There are three drainage courses that traverse the Study Area, from west to east. Water does not 
flow perennially to these drainage courses, but only during rainstorm events. In May 2006 
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Toronto and Region Conservation Authority (TRCA) designated 2 of the 3 drainage courses as 
watercourses - Drainage Course #1 and Drainage Course #2. Therefore, these watercourses fall 
under TRCA Regulation 166/06. The third drainage course is essentially the south side ditch of 
Arnold Avenue.  

The two watercourses flow across private properties and several landowners have incorporated 
the watercourses into their property’s landscaping. The watercourses cross roadways via 
culverts. For the most part the watercourses are not contained with any easements. 

3.2 Existing Drainage Conditions 

The following description of existing drainage conditions presents an overview of the Study 
Area within the context of the larger drainage basin and receiving watercourse. Then a more 
detailed description of the various catchment areas within the Study Area is provided. Finally, a 
detailed description of the drainage conditions associated with each individual road is presented.  

3.2.1 Study Area in Context 

The Study Area is located within the Don River watershed, which is under the jurisdiction of 
Toronto and Region Conservation Authority. There are no major watercourses within the Study 
Area, but there are 3 minor drainage courses, which will be discussed below.  

Generally speaking, the portion of the Study Area north of Arnold Avenue and east of Charles 
Street was developed some time ago, while the development of the remainder of the Study Area 
is more recent (post 1980’s). However, some redevelopment of individual properties is occurring 
within the northerly portion of the Study Area. 

Most of the roadways within the Study Area have a rural cross section with ditches on both sides. 
Those roadways were not designed using a dual drainage concept (major overland flows 
conveyed along roadways and minor flows conveyed in sewers). More recently constructed 
roads have curbs, gutters and storm sewers which meet City of Vaughan municipal road 
standards and apply the dual drainage concept. 

3.2.2 Main Drainage Courses within the Study Area 

The existing drainage patterns within the Study Area have been established through an 
examination of background information, topographic maps provided by the City of Vaughan, and 
field investigations. There are three drainage catchments within the Study Area. Each catchment 
area drains to a separate drainage course. Generally, each Drainage Course flows in an eastward 
direction. Each Drainage Course has a separate outlet. Figure 2 delineates the catchment areas 
and Drainage Courses. 

Figure 3 shows the existing drainage systems for the Study Area, overlaid on an orthophoto base. 
The reader is encouraged to refer to Figures 2 and 3 and also Appendix B while reading the 
following sections of the report, which contains photos taken during the field investigations.  
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3.2.2.1 Catchment Area (Drainage Course) 1 

Catchment Area #1 approximately covers the northern half of the Study Area. Figure 2 
delineates the catchment area and shows a large external sub-catchment area north of Centre 
Street that contributes drainage to Catchment Area #1.  

The land use within this catchment area is almost entirely residential. Referring to Figure 3, it is 
easily seen that the typical lot size associated with properties within the Study Area is much 
larger than for properties outside the Study Area. Some properties within the area have re-
developed and larger homes have been built, taking advantage of the larger lot size. Information 
gathered through the public consultation process suggested that changes in lot grading have 
resulted in changes in drainage patterns. More specifically, some properties are receiving 
drainage from adjacent properties as a result of indiscriminate re-grading. This problem was 
echoed by many attendees of both Public Information Centre #1 and #2. 

With only a few exceptions, all drainage that is generated within Catchment Area #1 is collected 
and discharged to Drainage Course #1. The few exceptions are small areas along the northern 
fringe of the Study Area, where storm water collected by local storm sewers is discharged to the 
Centre Street trunk storm sewer, thus leaving the Study Area. Note that drainage conveyed in the 
Centre Street trunk sewer discharges to the Brooke Street trunk, which discharges to the East 
Don River.  

Within the Study Area, Drainage Course #1 essentially begins at the outlet from the stormwater 
management facility (dry type detention A4) located in the park area immediately adjacent to the 
westerly end of Thornridge Drive from the south side. The stormwater management facility A4 
is one of four detention facilities in series located west of the study area and controls runoff from 
a number of subdivisions with a total approximate drainage area of 38.5 ha that is outside of the 
Study Area.  

Although the field staff did not undertake investigations on private property, they were able to 
observe small wooden bridges constructed across Drainage Course #1 in the backyards of private 
residences.  

Drainage Course #1 mostly traverses private property, although a short portion of this drainage 
course is coincident with the Centre Street north side ditch. In some locations where the drainage 
course passes through private property, homeowners have incorporated it into the landscaping of 
their property. It crosses several municipal roads before discharging to a 1.8 m x 1.5 m concrete 
box culvert in the vicinity of Old Jane Street and Yonge Street. The culvert crosses Yonge Street 
into the Town of Markham. Ultimately the runoff must outlet to the Don River, however, the 
information provided by the Town of Markham regarding the sewer infrastructure that conveys 
this drainage to its outlet was not sufficient to assess the capacity of the drainage infrastructure 
elements.  

Drainage Course # 1 flows through various culvert crossings under Charles Street, Thornridge 
Drive, Clarkhaven Street, Centre Street, Brooke Street, Elizabeth Street and Old Jane Street. 
Table 3.1 identifies photos (Appendix B) that show the various municipal crossing culverts. 

Table 3.1 List of Photos for the Crossing Culverts of Drainage Course #1 

Culvert # Road Photo # 

C11 Charles Street 1 
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Table 3.1 List of Photos for the Crossing Culverts of Drainage Course #1 

Culvert # Road Photo # 

C12 Thornridge Drive 2 

C13 Clarkhaven Street 3 

C14 Centre Street 4 and 11 

C15 Oakbank Road 9 and 10 

C16 Centre Street 22 

C17 Brooke Street 13 and 14 

C18 Elizabeth Street 17 and 18 

C19 Old Jane Street 19 and 20 

 

3.2.2.2 Catchment Area (Drainage Course) 2 

Catchment Area #2 covers the middle and southwestern portions of the Study Area. Figure 2 
delineates the catchment area and shows a small external sub-catchment area west of the Study 
Area.  

Similar to Catchment Area #1, the land use within this catchment area is almost entirely 
residential, with typically large sized lots. Likewise, some properties within this catchment area 
have re-developed and larger homes have been built.  

All drainage generated within Catchment Area #2 is collected and discharged to Drainage 
Course #2. However, Drainage Course #2 is not entirely continuous and has more than one 
outlet.  

For the purpose of this Study, Drainage Course #2 begins at the westerly Study Area limit, 
coincident with the roadside ditches associated with Arnold Avenue (Photos 23, 24 and 25), then 
it crosses Charles Street and traverses private property until it crosses Clarkhaven Street and 
joins the south side road ditch of Thornridge Drive. 

In some locations where the drainage course passes through private property, homeowners have 
incorporated it into the landscaping of their property (Photos 29 and 30).  

About 120 metres west of Brooke St, Drainage Course #2 departs from flowing in the 
Thornridge Drive south side ditch and flows south easterly, traversing private property until it 
reaches the west side road ditch associated with Brooke Street, just north of Arnold Avenue 
(Photo 38). At this point storm drainage can enter the large ditch inlet that connects to the 3000 
mm diameter trunk storm sewer under Brooke Street. When the water level increases and the 
capture capacity associated with the ditch inlet is exceeded, storm water will flow through twin 
800 mm diameter CSP culverts under Brooke Street (Photos 36, 37, 38 and 39). 

Downstream of the twin 800 mm diameter culverts, the overland flow route passes between 105 
and 107 Brooke Street, but becomes poorly defined and discontinuous in the backyard of 26 
Arnold Avenue. This is a result of filling-in of the drainage course and re-grading of private 
property by previous landowners in order to construct a swimming pool. This area has 
experienced repeated flooding and is a known problem area. It is understood that the ditch inlet 
on the west side of Brooke Street was constructed by the City of Vaughan to alleviate some of 
the flooding. However, the overland flow route traverses private property and the City of 
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Vaughan does not have any easements that cover this flow route. The overland flow route has 
not been reinstated.  

Storm drainage from the south road ditch of Thornridge Drive flows through a swale between 51 
and 53 Thornridge Drive and enters Drainage Course #2 in the backyards of various private 
properties. 

The outlet for this drainage course is located north of Arnold Ave, west of Yonge Street (Photo 
51). The outlet is a 1200 mm storm sewer inlet structure that conveys drainage to a trunk storm 
sewer under Yonge Street. Ultimately the runoff must outlet to the Don River, however, the 
information provided by the Town of Markham regarding the sewer infrastructure that conveys 
this drainage to its outlet was not sufficient to assess the capacity of the drainage infrastructure 
elements. 

Table 3.2 identifies photos (Appendix B) that show the various municipal crossing culverts. 

Table 3.2 List of Photos for the Crossing Culverts of Drainage Course #2 

Culvert # Road Photo # 

C1 Arnold Avenue 23, 24, and 25 

C2 Charles Street 26 

C3 Clarkhaven Street 27 and 28 

C6 Brooke Street 36, 37, 38, and 39 

 

3.2.2.3 Catchment Area (Drainage Course) 3 

Catchment Area #3 is a very small area located at the southerly portion the Study Area between 
Charles Street and Brooke Street, south of Arnold Avenue. Figure 2 delineates the catchment 
area.  

The land use within this catchment area is residential and similar in nature to other parts of the 
Study Area.  

All drainage generated within Catchment Area #3 is collected and discharged to Drainage 
Course #3, which is essentially the south roadside ditch of Arnold Avenue. It begins at Charles 
Street and flows eastward through a culvert crossing under Clarkhaven Street (Photo 52) and 
enters a twin ditch inlet (catch basins) located at the southwest corner of Brooke Street and 
Arnold Avenue intersection (Photo 53). Drainage is then conveyed through an existing 375 mm 
diameter connection to the 3000 mm diameter trunk storm sewer within the Brooke Street road 
allowance. 

3.2.3 Drainage Pattern of Each Road within the Study Area 

3.2.3.1 Centre Street (re-constructed in 2000) 

From the western end of the study area to Markwood Lane: This portion of Centre Street has an 
urban cross section complete with curbs and gutter and catch basins on both sides of the 
roadway. There are also roadside ditches behind the curbs that capture external runoff and 
convey it eastward. The south side ditch drains to a ditch inlet catch basin located at the 
southwest corner of Centre Street and Markwood Lane (Photo 5), which is connected to the 1800 
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mm diameter trunk storm sewer within the Centre Street road allowance. The north side ditch 
drains eastward to a 675 mm diameter municipal CSP culvert (Photo 6). 

From Markwood Lane to Oakbank Road: This portion of Centre Street has an urban cross section 
complete with mountable curbs and gutter and catch basins on both sides of the roadway. Ditches 
are located on both sides to convey major overland flow and the external runoff. Flow direction 
is eastward. The north side ditch drains into the Oakbank Natural Pond (Photo 8), which 
overflows back into the north side ditch through a 600mm diameter CSP culvert (C15) located 
under Oakbank Road (Photos 9 and 10). The available information regarding the Oakbank 
Natural Pond was not sufficient to assess the pond outflow rates, however, discharging rates 
from the natural pond to the north side ditch were estimated based on the capacity of the 600mm 
diameter CSP culvert (C15). The south side ditch drains to a 400 mm diameter private CSP 
driveway culvert located opposite Oakbank Road (Photos 4 and 7), then enters municipal culvert 
C14, which conveys drainage flow under Centre Street to the north side ditch of Centre Street 
(Photo 11). 

From Oakbank Road to Yonge Street: This portion of Centre Street has an urban cross section 
complete with mountable curbs and gutter and catch basins on both sides of the roadway. 
Ditches, municipal road culverts and private driveway entrance culverts are located on both sides 
to convey major overland flow and the external runoff. Flow direction is eastward. The north 
side ditch is considered part of Drainage Course #1. The drainage flow is then conveyed from 
north side ditch to the south side ditch through culvert C16, located west of Thornbank Road 
(Photo 22). 

3.2.3.2 Old Jane Street 

From Brooke Street to Elizabeth Street (rural cross section): Storm drainage flows eastward and is 
conveyed by ditches on both sides of the paved roadway. It is conveyed through a 300 mm 
diameter CSP culvert and directed northward to outlet into Drainage Course #1, north of Old 
Jane Street and downstream of Elizabeth Street. 

From Elizabeth Street to Yonge Street (rural cross section): Storm drainage from the north side of 
the roadway drains by ditch to crossing culvert inlet C19 (Photo 19), while storm drainage from 
the south side of the road drains by ditch to a ditch inlet catch basin that is connected to culvert 
C19 (Photo 20). Ditches are not well defined on the south side of Old Jane Street; hence drainage 
is conveyed via sheet flow. Also, the ditch inlet catch basin is surrounded by high-elevation 
ground and it was observed to be clogged with leaves and debris at the time of field 
investigation, thus obstructing the capture of runoff by the ditch inlet. There is a sag point in the 
middle of this stretch of roadway. 

3.2.3.3 Elizabeth Street (rural cross section) 

Storm drainage originating from the west side of the roadway is conveyed by roadside ditches 
and a municipal road culvert. Drainage is conveyed from both road ends to crossing culvert C18 
(Photos 17 and 18). 

Storm drainage from the east side of Elizabeth Street and north of Old Jane Street drains by 
ditches and private driveway culverts. It is conveyed from both road ends to crossing culvert 
C18. Runoff from the east side of Elizabeth Street and south of Old Jane Street drains north via 
sheet flow, then flows east along the south side of Old Jane Street to culvert C19. 
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3.2.3.4 Brooke Street 

From Centre Street to Old Jane Street (rural cross section): Storm drainage is conveyed through 
roadside ditches and private driveway culverts on both sides of Brooke Street and is directed to 
crossing culvert C17 (Photos 13 and 14). There is a sag point in the middle of the road at culvert 
C17. 

From Old Jane Street to Arnold Avenue (rural cross section): Storm drainage originating from the 
west side of Brooke Street is conveyed southward via roadside ditches, municipal culverts and 
private driveway culverts to the ditch inlet catch basin (DICB #1) located on the west side of 
Brooke Street just north of Arnold Avenue (Photos 38 and 39). The west roadside ditch is lined 
with asphalt between the church located at 140 Brooke Street and north entrance of the parking 
lot located south of the church. The municipal road culvert C5 conveys drainage under 
Thornridge Drive. That culvert was found deformed and in poor condition (Photos 34 and 35).  

DICB #1 is connected via 600 mm diameter concrete pipe to the 3000 mm diameter trunk storm 
sewer located within the Brooke Street road allowance. At the time of the field inspections, 
DICB #1 was clogged with leaves and sediment (Photo 39). Under major storm conditions, or 
when ditch inlet DICB #1 becomes clogged, flow will partially be conveyed from the west side 
of Brooke Street to the east side of the road through twin 800 mm diameter CSP culverts C6 
(Photos 36 and 37). When the peak flow rate exceeds the capacity of the ditch inlet and the twin 
CSPs, it will overtop Brooke Street and flow eastward; re-connecting with Drainage Course #2 
downstream of Brooke Street. 

Storm drainage from the east side of Brooke Street drains via roadside ditches and through 
private driveway culverts southward to Thornridge Drive, then eastward through the north side 
road ditch of Thornridge Drive to a municipal road culvert that conveys the flow southward to 
Drainage Course #2. 

Drainage from the east side of Brooke Street and south of Thornridge Drive drains via ditches 
and private driveway culverts southward to Drainage Course #2. 

From Arnold Avenue to Spring Gate Boulevard (rural cross section): Drainage from the west side 
of Brooke Street drains northward via roadside ditches and through private driveway culverts to 
the twin ditch inlet catch basins (DICB #2) at the southwest corner of Brooke Street and Arnold 
Avenue. DICB #2 connects via a 375 mm diameter concrete pipe to the 3000 mm diameter 
Brooke Street trunk storm sewer. Under major storm conditions, or if DICB #2 is plugged, flow 
would overtop Brooke Street and/or Arnold Avenue from the southwest corner to northeast 
corner of the intersection and re-connect to Drainage Course #2. 

Drainage from the east side of Brooke Street drains northward via roadside ditches and through 
private driveway culverts to catch basins located at the southeast corner of Brooke Street and 
Arnold Avenue. 

3.2.3.5 Donna Mae Crescent (rural cross section) 

Storm drainage is conveyed via roadside ditches and through private driveway culverts within 
the road right-of-way from the western end of the Donna Mae to its intersection at Centre Street. 
Flow from the southwest side of Donna Mae and Centre Street is conveyed through a 400 mm 
diameter municipal CSP culvert to the north side road ditch of Centre Street. Flow from the 
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southeast side of Donna Mae and Centre Street is conveyed through a 375 mm diameter concrete 
culvert to an existing catch basin and then to the 2100 mm diameter Centre Street trunk storm 
sewer.  

3.2.3.6 Calvin Chambers Road 

The western portion of Calvin Chambers (from the west end to house #103) consists of an urban 
road cross section that has curbs, gutter and a storm sewer. The Calvin Chambers storm sewer is 
connected to the 1800 mm diameter Centre Street trunk storm sewer. The eastern portion of the 
roadway (from house #103 to the east end) is serviced by roadside ditches and private driveway 
culverts on both sides of the road. Storm drainage is conveyed eastward and outlets to Drainage 
Course #1. 

3.2.3.7 Thornridge Drive 

From the western end to 50 m west of Clarkhaven Street: The most westerly end (about 50 m) of 
Thornridge Drive has an urban road cross section, complete with curbs, gutter and catch basins. 
The portion of Thornridge Drive between this urban section and to about 50 m west of 
Clarkhaven Street, is serviced by roadside ditches, municipal road culverts and private driveway 
culverts on both sides of Thornridge Drive. Drainage conveyed in the roadside ditches discharges 
into Drainage Course #1, just east of Raymond Drive. An 1800 mm diameter municipal CSP 
culvert (C12) is used to convey Drainage course #1 under Thornridge Drive (Photo 2). 

From 50 m west of Clarkhaven Street to Brooke Street (rural cross section): Runoff from the north 
side of Thornridge Drive is conveyed by ditches and through private driveway culverts to 
municipal culvert C4, located about 120 m west of Brooke Street (Photos 31 and 32). Storm 
water runoff from the south side of Thornridge Drive is conveyed by Drainage Course #2, which 
parallels the roadway alignment. Private driveway culverts facilitate the conveyance of Drainage 
Course #2. Drainage conveyed in the north side road ditch discharges to Drainage Course #2 via 
culvert C4, which was found to be in poor condition. There is a sag point in the roadway at 
crossing culvert C4. 

From Brooke Street to Elizabeth Street (rural cross section): Storm water from both sides of the 
roadway is conveyed to the mid-point between Brooke Street and Elizabeth Street by roadside 
ditches and through private driveway culverts. It is conveyed to Drainage Course #2 through a 
600 x 200 mm elliptical CSP culvert and a swale located between 27 and 23 Thornridge Drive 
(Photo 50). The municipal CSP culvert was found deformed and in poor condition (Photos 46 
and 47). Drainage in the vicinity of Elizabeth Street should be conveyed westward by a 
municipal culvert under the north side of the intersection, but it is completely blocked (Photos 44 
and 45). 

From Elizabeth Street to Yonge Street (rural cross section): Except for the immediate vicinity of 
the intersection, drainage from both sides of Thornridge Drive is conveyed eastward by roadside 
ditches and through driveway culverts. It is conveyed to ditch inlets located on both sides of 
Thornridge Drive at Yonge Street. The ditch inlets are connected to the Yonge Street storm 
sewer system. Drainage water ponds in the northeast corner of Thornridge and Elizabeth due to 
the poor condition of the municipal culvert.  
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3.2.3.8 Raymond Drive 

Storm water collected in the roadside ditches is conveyed southward through private driveway 
culverts and outlets to Drainage Course #2. 

3.2.3.9 Helena Gardens 

The western portion of the road has an urban cross section with curbs, catch basins and a storm 
sewer. The southerly portion of the roadway has roadside ditches with private driveway culverts 
on both sides of the road used to convey drainage. Drainage is directed southward to the roadside 
ditches of Thornridge Drive. 

3.2.3.10 Markwood Lane 

Markwood Lane has an urban road cross section and is serviced by a storm sewer. The storm 
sewer is connected to the 1800 mm diameter Centre Street storm sewer. 

3.2.3.11 Arnold Avenue 

From the western study limit to Charles Street (rural cross section): Drainage is conveyed 
eastward by roadside ditches and private driveway culverts on both sides of the roadway. 
Drainage Course #2 is coincident with the roadside ditch system of Arnold Avenue. 
Approximately 120 m west of Charles Street there are twin 800 mm diameter municipal CSP 
culverts (C1) that convey drainage from the south side ditch to the north side ditch (Photos 23 
and 24). The twin CSP culverts were found in acceptable condition. Immediately downstream of 
the outlet of the twin municipal culverts is a single 600 m diameter driveway culvert (Photo 25). 
There is a sag point in the road approximately 100 m west of Charles Street. 

From Charles Street to Brooke Street (rural cross section): Runoff from the north side of Arnold 
Avenue is conveyed eastward by roadside ditches, municipal road culverts, and private driveway 
culverts. It eventually discharges to ditch inlet catch basin DICB #1, located at Brooke Street just 
north of Arnold Avenue. The west end of the municipal road culvert at Clarkhaven Street is 
buried and the east end of the culvert is deformed (Photos 41, 42 and 43). Therefore, drainage 
flow would overtop Arnold Avenue from north to south and drain to the catch basins located at 
Clarkhaven Street south of Arnold Avenue and then conveyed to the storm sewer along Spring 
Gate Boulevard. 

Runoff from the south side of Arnold Avenue is conveyed eastward by roadside ditches, 
municipal road culverts, and private driveway culverts. The municipal road culvert under the 
south side of the intersection with Clarkhaven is deformed and in poor condition (Photo 52). It is 
conveyed to DICB #2 located at the southwest corner of Brooke Street and Arnold Avenue 
(Photo 53). DICB #2 is connected through a 375 mm diameter concrete pipe to the 3000 mm 
diameter Brooke Street trunk storm sewer. The municipal road culvert at Clarkhaven Street is 
deformed at both ends and would only allow flow under light storm events to be conveyed to the 
east, which means that flow under heavy storm events will drain to the catch basins located at 
Clarkhaven Street south of Arnold Avenue and then conveyed to the storm sewer along Spring 
Gate Boulevard. 

From Brooke Street to Yonge Street (urban cross section): This section of Arnold Avenue is 
serviced by curbs, gutter, catch basins and a storm sewer. The storm sewer flows westward and 
connects to the 3000 mm diameter Brooke Street trunk storm sewer. 
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3.2.3.12 Spring Gate Boulevard  

The Spring Gate Boulevard is entirely serviced by curbs, gutter, catch basins and a storm sewer. 
The storm sewer flows eastward and connects to the 3000 mm diameter Brooke Street trunk 
storm sewer. There is a sag point in the roadway approximately 180 m west of Charles Street 
with large size catch basins on both sides of the road to capture major flow at this location. 

3.2.3.13 Clarkhaven Street 

From Spring Gate Boulevard to Arnold Avenue: This portion of Clarkhaven Street has an urban 
cross section, complete with curbs and gutter on both sides. There is a sag point in the road 
approximately 50 m south of Arnold Avenue. Twin catchbasins are located on each side of the 
road at the sag point that drain to a storm sewer connected to the Spring Gate Boulevard storm 
sewer. 

From Arnold Avenue to 20 m north of Thornridge Drive: Storm drainage is conveyed by roadside 
ditches and private driveway culverts on both sides of the roadway. It is conveyed to Drainage 
Course #2 through crossing culvert C3 located approximately 20 m south of Thornridge Drive 
(Photos 27 and 28). 

From 20 m north of Thornridge Drive to Calvin Chambers Road: Drainage is conveyed northward 
by roadside ditches and private driveway culverts. The roadside ditches outlet to Drainage 
Course #1 at municipal culvert C13, located approximately 40 m south of Calvin Chambers 
Road (Photo 3). 

3.2.3.14 Charles Street 

From Clark Avenue West to Arnold Avenue: This portion of Charles Street has an urban cross 
section complete with curbs and gutter on both sides of the roadway. Catchbasins drain to a 
storm sewer, which is connected to the Spring Gate Boulevard storm sewer. 

From Arnold Avenue to 80 m south of Thornridge Drive: Drainage is conveyed by roadside ditches 
and private driveway culverts. Drainage Course # 2 traverses this section of roadway through 
municipal culvert C2 located approximately 50 m north of Arnold Avenue (Photo 26). The 
roadside ditches outlet into Drainage Course # 2. 

From 80 m south of Thornridge Drive to Thornridge Drive: Drainage is conveyed by roadside 
ditches and private driveway culverts on both sides of the roadway. Drainage Course #1 
traverses this section of roadway through municipal culvert C11 located approximately 45 m 
south of Thornridge Drive (Photo 1). Culvert C11 coincides with a sag point in the road. 

3.2.3.15 Edward Street 

Edward Street has an urban cross section complete with curbs, catch basins are located on both 
sides of the road at the north end of Edward Street. These catch basins collect runoff from the 
north section of Edward Street as well as the east and middle sections of Pondview Road and 
connect to the 375 mm diameter PVC storm pipe located along Pondview Road. 

3.2.3.16 Pondview Road 

Pondview Road has an urban cross section complete with curbs, twin catch basins are located on 
both sides of the road at the west end of Pondview Road. The catch basins is connected to a 
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375 mm diameter PVC storm sewer that discharges runoff to the east end of Pondview Road and 
then connects to a 450 mm diameter PVC storm pipe that discharge the flow north to Drainage 
Course #1 just downstream of Pond A4. 

3.2.3.17 Glenmanor Way 

Glenmanor Way has an urban road cross section and is serviced by a storm sewer. The storm 
sewer is connected to the 1200 mm diameter Spring Gate Boulevard storm sewer. 

3.2.3.18 Tanjo Court 

Tanjo Court has an urban road cross section and is serviced by a storm sewer. The storm sewer is 
connected to the1950 mm diameter Springfield Way storm sewer. 

3.2.3.19 Springfield Way 

Springfield Way has an urban road cross section and is serviced by the 1950 mm diameter 
Springfield Way storm sewer. 

3.2.3.20 Brownstone Circle 

Brownstone Circle has an urban road cross section and is serviced by a storm sewer. The storm 
sewer is connected to the 1500 mm diameter storm sewer located south of the Gallanough 
Library and connected to the 3000mm diameter storm trunk along Brooke Street. 
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4. Preliminary hydrologic and hydraulic analysis 

4.1 City of Vaughan Drainage Design Criteria 

City of Vaughan Design Criteria outlines the standards for the design of storm drainage works 
and other facilities. The minor system (storm sewers and road ditches) is to be designed to 
convey the 5-year design storm event without surcharging. Runoff rates in excess of the design 
capacity of the minor system shall be conveyed by the major system (streets, ditches, and swales) 
to a safe outlet. The combination of minor and major systems shall be designed to prevent 
flooding of private property. 

4.2 Hydrologic Analysis 

Peak flow rates were calculated using the Rational Method. Design flow rates were generated for 
the 5 and 100 year-design storm events. The peak flow intensities were calculated using the City 
of Vaughan IDF Curve Parameters. Other hydrologic parameters for individual sub-catchment 
areas were determined using the topographic maps obtained from the City of Vaughan. An 
average runoff coefficient value of 0.6 was selected as a representative value for the Study Area 
that includes residential houses, roads, institutional buildings and some open areas. 

4.3 Hydraulic Analysis 

A preliminary hydraulic analysis using Culvert Master Hydraulic Model was undertaken to 
identify whether the existing system satisfies current City of Vaughan Drainage Design Criteria. 
The hydraulic analysis was intended to identify problem areas. The following sections describe 
the hydraulic analysis for each of the three drainage courses. 

4.3.1 Drainage Course # 1 

From the preliminary analysis, it appears that the municipal road culverts  associated with 
Drainage Course #1 have adequate hydraulic capacity to convey the 100-year design storm. This 
preliminary analysis did not investigate every driveway culvert and every section of the drainage 
course within the Study Area to ensure that the 100-year flow could be conveyed safely without 
flooding or ponding on private properties. The detailed design work associated with the proposed 
road re-construction will establish the road geometry parameters, which will establish the need to 
replace driveway culverts and re-shape road-side ditches.  

Although the hydraulic analysis has shown that the municipal road culverts have adequate 
capacity, it is expected that the culverts may be replaced at the time of road reconstruction. This 
is due to their present poor condition. Table 4.1 presents the results of the hydraulic analysis for 
the municipal road culverts, while the hydraulic model (CulvertMaster) output is presented in 
Appendix C.  
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Table 4.1 Hydraulic Analysis Results of Drainage Course #1 

Culvert 
ID 

Culvert Size 
(mm) 

100 Year 
Peak Flow 
(m

3
/sec) 

Top of Road 
Elevation 

(m) 

Calculated 
Headwater 
Elevation  

(m) 

Remarks 

C11 1800 CSP 1.09 181.90 181.00 Culvert has adequate capacity 

C12 1800 CSP 1.42 180.80 179.66 Culvert has adequate capacity 

C13 1600x2200 CSPA 1.47 178.50 177.42 Culvert has adequate capacity 

C14 1200x1200 
Concrete Box 

1.71 175.90 175.46 Culvert has adequate capacity 

C16 1200x2500 
Concrete Box 

4.03 175.40 174.74 Culvert has adequate capacity 

C19 1000x2500 
Concrete Box 
w/open bottom 

4.36 172.60 172.54 Culvert has adequate capacity 

 
Analysis was conducted for the north side ditch of Centre Street and it was found that the peak 
flow associated with the 100 year storm event is 4.03 m3/sec, while the ditch capacity was 
calculated to be over 20 m3/sec.  

4.3.2 Drainage Course # 2 

It is concluded that some of the key drainage elements associated with Drainage Course #2 do 
not have adequate capacity to convey the 100-year flow, without overtopping the road. This is 
shown in Table 4.2, while the hydraulic model (CulvertMaster) output is presented in Appendix 
C. This preliminary analysis did not cover all drainage elements within the Study Area. As 
mentioned previously, detailed design work associated with the proposed road re-construction 
will establish the road geometry parameters, which will establish the need to replace driveway 
culverts and re-shape road-side ditches. 

Table 4.2 presents the results of the hydraulic analysis of the municipal road culverts. 

Table 4.2 Hydraulic Analysis Results of Drainage Course #2 

Culvert 
ID 

Culvert Size 
(mm) 

100 Year Peak 
Flow  

(m
3
/sec) 

Top of 
Road 

Elevation 
(m) 

Calculated 
Headwater 
Elevation 

(m) 

Remarks 

D1 600 CSP 2.49 183.00 183.36 Driveway culvert does not have 
adequate capacity to convey the 5-
year storm without overtopping the 
road 

1.41 (5 Year 
Flow) 

183.20 

C2 1000x1700 
CSPA 

2.51 182.90 182.67 Culvert has adequate capacity 

C3 800x1300 
CSPA 

2.51 179.90 179.98 Culvert does not have adequate 
capacity 

C4 400x750 
Elliptical CSP 

0.77 175.80 175.82 Culvert does not have adequate 
capacity 

C5 400 CSP 0.62 176.00 176.08 Culvert does not have adequate 
capacity 
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Crossing culvert C6 and the ditch inlet DICB #1 were analyzed separately. The maximum 
capacity of the twin crossing culverts along with the ditch inlet was calculated, assuming the 
water level to be at the same elevation as the edge of the road pavement (just before overtopping 
the road). The drainage capacity of the twin culverts and the ditch inlet together was calculated 
as 3.21 m3/sec, while the peak flows were found to be 2.04 and 3.83 m3/sec for the 5 and 100-
year storms, respectively. This means that the twin crossing culverts along with the ditch inlet 
have the capacity to convey the 5-year storm flow, but cannot convey the 100 year storm flow 
without overtopping Brooke Street. 

Analysis was conducted for the side road ditch just downstream of the private driveway culvert 
D1 and it was found that peak flow associated with the 100-year storm event is 2.49 m3/sec, 
while the ditch capacity was calculated as 2.67 m3/sec. Also, analysis was conducted for 
Drainage Course #2 just downstream of the crossing culvert C1 and it was found that the peak 
flow associated with the 100-year storm event is 2.51 m3/sec, while the drainage course capacity 
was calculated as 3.0 m3/sec. 

4.3.3 Drainage Course # 3 

Peak flow rates for the twin ditch inlet catch basins located at the southwest corner of Brooke 
Street and Arnold Avenue (DICB #2) were calculated to be 0.48 and 0.85 m3/s for the 5 and 100-
year design storm events respectively. To assess the maximum capacity of the ditch inlets, the 
headwater was assumed to be at the edge of road pavement. The ditch inlets and the 375 mm 
diameter connecting pipe to the 3000 mm diameter Brooke Street trunk storm sewer were 
analysed as orifices to assess their capacities. The analysis indicated that the maximum capacity 
of the twin ditch inlets is 0.58 m3/sec, while that of the connecting pipe is 0.35 m3/s. This means 
that the connecting pipe capacity governs the overall capacity. 

This preliminary analysis did not cover all drainage elements (ditches, catch basins, driveway 
culverts). 
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5. Problem Areas 

5.1 Problem Areas within Drainage Course #1 

According to the preliminary hydraulic analysis and field investigations, it is concluded that the 
components of drainage infrastructure along Drainage Course #1 have adequate capacities to 
convey the design peak flows without overtopping the roads.  

According to verbal communications from residents attending the Public Information Centres 
there appears to have been some indiscriminate grading of private property that has caused 
localized flooding.  

Attendees at the PICs also noted that the August 19, 2005 rainfall event caused the outlet 
structure of the stormwater management detention facility (pond A4) at the westerly end of 
Thornridge Drive to fail, thus causing downstream flooding.  

5.2 Problem Areas within Drainage Course #2 

The following problem areas were identified within Drainage Course #2 catchment area as 
shown in Figure 3: 

� Area 1 – existing driveway culvert D1 at 132 Arnold Street is undersized (600 mm 
diameter CSP). 

� Area 2 – ditch inlet DICB 1 (1338 mm x 768 mm) and 600 mm diameter connecting pipe 
at 36 Brooke Street has inadequate capacity to convey major storm events. 

� Area 3 – a discontinuity in the overland flow route exists in the backyards of 105 Brooke 
Street and 26 Arnold Avenue, 27 and 26, 27 and 22, 23 and 18, 23 and 14 on Thornridge 
Drive and Arnold Avenue.  

� Area 4 – a discontinuity in the overland flow route exists between 23 and 27 Thornridge 
Drive. 

� Area 5 – the existing 450 mm diameter CSP culvert at the intersection of Elizabeth Street 
and Thornridge Drive is in poor condition and deformed, which constricts the flow 
capacity and causes road overtopping. 

� Area 6- the existing crossing culvert (600 mm x 200 mm CSP) in front of 28 Thornridge 
Drive is in poor condition and constricts the flow. As noted in the field, the 300 mm 
diameter CSP driveway culvert just downstream of the crossing culvert is undersized. 

� Area 8 – the existing crossing culvert C3 (1300 mm x 800 mm CSPA) south of the 
intersection of Clarkhaven Street and Thornridge Drive is in acceptable condition, 
however, it does not have sufficient hydraulic capacity. 

� Area 9 – the existing crossing culvert C4 (750 x 400 mm CSPA) on Thornridge Drive 
west of Brooke Street is in poor condition, deformed, and does not have sufficient 
hydraulic capacity. 



Thornhill Storm Drainage Improvement Study 
Final Report Problem Areas

 

 
 5-2

 

� Area 10 – the existing 400 mm diameter CSP municipal culvert C5, at the intersection of 
Brooke Street and Thornridge Drive is in poor condition, deformed, and does not have 
sufficient hydraulic capacity. 

� Area 11 – the 400 mm diameter municipal road CSP culvert located at the north side of 
Arnold Avenue and Clarkhaven Street intersection is buried at the upstream side and 
deformed at the downstream side. This means that the flow along the upstream ditch will 
overtop one of the intersecting roads. 

5.3 Problem Areas within Drainage Course #3 

The following problem areas were identified within the Drainage Course #3 catchment area: 

� Area 7 – the existing twin ditch inlet catch basin (twin 500 x 500 mm) and 375 mm 
diameter storm sewer connection at the southwest corner of Brooke Street and Arnold 
Avenue intersection have inadequate hydraulic capacity to convey major storm events.  

� Area 12 – the 400 mm diameter municipal CSP culvert located at the south side of 
Arnold Avenue and Clarkhaven Street intersection is deformed at both ends and the 
upstream ditch flow will be conveyed south to the catch basins located on Clarkhaven 
Street, about 50 m south of Arnold Avenue. 

5.4 3000 mm Diameter Brooke Street Storm Sewer 

There is a 3000 mm diameter trunk storm sewer located under Brooke Street. It flows northward 
through the Study area and discharges to the East Don River. It has an extensive catchment area 
that extends south to the CN Rail line and potentially west to Bathurst Street (refer to Figure 2). 
It appears that only a small amount of drainage generated from within the Study Area enters this 
trunk storm sewer. As-built engineering design drawings were provided by the City of Vaughan, 
but unfortunately, no design report for the trunk storm sewer has been found and therefore the 
design criteria and assumptions used for its design are unknown. The drawings include a detail 
that shows a 750 mm diameter sanitary sewer constructed inside the 3000 mm diameter storm 
sewer. 

A hydraulic analysis of the trunk sewer was undertaken. The XP-SWMM model was used for the 
analysis. The catchment area contributing to the 3000 mm diameter trunk sewer is bounded by 
Yonge Street on the east, CNR on the south, Bathurst Street on the west, and Spring Gate Blvd 
on the north. The drainage area was measured as 164.4 ha. The Rational Method was used to 
calculate peak flow values discharged to the 3000 mm diameter storm trunk sewer. It was 
assumed that the storm sewer network was designed to convey the 5-year storm event (minor 
system) to the 3000 mm diameter storm sewer trunk. According to the topography of the 
catchment area, the overland flow (major system) is also directed to the Brooke Street trunk 
storm sewer. 

The 5-year peak flow was calculated using the Rational Method as 13 m3/sec., while the total 
peak flow that would be conveyed to the trunk under the 100 year storm event was estimated as 
16 m3/sec.  

The capacity of the Centre Street trunk sewer was calculated using the storm sewer plans and 
profiles that was provided by the City of Vaughan and was calculated as 14 m3/sec. 
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The XP-SWMM model was used for the analysis of the trunk sewer and it was found that under 
existing conditions, the trunk would surcharge at Arnold Avenue and flooding would occur as 
shown in Figure 4, while under the preliminary preferred alternative (with a detention facility at 
the upstream end of the Brooke Street trunk), flooding could be eliminated as shown in Figure 5.   

5.5 Problem Statement 

From the review of background information, field investigations and the preliminary hydrologic 
and hydraulic analysis of the Study Area, the drainage deficiencies are presented in Figure 3 and 
summarized below. 

� Surcharging of Brooke Street trunk storm sewer 
� Undersized or damaged culverts under driveways 
� Inadequately sized roadside ditches  
� Inadequate or unknown outlet capacity 
� Discontinuous overland flow routes 
� Sags or low points in roadways or ditches where water may pond 
� Inadequate number of catch basins or drainage inlets 
� Blockage or constrictions in conveyance system 
� Indiscriminate grading on private property that causes drainage to spill onto adjacent 

private property 
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6. Alternative Solutions 

The purpose of this study is to produce a solution which will reduce or eliminate the flooding 
risks in the Study Area. With this purpose in mind, the Class EA planning process requires that 
alternative solutions be considered. This must include the alternative to make no improvements 
(Do-Nothing). 

A number of alternatives were identified. Each of these alternatives is briefly outlined below: 

1. New storm sewer system. This would involve constructing new storm sewers (or ditches) 
on certain roadways Most of the drainage within the Study Area is conveyed by open 
roadside ditches; there are very few storm sewers. The conveyance capacity of the 
existing roadside ditches is contingent on the conveyance capacity of private driveway 
and municipal culverts. Where driveway culverts are undersized or damaged, there is a 
high risk of ditches over-flowing. Construction of storm sewers would reduce the 
flooding risk for minor storm events. Large size storm sewers (relief sewers) could be 
constructed to convey larger magnitude storm events.  

2. Rehabilitate or upgrade existing storm drainage system. This would involve replacing or 
upgrading deficient portions of the storm drainage system. It could also involve 
modifying the existing drainage system to improve system capacity. Deficient culverts 
and under-sized ditch inlets and catch basins would be replaced, where appropriate. In 
some areas where roadways are proposed for reconstruction, curbs and gutters could be 
installed. In some situations it may be possible to divert one drainage course into 
adjoining drainage course. This could be considered where capacity improvements would 
be accomplished.  

3. Expansion of existing storm drainage system. This alternative would increase the extent 
of the existing storm drainage system (sewers or ditches) or change management 
practices to existing drainage system to improve the capacity of existing system. It may 
be possible to improve the conveyance capacity of drainage courses or road side ditches.  

4. Implement stormwater management measures. This would involve constructing 
stormwater storage facilities. Stormwater management facilities would detain runoff and 
regulate the discharge rates to receiving storm sewers or drainage courses.  

5. Do Nothing. This alternative would not involve any improvements or changes to the 
storm drainage system. It does not necessarily mean that no further re-development in the 
community would occur.  

Each alternative solution also has various options for consideration. In considering the range of 
alternatives, it turns out that some of the candidate solutions may be reasonable or feasible than 
other alternatives.  

6.1 Evaluation of Alternative Solutions 

The evaluation criteria used for determining the suitability of various alternative solutions in the 
Study Area include the following factors: 

� Alternative accomplishments 
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� Advantages/Disadvantages 
� Potential effects 
� Feasibility and cost estimate  

For each alternative (and option) the above factors were applied, considering the local conditions 
and design targets, to determine its suitability in this area.  

The results of the evaluation are presented in Table 6.1. Those alternative solutions and options 
deemed feasible for the Study Area were used to develop the Preliminary Preferred Solution. 



Thornhill Storm Drainage Improvements Study 
 
Table 6.1 Alternative Solutions Evaluation Matrix 
 

Alternative What would this alternative 
accomplish? Advantages Disadvantages Potential Effects Comment 

New storm sewer system      
 
 
Arnold Ave  

• Collect road drainage and 
convey it within road right-of-
way. Possibly intercept drainage 
courses #2 & #3 

• pickup drainage from Arnold 
Ave including drainage from 
outside Study Area  

• may eliminate driveway 
culverts if curbs & gutters are 
constructed with storm sewers 

• No plans to re-construct Arnold Ave that 
would facilitate construction of storm sewers 

• Existing trunk sewer along Brooke Street does 
not have adequate capacity to enable 
connection of Arnold St storm sewer 

• Typical impacts during construction 
• Potentially some utility conflicts  
• Would need to locate suitable outlet 

for Arnold Ave storm sewer 
(presumably Brooke St sewer) 

• Need ditch inlets if no curb and gutter

• Not favourable  

 
 
Thornridge Drive 

• Collect road drainage and 
convey it within road right-of-
way. Possibly intercept drainage 
courses #1 & #2 

• Could coincide with re-
construction of Thornridge Dr 

• may eliminate driveway 
culverts if curbs & gutters are 
constructed with storm sewers 

• Existing trunk sewer along Brooke Street does 
not have adequate capacity to enable 
connection of Thornridge Drive storm sewer 

• Typical impacts during construction 
• Potentially some utility conflicts 
• Would need to locate suitable outlet 

for Thornridge Drive storm sewer 
(presumably Brooke St sewer) 

• Need ditch inlets if no curb and gutter

• Not favourable, except for 
short section just west of 
Brooke St. 

 
 
Clarkhaven St 

• Collect road drainage and 
convey it within road right-of-
way. Possibly intercept 
additional runoff 

• Could coincide with re-
construction of Clarkhaven 

• Could pickup drainage from 
Arnold Ave 

• may eliminate driveway 
culverts if curbs & gutters are 
constructed with storm sewers 

• Existing trunk sewer along Brooke Street does 
not have adequate capacity to enable 
connection of Clarkhaven St storm sewer 

• Require the construction of Thornridge Drive 
storm sewer. 

• Typical impacts during construction 
• Potentially some utility conflicts 
• Would need to locate suitable outlet 

for Clarkhaven St storm sewer 
• Need ditch inlets if no curb and gutter

• Not favourable, except for 
short sections 

 
 
Brooke St  

• Reduce peak flow rate  and 
surcharging in existing Brooke 
St trunk sewer  

• Would provide a relief sewer 
for existing trunk sewer 

• Would reduce surcharging in 
existing Brooke St trunk sewer 
and eliminate potential 
flooding in vicinity of Brooke 
& Arnold 

• Relief sewer would be very deep (>10 m) 
• The sewer construction would be extremely 

costly and need a new outfall at East Don 
River. Would increase discharge rates and 
erosion potential in river 

• Construction would employ tunneling 
techniques and dewatering 

• Construction impacts would be 
significant 

• Utility conflicts 
• Would need new outfall structure at 

river 
• Would increase discharge rates and 

erosion potential in river 

• extremely expensive 
• very disruptive with 

significant impacts within 
Study Area and downstream  

• not recommended for any 
further consideration 

Rehabilitate or upgrade 
existing storm sewage system 
(including diverting drainage 
courses) 

     



Alternative What would this alternative 
accomplish? Advantages Disadvantages Potential Effects Comment 

Replace deficient culverts • Provide proper conveyance 
capacity 

• Would reduce localized 
flooding  

• Make require grading onto private property • Minor impacts during replacement • Recommended where needed

 
 
Construct urban road sections 
with curbs, gutter and storm 
sewers  

• Create dual drainage system - 
minor drainage conveyed in 
storm sewers & major drainage 
overland along roadways 

• Would meet City of Vaughan 
design standards for roads  

• Driveway culverts and cross 
culverts at intersections would 
be eliminated 

• Road drainage would be 
conveyed within road right-of-
way. 

• May meet municipal standards, but won’t 
solve all flooding problems 

• May require extensive re-grading to provide 
positive drainage along roadways 

• Grading on private property 
• May need rear lot catch basins 
• Urban road section is controversial with some 

landowners – not everyone wants it  
• Sewers need outlets with adequate capacity 
• Overland flow needs proper outlet capacity 

• Would change character of 
neighborhood 

• Typical impacts during construction 
• Grading and earthworks on private 

property 
• Potentially some utility conflicts 

• There are certain sections of 
roadway that would benefit 
from curb and gutter, but 
would depend on road 
reconstruction design work 

 
 
Replace undersized ditch inlets 
and catch basins 

• Increase capture capacity of 
storm sewer system 

• Reduce localized flooding • Storm sewer system needs sufficient 
conveyance and outlet capacity 

• Minor impacts from construction 
• Potential to worsen flooding if sewer 

capacity is already insufficient  
 
 

• Recommended for 
implementation 

 
Divert Drainage Course #2 to 
Drainage Course #3 at Charles St 
(either partially or complete 
diversion) 

• Reduce peak discharge rates in 
drainage course #2 

• Reduce peak discharge rates in 
drainage course #2 

• Not possible to divert surface flow without 
constructing extremely deep ditch since the 
depth of Drainage Course #2 is quite deep 
compared to that of Drainage Course #3.  
Would need a sewer in order to achieve 
diversion 

• Insufficient outlet capacity 
• Cross section of Drainage Course #3 

to be upgraded. 
• Potential utility conflicts. 

• Not recommended for any 
further consideration 

Divert Drainage Course #2 to 
Drainage Course #1 at Charles St 

• Reduce peak discharge rates in 
drainage course #2 

• Re-grade ditch from C2 to C11 
and replace driveway culverts. 

• Unknown outlet capacity 
• Would be Schedule C, Class EA 

• Potentially insufficient outlet 
capacity  

• Potential utility conflicts. 

• Not recommended for any 
further consideration 

Divert Drainage Course #2 to 
Drainage Course #1 at 
Clarkhaven 

• Reduce peak discharge rates in 
drainage course #2 

• Re-grade ditch from C3 to C13 
and replace driveway culverts. 

• Unknown outlet capacity 
• Would be Schedule C, Class EA  

• Potentially insufficient outlet 
capacity  

• Potential utility conflicts. 

• Not recommended for any 
further consideration 

Divert (short-cut) Drainage 
Course #2 from Brooke St to 
existing 1500 mm diameter sewer 

• Avoid flooding of property in 
vicinity of Brooke St& Arnold 
Ave 

• Avoid flooding of property in 
vicinity of Brooke St& Arnold 
Ave 

• Only possible by pipe 
• Expensive solution 

• Potential utility conflicts. • Not recommended for any 
further consideration 

Expansion of existing storm 
drainage system 

     

 
 
 
Improve conveyance capacity of 
drainage courses to convey 100 yr 

• Increase conveyance capacity 
and reduce flooding on private 
property and over municipal 
roads 

• Would reduce localized 
flooding 

• Municipal road culverts in 
poor condition would be 
replaced at time of drainage 
course improvements 

• Minimal existing easements for drainage 
courses on private property.  City does not 
have jurisdiction on private property. Would 
require co-operation of all landowners and 
would be very difficult to completely 
implement  

• No control of drainage courses on private 
property unless easements for construction and 
maintenance purposes are negotiated with 
private landowners  

• Can not implement this alternative without 
properly sized outlets 

• Private landowners have incorporated 
drainage courses into their 
landscaping 

• Tree & vegetation removal 
• Potentially insufficient outlet 

capacity and unknown d/s impact 
• Driveway culverts would need to be 

replaced 
• Grading and earthworks on private 

property 
• Potentially some utility conflicts 

• Not recommended for any 
further consideration 



Alternative What would this alternative 
accomplish? Advantages Disadvantages Potential Effects Comment 

 
 
Improve road ditch conveyance 
capacity  
 

• Would meet City of Vaughan 
design standards for road 
drainage and eliminate overflow 
from roads 

• May meet municipal 
standards, but won’t solve all 
flooding problems 

 

• Considerable existing encroachment into road 
right-of-way by private landowners will cause 
controversy when road ditch capacity needs to 
be increased 

• Need properly sized outlets 
• Need positive overland flow route or large dia 

sewers to complete drainage scheme 

• May result in large roadside ditches 
• Encroachment works would be 

removed 
• Driveway culverts would need to be 

replaced 
• Potential grading on private property 
• Potentially some utility conflicts 

• Recommended where 
beneficial  

Require stormwater 
management 
(storage pond alternatives) 

     

Increase storage capacity of 
existing SWM facilities (existing 
A4 pond) 

• Reduce peak discharge rates 
and reduce flooding along 
Drainage Course #1. 

• Would reduce peak discharge 
rates and reduce flooding 
along Drainage Course #1. 

• Pond A4 already provides 100 year design 
storage 

• No benefit to other drainage courses where 
flooding is a serious issue  

• Flooding areas associated with 
drainage Course #2 still an issue. 

• Not recommended  

 
 
New SWM facility in Gallanough 
Park, south of Spring Gate Blvd. 
and west of Yonge St. 

• Reduce peak flows discharged 
to the Brooke Street trunk sewer 
and reduce flooding.  

• property is owned by the City 
of Vaughan. 

• Would resolve majority of 
flooding risk 

• Could excavate and re-grade 
park area. 

• Relieve peak flows from the 
Brooke Street trunk sewer and 
allow for connecting some of 
the study area drainage 
courses to the trunk. 

• Opportunity to redevelop park 
area. 

• Will not solve all drainage issues since some 
issues are related to private property’ re-
grading and landscaping. 

• Converting community park for SWM 
purposes is controversial 

• A number of trees and public 
facilities would be relocated and/or 
compensated. 

• Impacts during construction 
• Change the current use of the park 

area, but still maintain passive park 
facilities  

• Recommended. 

Do Nothing • Would not address existing 
flooding problems 

• No advantage • Flooding risk would remain and flooding 
problems would continue to cause damage 

• Potential flooding risks would remain • Not recommended 
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7. Preliminary Preferred Solution 

It is seen from Table 6.1, that many of the alternative solutions are either not favourable or not 
recommended for further consideration. Indeed, as shown in Figure 6, the only alternatives that 
are recommended are:  

� Construction of a new stormwater management facility in Gallanough Park. 
� Possible new storm sewer along Thornridge Drive, just west of Brooke Street; 
� Replacement of undersized ditch inlets and catch basins;  
� Replacement of deficient culverts; 
� Improvement of ditch conveyance capacity.  

Essentially, all of the above forms the preliminary preferred solution. The preliminary preferred 
solution does combine various individual alternative solutions. For example, it includes replacing 
undersized ditch inlets (rehab or upgrade) and increasing road ditch conveyance capacity 
(expansion). 

The construction of a new stormwater management facility in Gallanough Park as shown in 
Figure 6 and Figure 7 would address the serious Brooke Street storm sewer surcharging problem, 
which is the major cause of the significant flooding problems. The other alternatives only 
address localized problems and do not address the more serious sewer surcharging problem. 

A rigorous economic analysis was not undertaken. benefit-to-cost ratio method of analysis was 
not completed because of the difficulty of properly quantifying the values. However, cost 
estimates were prepared and it was considered whether the City of Vaughan would have the 
capacity to finance the solution.  

It is the City’s intention to maintain a passive park setting, while protecting the environment 
through proper stormwater management controls. It would be the City’s desires to create an 
amenity for the community. Figure 7 depicts a concept for the integration of the proposed 
stormwater management facility into the park.  

7.1 Cost Estimates of the Preliminary Preferred Solution 

Capital cost estimates were derived for the preliminary preferred solution based on unit costs for 
comparable work in other areas. Engineering design costs were not included. The detailed cost 
estimates are given in Appendix D. 

The total construction cost estimate of the preliminary preferred solution is $3.0 million. This 
includes a 30% contingency on construction cost estimates but does not include engineering 
design costs.  

7.2 Second Public Information Centre 

The Public Information Centre held on December 11, 2007 presented the alternative solutions, 
and the Preliminary Preferred Alternative Solution along with their advantages, disadvantages 
and potential effects. Table 6.1 presents the current version of the evaluation of alternative 
solutions. Input from the public was requested and responses received are found in Appendix 
A-4. 



SPRING GATE BOULEVARD

AMPHITHEATRE

PLAY AREA

(SANDY)

The 

JOHN R. ARNOLD 

HOUSE

GAZEBO

PARKING AREA

PROPOSED DETENTION POND

Figure 7: Proposed Stormwater Management Detention Facility 
in Gallanough Park

CONDO BUILDINGS

GALLANOUGH 

MEMORIAL 

LIBRARYS
P

R
IN

G
F
IE

L
D

 W
A

Y



Thornhill Storm Drainage Improvement Study 
Final Report Preliminary Preferred Solution

 

 
 7-2

 

7.3 Agency Consultation 

A meeting was convened with staff of the Toronto and Region Conservation Authority on 
January 15, 2008 to discuss the Preliminary Preferred Solution. TRCA noted that Drainage 
Courses #1 and #2 were designated as watercourses in may 2006. Therefore, these watercourses 
fall under TRCA Regulation 166/06. 

TRCA noted that any for municipal culvert proposed to be replaced along either Drainage 
Course #1 or #2, would require a hydraulic analysis to be undertaken to confirm that water 
surface elevations would not change and that any replacement culvert would not pose a flood 
risk to adjoining properties. TRCA indicated their desire for the preparation of floodline mapping 
of the two watercourses.  

TRCA enquired whether the proposed SWM facility could incorporate any water quality 
considerations. It was indicated to TRCA that available space in Gallanough Park is very limited 
and it is unlikely there would be sufficient capacity in the proposed SWM facility for water 
quality control. 
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8. Recommended Solution 

This section describes the components of the Recommended Solution and potential 
environmental effects and mitigating measures. It also identifies recommendations for further 
work. The recommended solution is shown in Figure 6. 

8.1 Construct Stormwater Management Facility in Gallanough Park 

The construction of a stormwater management facility in Gallanough Park would detain runoff 
and regulate the discharge rates to the Brooke Street trunk storm sewer and eliminate flooding 
occurrence during heavy storm events. 

Preliminary analysis found that a detention facility with a storage capacity of about 22,000 m3 is 
required to detain sufficient runoff generated from storm events (up to the 100 year storm) in 
order to reduce the surcharging effect in the Brooke Street trunk sewer. In addition, this would 
allow drainage from Drainage Course #2 and #3 to be connected the Brooke Street trunk sewer 
without causing surcharging or risk of flooding. Detailed hydrologic and hydraulic modeling of 
the external drainage area contributing to the Brooke Street trunk should be completed to better 
size the detention facility. 

The SWM facility will require a Certificate of Approval (C of A) from MOE, but no permits are 
required from TRCA.  

8.2 Replace Deficient Culverts 

It has been determined that a number of culverts should be replaced. This is due to insufficient 
capacity, and/or poor culvert condition. The culverts recommended for replacement are D1,C3, 
C4, C5,  C11, C12. Also, the following side road culverts need to be replaced: 

� At the intersection of Clarkhaven Street and Thornridge Drive 

� At the intersection of Elizabeth Street and Thornridge Drive 

� At the intersection of Clarkhaven Street and Arnold Avenue 

Also, the crossing culvert and the driveway culvert on Thornridge Drive east of Brooke Street 
should be replaced as shown in Figure 6. 

Permits would be required from TRCA for culverts to be replaced on Drainage Course #1 and 
#2.  

8.3 Construct New Storm Sewer along Thornridge Drive, just West of Brooke 
Street 

It is recommended to construct a new storm sewer along Thornridge Drive, just west of Brooke 
Street. The new storm sewer would connect to the Brooke Street trunk storm sewer. The purpose 
of this storm sewer is to remove the flow from Drainage Course #2 that meanders through 
private property after it departs the south side ditch in front of 53 Thornridge Drive, enroute to 
the west side ditch of Brooke Street. The existing ditch inlet in the west side ditch of Brooke 
Street would remain to pick-up local drainage from the area. 
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8.4 Replace Deficient Catchbasins and Ditch Inlets 

The capacity of the twin ditch inlets located at the southwest quadrant of Brooke Street and 
Arnold Avenue is inadequate. Also, the size of the pipe connecting the twin ditch inlets with the 
Brooke Street trunk is inadequate. It is recommended to improve the capacity of the twin ditch 
inlets and the connecting pipe.  

8.5 Remove Crossing Twin Culverts North of Brooke Street and Arnold 
Avenue Intersection 

Since a new storm sewer along Thornridge Drive will be constructed just west of Brooke Street, 
the twin culverts crossing Brooke Street north of Arnold Avenue intersection are recommended 
for removal. This would eliminate flooding at the downstream side of the twin culverts, as the 
Drainage Course #2 is blocked at this area. 

8.6 Improve Ditch Conveyance Capacity 

During the detail design stage for the proposed road reconstruction, the conveyance capacity of 
the road side ditches needs to be reviewed to confirm adequacy for storm major flow, without 
overtopping the roads. 

The design flow rates should be reviewed at the detailed design stage for each individual 
roadway and drainage element (i.e. driveway culverts, ditches, inlets, etc.) based on the drainage 
catchments for each drainage element. 

8.7 Community Effects 

The Recommended Solution will require construction within an existing residential community. 
Community facilities will be affected. There will be minimal disruption to residents expected 
during construction. There will be disruption to the park, but no loss of use to the park is 
expected. Standard construction safety practices will be implemented to ensure that the 
construction site is secure and that the public are safeguarded against unnecessary risk. After 
construction, the area will be fully restored. 

Construction activities will have the potential to result in temporary noise level increases and 
vibration. Control measures, if required, will be applied to reduce the noise and vibration 
generated by construction operations. 

Detailed hydrologic and hydraulic modelling should be conducted to confirm the sizing of the 
proposed stormwater management facility and refine the concept of constructing a SWM facility 
with partial underground storage to accommodate the more frequent storm events.  

8.8 Heritage Resources 

Archaeological Resources 

No archaeological resources are affected by the construction. 
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Historical Resources 

The construction of the SWM facility will be adjacent to one heritage structure. However, it is 
not expected that the structure will be affected by the construction. 

8.9 Vegetation 

The Recommended Alternative avoids woodlands. 

8.10 Wetlands 

The proposed infrastructure construction will not result in a loss of wetland area or function. 

8.11 Wildlife 

The effect on wildlife is considered to be minor because the area of wildlife habitat removed or 
disturbed is small. 

8.12 Fisheries 

The streams within the Study Area do not have permanent flow and do not support fish habitat. 
Therefore, the only potential impact would be from construction operations in the vicinity of the 
streams. Implementation of site specific erosion and sediment control measures will minimize 
impacts during and after construction. 

8.13 Water Resources 

Ground Water 

It is not anticipated that there will be any significant change in ground water quality or quantity 
as a result of construction or operation of the proposed SWM facility. 

Surface Water 

There is a potential to change the water quality of the receiving watercourses through increased 
turbidity levels and suspended solids concentrations during construction. During construction, 
the following mitigation measures will be followed: 

� The exposed areas should be kept to a minimum at all times to minimize the potential for 
erosion; 

� Exposed surfaces should be re-stabilized and re-vegetated as soon as possible; 

� Appropriate sediment control devices or structures should be used during construction to 
retain sediment on the site. If necessary, temporary sediment ponds should be used to 
provide the detention time required for sufficient dewatering. 

8.14 Traffic 

The construction of the proposed infrastructure will result in traffic disruption. The magnitude of 
disruption will depend on a number of factors. Construction requires that materials be brought to 
the site and earth that is excavated be hauled away from the site. Other factors that contribute to 
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traffic disruption include lane reductions, the time of day, and weather conditions. Some of these 
factors can be mitigated more successfully than others. 

In some situations, the lane reductions may only be necessary during the actual hours of 
construction operations. In which case the hours of construction operation may be restricted to 
minimize traffic disruption. 
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9. Conclusion and Recommendations 

9.1 Conclusions 

The Study Area is subject to frequent flooding problems during heavy storm events. The City of 
Vaughan required that a drainage assessment be undertaken for the study area prior to 
commencing reconstruction of certain roads in the Study Area. 

The Study Area receives flows from a large external urban area. This has resulted in sewer 
surcharging of the Brooke Street trunk storm sewer and flooding at some locations, especially at 
the low ground elevation areas such as the area just north of the Brooke Street and Arnold 
Avenue intersection. Other deficient drainage issues identified include: 

� Undersized or damaged culverts under driveways 
� Inadequately sized roadside ditches  
� Inadequate or unknown outlet capacity 
� Discontinuous overland flow routes 
� Sags or low points in roadways or ditches where water may pond 
� Inadequate number of catch basins or drainage inlets 
� Blockage or constrictions in conveyance system 
� Indiscriminate grading on private property that causes drainage to spill onto adjacent 

private property 

Alternative solutions were identified and evaluated. Essentially the Recommended Solution 
involves: 

� Construction of a new stormwater management facility in Gallanough Park; 
� Constructing a new storm sewer along Thornridge Drive, just west of Brooke Street; 
� Replacement of undersized ditch inlets and catch basins; 
� Replacement of deficient culverts; 
� Improvement of ditch conveyance capacity.  

9.2 Recommendations 

It is recommended that the Recommended Solution be implemented.  

Detailed hydrologic and hydraulic modeling of the drainage area contributing to the Brooke 
Street trunk should be completed as part of the work associated with the detailed design of the 
stormwater management facility. This is required to better size the detention facility and 
determine whether the SWM facility could incorporate any water quality control. 
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