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Engineering Services
2141 Major Mackenzie Drive
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Attention:  Saad Yousaf
Storm Drainage Engineer

Dear Mr. Saad:

Re: Phase Il Drainage Study / Flood Vulnerable Sites
Submission of Final Report

We are happy to submit the Final Report for the City of Vaughan (the City) Phase Il Drainage Study /
Flood Vulnerable Sites. This report has been updated to address the comments received in a letter
dated May 22, 2013 and discussed in our meeting June 11, 2013. Further comments regarding some
minor text edits were received on October 21%, 2013. These comments have been addressed as follows:

Comments dated May 22, 2013:

Comment 1 - Inventory of stormwater control facilities owned by the City, not currently in the
stormwater management (SWM) facility database. These include super-pipe flow control storages, oil-
grit separators, on-site controls (roof, parking lots, underground):

Discussion with the City staff concluded that the inventory of facilities owned by the City but not
included in the SWM facility database should be integrated into a new expanded SWMsoft system.
Latest discussion with the City indicated that the expansion may happen at a later date.

Comment 2 — Inventory of other drainage facilities or infrastructure owned by other public agencies
including quantity and quality control facilities, large sewers and channels, and onsite controls:

Several attempts were made to collect information and some responses were received. However,
similar to City’s records, much of this information was not readily available. Through discussion with
City staff it has been agreed that the City must develop a strategy to co-ordinate file and field
investigations with agencies who have jurisdiction over SWM assets. This data should be collected,
reviewed and entered into the expanded SWMSoft system once the data becomes available.

Comment 3 — Refinements to the existing sewer data to verify directional information in sewer networks:

This task was completed for all the areas where detailed modeling and analysis were required to
evaluate the level of flood protection and develop flood remediation alternatives. It was recommended
that the City should develop a City-wide Drainage Management system using VH SWMM, as such a
system model would include QA and QC of all the service areas.
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Comment 4 — A final monitoring report is to be submitted at the end of the flow monitoring program:
A copy of the monitoring report has been included in Appendix E.

Comment 5 — The hydraulic model for site eight (8) must include the most recent hydraulic analysis for
the 2 year event through the Regional storm event:

The models provided to the City include these design events. It should be noted that although the
Regional event was modeled as part of the analysis the 1 in 100 year event was the largest event for
which flood remediation was required as part of this study.

Comment 6 — The models are to be calibrated and validated using the 6 largest events measured during
the monitoring program:

All events modeled were used for model calibration and validation (>6 events). However, not all events
showed consistent results, possibly due to debris accumulation at the flow monitoring weirs. This is
discussed in section 7.2 of the report and is shown in the flow monitoring report found in Appendix E.

Comment 7 — The proponent will also use the August 19" 2005 storm event to assist with the model
calibration:

This storm event was included in the analysis and the model results were discussed in relation to
reported flooding from this event. The results of this analysis are discussed in Section 8.4 of the report.

Comment 8 — It should be noted that the remediation plan must focus on storm drainage systems which
may be susceptible to overloading leading to flooding under the City’s level of service and not the August
19" storm event condition:

Only the 1 to 100 year design storms have been considered for remediation when high flood potential
has been identified

Comment 9 — A series of graduated remediation options and the associated costs should be developed:

Remediation measures for the seven (7) problem areas identified are described in Section 10 and cost
estimates are provided in Table 10.2.
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Comments dated October 21*, 2013:

Minor text edits were identified in the report, these errors have been addressed as requested.

We trust that the above noted changes address all the comments pertaining to the City Phase Il
Drainage Study / Flood Vulnerable Sites.

Yours truly,

COLE ENGINEERING GROUP LTD.

Geoff Masotti
Business Unit Leader, Water Resources
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Statement of Conditions

This Report / Study (the “Work”) has been prepared at the request of, and for the exclusive use of, the
Owner / Client, and its affiliates (the “Intended User”). No one other than the Intended User has the
right to use and rely on the Work without first obtaining the written authorization of Cole Engineering
Group Ltd. and its Owner. Cole Engineering expressly excludes liability to any party except the intended
User for any use of, and/or reliance upon, the work.

Neither possession of the Work, nor a copy of it, carries the right of publication. All copyright in the
Work is reserved to Cole Engineering. The Work shall not be disclosed, produced or reproduced, quoted
from, or referred to, in whole or in part, or published in any manner, without the express written
consent of Cole Engineering and the Owner.
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Executive Summary

Introduction and Background

On August 19", 2005, approximately 85% of the City of Vaughan (the City) experienced a rainstorm
event equivalent to the 1 in 100 year design storm condition or larger, with the greatest intensities
concentrated in the central and southern areas of the City. This storm caused considerable flood
damage to private and public properties. As a result of this event, City Council endorsed a staff
recommendation to undertake a City-wide drainage study. In 2009, Clarifica Inc. completed Phase | of
the City-Wide Drainage and Stormwater Management (SWM) Study for the City. The objectives of the
Phase | Study included:

» To evaluate the existing storm drainage system data, primarily in the urbanized areas of the
City; and,

o To develop a management strategy for flood susceptible areas through comprehensive
mapping and evaluation of the City's existing drainage and SWM.

The primary recommendations from the study were:

« Fill in data gaps and improve the existing drainage data in order to develop a comprehensive
drainage system inventory of the surface and sewer systems throughout the City using
Geographic Information Systems (GIS); and,

o Preliminary assessment of 20 known flooding sites showed that a detailed drainage analysis
was required to assess the level of flood protection and upgrades required to bring these to
acceptable levels.

The Phase Il investigations were initiated to improve the existing drainage data in the City and complete
a detailed drainage analysis for seven (7) of the known flooding areas identified in the Phase | Drainage
Study, in an effort to establish accurate levels of flood risk, leading to specific retrofit and/or
remediation recommendations.

Objectives and Scope
The main objectives of the Phase Il Study are:

« Continue the development of a comprehensive GIS based drainage inventory of the City’s
drainage system by continuing to address key data gaps identified in the Phase | Drainage
Study;

« Development of Data Standards for submissions by consultants, agencies or others providing
new drainage infrastructure;

« Flood Emergency Response Planning (FERP) refinements using the new building envelope
information to establish building’s level of flood protection; and,

« Develop flood remediation plans for Sites 1 through 6 and 8 by evaluating the existing
drainage performance in terms of the level of flood protection and by developing the best
cost-effective solutions to upgrade the protection to match the City’s standard. Table 1
summarizes the flooding problems for each of these areas.
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Table 1-

Final Report

Summary of Flooding Problems

Area 1:
122 Thornridge Drive

Reported flooding

Flooding reported
in 2005

Description of Flooding problem

Surface flooding due to improper grading and high water levels in
adjacent roadside ditches. Property was re-developed and re-
graded in 2008.

Area 2:
275 Franklin Avenue

Flooding reported
in 2005 and
concerns of
flooding in 2008

Surface flooding when the water levels in the pond exceed the
backyards crest elevations of 187.70 m.

Area 3:

311 Franklin Avenue

Flooding reported
in 2005

House located a low point with reverse slope driveway. Floods due
to capacity problems for major system.

Area 4:
109 Brooke Street

Backyard flooding
reported in 2005

House located a low point. Floods due to capacity problems for
major and minor systems.

Area 5:

Brooke Street to
Yonge Street and
Thornridge Drive

City has received
several flooding
reports in this area

Major and minor systems are not built to current standards, ditches,
culverts and inlets are susceptible to blockages.

Area 6:

Tanjo Court and
Springfield Way

Flooding on the
road around
catchbasins and at
the road sag

Major and minor systems are not built to current standards, ditches,
culverts and inlets are susceptible to blockages.

Area 8:

Charlton Avenue

Potential rear yard
flooding

Limited channel and culvert capacity and capacity of the
downstream system cause the engineered channel to overtop the
road and flood properties adjacent to the channel.

Drainage System Inventory

As part of the Phase Il Study field investigations recommended in Phase | were conducted to expanded
the inventory of storm drainage infrastructure by identifying and inspecting culvert and bridge crossings
at various locations in the City. These structures were identified from 2009 aerial photography and
Digital Elevation Models (DEM) GIS analysis prior to field investigations. This information is necessary to
assess flood potential due to restrictions at the crossings, and also for accurately delineating overland
flow paths using a refined DEM.

In order to complete the City’s drainage system inventory it is recommended that the City:

» Secure more accurate DEM data, such as from aerial and land-based LIDaR survey sources;

« Complete a GIS assessment including sink-fill analysis, data entry, cataloguing;

« Complete a file archive search for storm drainage area plans, plan and profile drawings, SWM
reports; and,

o Investin field verification where required.
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Drainage Assessment of Areas 1 through 6 and 8
The drainage assessment of Areas 1 through 6 and 8 included:

« Data collection;

« Analysis of the sewer system data;
» Correcting existing data gaps;

« Field assessments;

» Flow monitoring; and,

» The setup of the micro-drainage model.

Data gaps and potential errors in the data were identified in the existing storm sewer GIS database
sources. Missing manhole inverts, ground elevations, pipe diameter, pipe slope, and pipe length were
consistently identified (e.g. zero diameter, zero length, etc.). Missing storm sewer segments and
catchbasins where identified in most areas. Data gaps were addressed partially through additional data
received from the City and through assumptions using engineering judgment. A thorough review was
also conducted to identify potential errors in the data by assessing extreme values such as very steep or
very shallow pipe slopes, and pipe dimensions that did not appear to be consistent with adjoining pipes.
In addition to the existing drainage infrastructure, a review of the SWM facilities within the study area
was conducted.

Field data collection was required for Areas 1 through 6 and 8 to capture the information required for
the development of the detailed micro-drainage model upstream, within and downstream of the flood
prone areas. There three (3) main components of the survey in Areas 1 through 6 and 8 included:

1. Confirm the type, location and size of storm sewer inlets located in public areas, primarily within
the right of ways but also within parks and other publicly-accessed open spaces;

2. Inspection of the number of directly connected roof drains visible from public Right-Of-Ways.
Directly connected roofs are a source of sewer inflow and are critical in assessing the existing
drainage capacity; and,

3. ldentifying the presence of reverse slope driveways. ldentifying reverse slope driveways is
critical in order to assess potential flood vulnerable areas:

« The DEM is source information used in the development of overland flow route. The DEM is a
good indicator of the direction of major overland flow path and is useful in delineating
drainage areas. A raw DEM contains detailed surface elevation data but requires conditioning
in order to accounts for culverts, road crossing and buildings. Once this conditioning has been
completed the DEM can be used to generate overland flow paths used as the major system in
micro-drainage modeling. This conditioning was completed for the existing City DEM, with
additional focus on the seven (7) flooding areas to be analysed as part of this study; and,

o Civica’s VH SWMM modelling tool was used to create a detailed hydrodynamic Micro-
Drainage model of the storm drainage system. A micro-drainage model combines GIS data in
the form of detailed surface elevation data, sewer asset data, field verification, and modeling.
The model was calibrated using the monitored rain and flow data and then used to analyze
flood remediation solutions for Areas 1 through 6 and 8. Table 2 summarizes the
recommended solution for each of these areas.

W11-251 (March 2014) ( Page vii
<. COLE CIVICA™
=

ENGINEERING Innovations For The Chy



City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites
Final Report
Table 2 — Proposed Remediation Measures
Site Proposed Remediation Measures Cost Estimate
Area 1: Recommendation is that City collects improved DEM data such as through
122 Thornridge LIDaR and continue to improve the drainage management system to N/A
Drive evaluate local drainage capacity in this and other areas of the City.
Area 2: Increase existing outlet from 200 mm to 350 mm.
275 Franklin Avenue | Re-direct flows from three (3) existing catchbasins located at Franklin $42,000
) ) Avenue and Markwood Lane from the Franklin Avenue storm sewer to
(Interim Solution) Pondview Pond.
Install a 180 m long 600 mm outlet sewer from the Franklin Avenue Pond
to Pondview Pond.
Re-direct flows from three (3) existing catchbasins located at Franklin
Area 2: Avenue and Markwood Lane from the Frainklin Avenue storm sewer to
275 Franklin Avenue | Pondview Pond. $300,000
(Ultimate Solution) Increase the Pondview Pond storage by 1250 m> to 3050 m’.
Increase outlet pipe size for Pondview Pond from existing 200 mm to
525 mm.
Raise Hillock Berm 0.6 m.
Area 3: Issue will be addressed as part of the solution for Area 2. Interim solution $4.500
311 Eranklin Avenue | would be to raise sidewalk elevations. ’
Retrofit of Gallanough Park Pond.
Redirect the 2100 mm storm sewer (which conveys flow from 150 ha west
Area 4: of the park) from the Brook Street storm sewer to the Gallanough Park
109 Brooke Street Pond.
A 600 mm storm sewer inlet will convey runoff from 3.4 ha south of the $1,675,000
pond.
Area 5: Sewer by-pass from Tributary 2 to the Brook Street Trunk sewer. This
Brooke Street to solution is contingent on the construction of the Gallanough Pond and the
Yonge Street and redirection of the Brook Street storm sewer in order to provide
Thornridge Drive downstream capacity for the bypass.
Relief sewer along Arnold Avenue, east of Brooke Street, to reduce flows Additional
along the Brooke Street sewer. This is subject to the existing 1500 mm Cost
diameter trunk sewer being able to convey the additional flows without
impacting the downstream drainage systems in Markham. $780,000
Area 6:

) Lower sidewalk on Springfield Way, adjacent to Gallanough Park, by $15,000
Tanjo Court and approximately 0.37 m and re-grading within the park. !
Springfield Way
Area 8: No mitigation is recommended as modelling shows that the system

provides a 1 in 100 year level of flood protection without the need for N/A

Charlton Avenue

specific infrastructure enhancements.

Notes:

Cost estimate includes design and construction cost, estimate does not include applicable taxes.
The recommended solutions for remediating Flood Areas 2, 3, 4, 5, and 6 fall under the Municipal Class EA process, with Schedules
to be confirmed at a later time.
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General Recommendations

General recommendations are made in additional to the specific flood remedial recommendations made
for each of the seven (7) flood vulnerable areas, these recommendations are summarized below:

1) Inventory and database:

« The City should consider conducting a thorough QA / QC of their sewer infrastructure GIS data
including missing pipe data and missing inlet data throughout the City by cross-referencing
their existing GIS data with digital drawings and, more importantly, from on-going CCTV
surveys work and air photography (for inlets);

« As part of infilling data gaps the City should identify data gaps with respect to SWM ponds;

« In order to complete the City’s drainage system inventory it is recommended that the City:
- Secure more accurate DEM data, such as from aerial and land-based LIDaR survey sources;
- Complete a follow-up GIS assessment (e.g. sink-fill analysis, data entry, cataloguing);

- Perform a file archive search for storm drainage area plans, plan and profile drawings,
SWM reports;

- Complete additional field verifications; and,

- Develop a strategy to coordinate file and field investigations with agencies who have SWM
asset jurisdiction.

2) Un-catalogued drainage structures should be assessed and included in the inventory;

3) SWM and Storm Drainage Infrastructure from other sources (i.e., Regional, MTO, etc.) as well as
private SWM and infrastructure (subsurface / underground storage units, oil-grit separator units,
etc.) should also be input into the City’s SWMSoft database so that the City can keep an up to date
inventory of all SWM facilities and drainage infrastructure within their Jurisdiction;

4) Itis recommended that the City collects improved DEM data such as through LIDaR and continue to
improve the Drainage Management System to evaluate the local drainage capacity in this and other
areas of the City;

5) Further field investigations of existing road profiles within the City should be completed through
field investigations and through cross-referencing locations using high resolution aerial photography
or LIDaR technology;

6) The regular CCTV surveys, typically conducted for infrastructure condition assessment, should be
specified such that accurate invert elevations of connecting pipes and ground elevations are
simultaneously collected at the manholes. Sewer segments with significant sags should also be
identified and included in the Drainage Management System database;

7) The City should consider expanding the building layer to include new development and re-
development since 2007 using high resolution air photography;

8) Itis recommended that where possible, the City update their database so that engineered channels
can be represented in the overland flow path;

9) Itis recommended that the city undertake a more detailed survey to get a better topographic
representation of sag areas;
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10) This information should be reviewed and filed into the SWMSoft database system. This inventory
would be tied to the City’s GIS system and would be used by staff as part of a City-Wide Drainage
Management System involved in Master Planning, site development approvals, engineering,
operations, parks, traffic, finance, etc., resulting in a co-ordinated and precise effort to inspect and
maintain the inter-related drainage system;

11) The City may also decide to selectively share some of the drainage system information with
residents (e.g. rain gauge data, flow analysis data, asset data, etc.) to increase awareness of the
City’s drainage management functions;

12) Itis recommended that the City implement data standards for drainage infrastructure, specifically
for culverts and bridges, which have been developed to ensure submissions from consultants,
agencies or other proponents with respect to drainage infrastructure are consistent and can be
easily incorporated into the City’s SWMSoft database.; and,

13) Model Updates:

The model development required significant data infilling. The City should consider updating
the model as part of the future studies and detailed design in areas proposed for remediation
to further confirm the results and recommendations of this study;

Future improvements to the model inputs should be considered such as improvements to GIS
data and DEM data;

It is recommended that the City surveys all inlets within the study area so that an accurate
inlet capture curve can be input into the model, resulting in a more accurate analysis of the
guantity of major overland flow entering the minor system;

In order to accurately represent the hydrological effect of AMC, It is recommended that future
calibration of micro drainage models take into account AMC to accurately represent the
rainfall-runoff relationship during the specific calibration / storm event; and,

Future monitoring should include rain gauge densities no greater than 1 per 200 ha or ground-
corrected radar images (combination of rain gauges and Doppler radar data) in conjunction
with self-cleaning flow measuring flumes.

14) General Recommendations:

It is recommended that the City implement a City-Wide Drainage Management System that
includes a flooding reporting feature in combination with a public communication program
that advises residents, tenants and property owners to report flooding during large storm
events. Such a system would provide valuable information to the City allowing for more
effective management of the drainage system;

It is recommended that the City update their criteria by providing oversized debris gratings
with high debris control capacity in combination with either low-maintenance inlet control
devices or inlet sizing that controls the flow;

The Class EA studies and detailed design that will be required for the implementation of some
of the proposed remedial measures could be financed through a development charge. The
City should consider implementing development charges for the proposed work if there is
proposed development upstream of any of the flood vulnerable areas;

Although source control measures will not significantly reduce basement flooding by
themselves during larger storm events, the City should consider these types of measures for
infill and redevelopment areas as they are effective at reducing runoff volumes to receiving
streams, mitigating erosion and improving water quality;
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o It is recommended that the City consider implementing a downspout / roof leader
disconnection program in an effort to reduce the amount of stormwater runoff in both the
major and minor storm systems and reduce the risk of flooding;

o As a general overall improvement to the City’s drainage infrastructure, the City should
consider proceeding with the selection and installation of Inlet Control Devices (ICDs) and/or
additional inlets to help optimize the used of the minor-major system capacity. Additionally,
the City should consider the construction of new culverts and intake structures for improved
capture of stormwater throughout the City; and,

« Due to the recurring issues with respect to surface drainage, it is recommended that the City
conduct an analysis to determine the feasibility of implementing a minor storm sewer system
along Thornridge Drive. The proposed storm sewer would start in the cul-de-sac on west side
of Thornridge Drive and continue eastwards, eventually discharging to the Brooke Street
Trunk Sewer. A capacity assessment on the Brooke Street Trunk Sewer at Thornridge Drive
would also have to be undertaken to determine what the potential impacts are of connecting
storm sewers along Thornridge Drive to the Brooke Street Trunk Sewer.
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Final Report

1.0 Introduction

On August 19", 2005, approximately 85% of the City experienced a rainstorm event equivalent to the 1
in 100 year design storm condition or larger, with the greatest intensities concentrated in the central
and southern areas of the City. This storm caused considerable flood damage to private and public
properties. As a result of this event, City Council endorsed a staff recommendation to undertake a City-
Wide Drainage Study. In 2009, Clarifica Inc. completed Phase | of a City-Wide Drainage and SWM Study
for the City. The objective of Phase | Study included:

» To evaluate the existing storm drainage system data, primarily in the urbanized areas of the
City; and,

o To develop a management strategy for flood susceptible areas through comprehensive
mapping and evaluation of the City's existing drainage and SWM.

The primary recommendations from the study were:

« Fill in data gaps and improve the existing drainage data in order to develop a comprehensive
drainage system inventory of the surface and sewer systems throughout the City using a GIS;
and,

o Preliminary assessment of 20 known flooding sites showed that a detailed drainage analysis
was required to assess the level of flood protection and upgrades required to bring these to
acceptable levels.

Figure 1-1 illustrates the City’s boundary and surface drainage areas with higher flood potential
identified in the Phase | Drainage Study which would be subject to assessment in this Phase Il Drainage
Study.

The Phase Il investigations were initiated to improve the existing drainage data in the City and complete
a detailed drainage analysis for seven (7) of the known flooding areas identified in the Phase | Drainage
Study, in an effort to establish accurate levels of flood risk, leading to specific retrofit and/or
remediation recommendations. Thus, this Phase Il Study filled-in some of the data gaps while assessing
solutions at locations prioritized by the City with high flood potential. These locations are contained
within Watershed Areas 1-6 and 8 as shown in Figure 1-1.

The detailed assessments produced as part of this study were completed using a new technique that
uses rapid-model development methods to evaluate the surface and sewer capacities simultaneously.
This technique is known as “micro-drainage”, and it combines GIS data in the form of detailed surface
elevation data, sewer asset data, field verification, and modeling. The approach increases accuracy and
reliability and leads to improved flood protection while reducing implementation costs. This approach
will allow for development of a comprehensive City-Wide Drainage Management System that integrates
geographic and asset information (e.g. sewers, culverts, inlets, catch basins, SWM facilities, channels),
analysis tools (e.g. models, condition assessment criteria, performance criteria), operational tools
(reported flooding, sewer defects) useful for planning and managing growth and infrastructure
maintenance and expansion works.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites

Final Report

1.1. Objectives and Scope
The main objectives of this Phase Il study are:

1) Continue the development of a comprehensive GIS based drainage inventory of the City’s drainage
system by continuing to address key data gaps identified in the Phase | drainage study, including:

« GIS building envelop layer based on recent aerial photography;
« Culverts crossings;

» Bridges and overpasses;

o SWM facilities not currently in the City’s database;

« Drainage facilities and infrastructure owned by other public agencies (i.e., York Region,
Province, Highway 407, Toronto and Region Conservation Authority (TRCA));

» Refinements to existing sewer data in areas where drainage is analyzed in detail; and,
» Refinements to existing DEM in areas where drainage is analyzed in detail.

2) Development of Data Standards for submissions by consultants, agencies or others providing new
drainage infrastructure. The SWMSoft system will be used to create forms and specifications for
data storage and presentation for different types of infrastructure components;

3) Flood Emergency Response Planning (FERP) refinements using the new building envelope
information to establish building’s level of flood protection; and,

4) Develop flood remediation plans for Sites 1-6 and 8 by evaluating the existing drainage performance
in terms of the level of flood protection and by developing the best cost-effective solutions to
upgrade the protection to match the City’s standard. This work includes digital and on-site data
collection and inspections and extensive GIS data processing to develop detailed models of the
areas upstream, within, and downstream of the flood-prone area. Downstream conditions are
necessary to assess potential backwater effects, while upstream conditions affect the flow
contributions to the area. Initially four (4) of the areas modeled will be calibrated using rain and
flow-data collected on-site. The remaining areas will be modeled with the parameters and the
methodology from previous calibration. All sites will be evaluated for causes of flooding and level of
flood protection, remediation options will be evaluated and recommended for each area.
Preliminary design and cost estimates will be provided for the preferred alternatives for each site.

2.0 Drainage System Inventory

A recommendation of the Phase | Drainage Study was that the City should continue to expand the storm
drainage system infrastructure database to allow for effective management of the City’s drainage
system. The following sections describe how various data gaps identified in Phase | have been targeted
in this Phase Il Study. Additionally, this section describes the catalogue of SWM infrastructure provided
by other agencies which are not in the City’s GIS database, this information includes culvert crossings,
bridges and road overpass crossings.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites

Final Report

2.1. Inventory of Existing Storm Drainage Infrastructure

Culvert crossings, bridge and road overpass crossings are key components of both the minor and major
overland stormwater conveyance system. By creating a comprehensive inventory of these structures,
the City will be able to plan inspections, assess their condition, conduct regular maintenance and
repairs, evaluate their capacity, and upgrade or replace as necessary. The capacity assessment will tie
into the flood protection evaluation and planning, including detailed modeling of hydrologic and
hydraulic performance of the surface and sewer systems. This information is necessary to assess flood
potential due to restrictions at the crossings, and also for accurately delineating overland flow paths
using a refined DEM as described in Section 3.1.7.

One (1) source used to identify and fill in data gaps was a qualitative inventory of culverts and bridges
completed in 2010 (GIS layer provided by the City via DVD on May 30, 2011). This inventory provided
qualitative (visual) condition assessments and included the location, date of inspection, name of
inspector and equipment used in the inspection. These inspections did not include testing or
measurements. Figure 2-1 shows the location of these “Municipal Structures”. This inventory was
useful as it identified City’s assets for future planning and assessment. In addition to incorporating this
data into the study, our team also identified existing culverts and bridges found in hydraulic models
created and maintained by the TRCA for the purpose of flood mapping and flood management along
valleys and streams corridors under their jurisdiction. These TRCA crossings are referred to as FVR in
Figure 1-1. These structures are only a fraction of the existing culverts and bridges that make-up the
City’s drainage system. York Region also provided a list of regional bridges and culverts. Similar to the
2010 inventory by the City, this was only a qualitative assessment. Figure 2-2 shows the regional culverts
and bridges in the study area.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites

Final Report

2.2. Filed Inspection — City Wide Crossings

As part of the Phase Il Study field investigations recommended in Phase | were conducted to expanded
the inventory of storm drainage infrastructure by identifying and inspecting culvert and bridge crossings
at various locations in the City. Significant locations were identified using the City’s 2009 air
photography and DEM GIS analysis prior to field investigations. Crossing locations where a watercourse
/ overland flow path crossed a road were identified as a potential bridge or culvert crossing. Field
inspections were carried out at these locations to collect hydraulic information.

Figure 2-2 shows all the bridges and culverts surveyed during this study. During the inspection, each
crossing was geo-referenced with GPS survey equipment and a Hydraulic Inventory form was
completed. A sample of the Hydraulic Inventory Sheet can be found in Appendix A. Information
compiled during the inspection includes:

« Structure type;

« Inverts of inlet and outlet structures;

« Material;

 Shape;

« Size / diameter and span / length of structure;
« Channel width;

o Emergency overland spillway;

» Vegetation; and,

» Presence of erosion, unsafe conditions, nuisance issues, encroachments, poor water quality,
etc.

By creating an inventory of the entire culvert, bridge, and road overpass crossings the existing drainage
network system can be evaluated with a higher level of confidence. This information is critical when
using detailed modeling techniques to assess the performance of the major and minor system in areas
where previous flooding has been reported. Through the survey, previously identified municipal and
regional structures which only had qualitative information now had the hydraulic / quantitative
information associated with that particular structure.

In addition to updating the SWM infrastructure inventory, the purpose of the hydraulic survey was to
account for flow path breaches (i.e. crossings) identified in the Phase | Drainage Study. Breaches are
openings along the surface flow path which occur at culvert and bridge crossings and road overpasses.
These openings have been previously identified as blockages or ‘dams’ by the DEM which do not
account for structures located underneath the existing ground surface. These existing structures allow
flow to continue through the road crossing. This process of accurately defining the overland flow path
and surface drainage system is known as DEM “conditioning.” This is further described in Section 3.1.7.

Further refinement of existing road profile data within the City should be completed through field
investigations and through cross-referencing locations using high resolution aerial photography or LIDaR
technology.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites
Final Report

There are still many un-catalogued drainage structures which should be assessed and included in the
inventory. Undersized or damaged drainage structures can be a source of localized flooding resulting in
complaints from residents, damages to residential and/or commercial property, disruptions to traffic
flow and an increased risk to public safety.

In order to complete the City’s drainage system inventory, it is recommended that the City:

Secure more accurate DEM data, such as from aerial and land-based LIDaR survey sources;

Complete a GIS assessment including sink-fill analysis, data entry, and cataloguing;

Complete a file archive search for storm drainage area plans, plan and profile drawings, SWM
reports; and,

Invest in field verification where required.

This inventory would be tied to the City’s GIS system and would be used by staff as part of a City-Wide
Drainage Management System involved in Master Planning, site development approvals, engineering,
operations, parks, traffic, finance, etc. The City may also decide to selectively share some of the
drainage system information with residents (e.g. rain gauge data, flow analysis data, asset data, etc.) to
increase awareness of the City’s drainage management functions

3.0 Assessing Existing Drainage Systems at Sites 1-6 and 8

An assessment of the existing drainage system was conducted at the reported flooding Sites 1 through 6
and 8 as shown in Figure 3-1. The existing storm drainage system / SWM for Areas 1 through 6 and 8 are
shown on Figure 3-2.

The drainage assessment of Areas 1 through 6 and 8 included data collection, analysis of the sewer
system data, correcting existing data gaps, field assessments, flow monitoring, and the setup of the
Micro-Drainage Model.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites
Final Report

3.1. Data Collection

The following sections describe the results of the data collection, review and preliminary data
processing. Analysis results are discussed later in the report.

The data collected, analyzed, and reviewed as part of this study includes:

« Digital sewer system data;

« DEM data;

« Orthophotography (2007 / 2009 / 2011);

o SWM facility information;

« Land-Use Data including zoning and lot fabric;

« Existing Soils;

o As-built and Plan-Profile drawings;

» Reported Flooding during August 19, 2005 storm event — Summary table;
« August 19 rainfall hyetograph; and,

« Individual SWM Reports for private developments.

3.1.1. Digital Sewer System Data

Development of the detailed Micro-Drainage Model depends on the availability and accuracy of the
digital storm sewer information. The components of the storm sewer network include:

« Pipe Segments (polyline features), including both main sewers and catch basin inlet leads, and
contain attribute data such as: pipe ID, pipe length, slope, upstream invert, downstream
invert, width and height;

« Manholes (point features) which contain attribute data such as manhole ID, width, length, top
elevation, and invert (possibly, the bottom of the manhole); and,

« Inlets / Catchbasins data (point features) containing attribute data such as inlet / catchbasin
ID, width, length, top elevation, and invert (possibly, the bottom of inlet or catch basin
structure).

Storm sewer infrastructure data specific to Areas 1 through 6 and 8 was reviewed to identify the data
gaps and assess the general quality of the digital data. A list of data gaps was prepared and submitted
to the City, listing missing information, reports, and drawings for SWM facilities including super-pipe
flow control storages, oil-grit separators, and on-site controls. Aside from stormwater ponds owned by
the City, most of the missing information was not immediately available. Actions have been
recommended in Section 11.0 of this report for the City’s strategy to collect and review data for input to
the expanded SWMSoft system.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites

Final Report
3.1.2. Data Gaps and Data Errors

Data gaps and potential errors in the data were identified in the existing storm sewer GIS database
sources, a complete list of data gaps and the associated corrections / assumptions can be found in
Appendix B. As documented in the Appendix B, missing manhole inverts, ground elevations, pipe
diameter, pipe slope, and pipe length were consistently identified (e.g. zero diameter, zero length, etc.).
Missing storm sewer segments and catchbasins were identified in most areas. Data gaps were
addressed partially through additional data received from the City and through assumptions using
engineering judgment.

A thorough review was also conducted to identify potential errors in the data by assessing extreme
values such as very steep or very shallow pipe slopes, and pipe dimensions that did not appear to be
consistent with adjoining pipes.

The development of the detailed hydrodynamic model includes the delineation of drainage areas to
each pipe segment. Since the model includes individual pipe segments and manholes, data infilling was
necessary to ensure the model is capable of predicting flood potential within each node (manhole) and
pipe segment.

Major system data gaps, as discussed previously, include the apparent blockages in the surface DEM due
to apparent ‘damming’ of the flow at crossings. The process of DEM conditioning is necessary to
represent the overland flow path by accounting for and allowing the flow to cross the dams. The
analysis of the hydraulic capacity through the crossings, and potential flooding of the road and
structures upstream of these crossings requires an accurate representation of the culvert and associated
inlet and outlet configurations. The re-conditioned overland flow route must also account for partial
blockages due to existing buildings not directly accounted in the DEM.

The City should consider conducting a thorough QA/QC of their sewer infrastructure GIS data including
missing pipe data and missing inlet data throughout the City by cross-referencing their existing GIS data
with digital drawings and, more importantly, from on-going CCTV surveys work and air photography (for
inlets). The regular CCTV surveys, typically conducted for infrastructure condition assessment, should be
specified such that accurate invert elevations of connecting pipes and ground elevations are
simultaneously collected at the manholes. Sewer segments with significant sags should be identified in
the Drainage Management System Database for future operation and maintenance inspection, flushing
and planning sewer system upgrades, particularly when these are located downstream of new
development or redevelopment areas. As indicated previously, the City should also consider LIDaR
survey from air or ground based stations that provide significant added accuracy to the surface survey
data.

3.1.3. Stormwater Management Ponds

In addition to the existing drainage infrastructure, a review of the SWM facilities within the study area
was conducted. The last comprehensive inventory of SWM facilities within the City was conducted in
2004. A total of 53 facilities were surveyed at that time of which 25 are dry ponds and 28 are wet
ponds, hybrid ponds or wetlands. A System Wide Maintenance Software (SWMSoft) was designed to
provide easy access to all the drawings, reports, pictures, inspections and maintenance information
about each facility and component.
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City of Vaughan Phase Il Drainage Study / Flood Vulnerable Sites

Final Report

Currently, the database contains SWM facility information such as (name, type, function, location, etc.)
as well as data referring to its functionality (drainage area, slope, drainage length, etc.). Each of the
facilities is included in the SWMSoft database which is used for operation and maintenance purposes.

Since 2004, the City has continued to update the SWM facility database adding new SWM facility
information as it becomes available. However; there are a number of SWM facilities which do not have
the required information for hydrologic and hydraulic analysis, such as facility size and peak discharge
rate. DEM data and using sink-fill analysis has been utilized to update the sizing information.

3.1.4. Field Inspection / Surveys

In addition to the culvert and bridge crossings that were identified as part of the City-wide field
inspection survey, field data collection was required for Areas 1 through 6 and 8 to capture the
information required for the development of the detailed Micro-Drainage Model upstream, within and
downstream of the flood prone areas. Downstream conditions are necessary to assess potential
backwater effects, while upstream conditions affect the flow contributions to the area.

There three (3) main components of the survey in Areas 1 through 6 and 8 included:

1) Confirm the type, location and size of storm sewer inlets located in public areas, primarily within the
right of ways but also within parks and other publicly-accessed open spaces;

2) Inspection of the number of directly connected roof drains visible from public Right-Of-Ways.
Directly connected roofs are a source of sewer inflow and are critical in assessing the existing
drainage capacity; and,

3) Identifying the presence of reverse slope driveways. Identifying reverse slope driveways is critical in
order to assess potential flood vulnerable areas.

Figure 3-3 shows the locations of directly connected roofs, Figure 3-4 shows locations where there are
reversed slope driveways.

3.1.5. Digital Elevation Model Data

High resolution DEM is important for developing major system drainage paths and evaluating surface
and dual drainage performance. The DEM can be used for establishing preliminary direction of flows
and for drainage area (catchment) delineation. In the absence of surveyed or as-built / design drawings,
the DEM can be used to identify the surface elevation of manholes, measure surface storage, locate
sags, define spill levels, etc. The source data provided by the City were in the format of ground
elevation data points (mass points). The data was then used to create a high definition 1x1 m DEM
raster image used for major system flow path analysis. As is described is Section 3.1.7, further DEM
refinement or “conditioning” was done in order to account for flow breaches.
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Final Report

3.1.6. Building Layer

The Phase Il work included development of a building envelope layer for all the buildings in the City (as
of 2007). This was necessary, among other reasons, because the existing “unconditioned” surface
model (DEM) is used to generate the overland flow path and in some instances, the flow path generated
crosses existing building or structures and must be corrected. The flow path must be re-generated so
that all overland flow occurs at the lowest point in “open” spaces between buildings. Contrary to the
approach to remove culverts and bridges as blockages or breaches in the system, buildings should be
added as obstructions so that the flow path does not go through these structures but rather through
open spaces between or around structures.

The City had provided the regional aerial photography from 2007 and 2009. Upon review, it was
decided that, because of higher resolution, the 2007 air photo would be used to create the building
layer. Using this image, impervious areas represented primarily by rooftops were delineated throughout
the City. Using the building layer the DEM was conditioned so that the buildings were now considered
as blockages preventing the overland flow path from passing through buildings. Figure 3-5 shows the
building layer created.

It is recommended that the City consider expanding the building layer to include new development and
re-development since 2007 using high resolution air photography as it becomes available.

3.1.7. DEM Conditioning

The DEM is source information used in the development of overland flow route. The DEM is a good
indicator of the direction of major overland flow path and is useful in delineating drainage areas. The
Phase | Drainage Study stated that a detailed major system flow path analysis would be required to
condition the DEM such that the analysis would account for “breaches” or “blockages” in the system.
Breaches included road crossings such as bridges and culverts as well as building envelopes. The process
of adjusting the DEM to account for the breaches and improving the hydrologic and hydraulic
functionality is known as “conditioning”. This process modifies the DEM so that the overland flow path
passes through culverts, bridges, and road overpasses and around buildings in standard surface
elevation analysis.

Breaches in the system were accounted for through the City-wide and area specific field investigations
that were conducted as well as the development of a building / roof layer. The information was used to
condition the existing DEM, such that an accurate overland flow path was produced. Figure 3-6 shows
the reconditioned DEM.
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Final Report

4.0 Development of Data Standards for Submissions

As a part of the asset management plan for the City’s SWM infrastructure, standards should be
established for data produced and submitted by engineering consultants for new development areas.
Developing data standards for submissions by consultants for new development applications will be
important for future cost-effective management of the City’s infrastructure assets. The City currently
has data standards for SWM facility submissions. Using the existing template for SWM facility
submission standards, the standards were expanded to include SWM drainage infrastructure such as
culverts, bridges and other road crossings. Appendix C shows the template for data standards for SWM
infrastructure submissions developed as part of this study.

5.0 Flood Emergency Response Planning Refinements

The Phase | Drainage Study identified potential flood vulnerable sites and roads crossings affected by
flooding along rivers and tributaries with the City under various design storms. A Flood Emergency
Response Index (FERI) was developed which provided a flood classification system, based on a ranking of
the highest priority sites. The FERI uses depth of flooding, type of building and land use such as
residential, school, institutional, utilities (e.g. key municipal pumping stations for water and wastewater
drainage, electrical utilities, etc.), commercial / industrial, parking lots, parks, and other uses to classify
flood sites.

The initial river system base map from the Phase | Drainage Study had been prepared from lot fabric
obtained from the City and hydraulic models from the TRCA. A thematic map had been developed by
analyzing the computed water surface elevations at each of the hydraulic model cross section locations
for each return period storm. In the absence of a building boundary GIS layer, property information
(residential, commercial, and institutional) within the floodplain was used with the FERI to prioritize the
severity of flooding. The maps also identify road crossings (bridges and culverts) susceptible to
overtopping under the various return period events. Flood depths are identified for each overtopping
location.

The building layer (building envelope) which was created to condition the DEM was used to update the
FERP / FERI for the City. Previously, the flooding depth or water surface elevation had been associated
with the lowest point on a particular parcel of land and not necessarily the building or structure
associated with that particular parcel of land. With the inclusion of the building envelopes, flood
depths / water surface elevations are now assessed at the building as opposed to the lowest point on a
particular parcel where there may be a high flood depth.

Figure 5-1 through Figure 5-5 show the updated FERP mapping based on the newly created building
layer. The updated FERI tables associated with flood vulnerable properties can be found in Appendix D.
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