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1 Introduction and Background

1.1 Introduction

The Town of Wasaga Beach (Town) has retained the services of Ainley Group (Ainley)
to undertake a Municipal Class Environmental Assessment (Class EA) to identify a
suitable solution for reducing the probability of flooding events in the area of Constance
Boulevard and Thomas Street to Bayswater Drive, particularly in consideration of snow
melt occurrences as well as increased rainfall intensities expected due to climate
change. The current capacity of the side road ditch along Constance Boulevard in this
area is insufficient to contain larger stormwater events and results in flooding.

The study area (Figure 1) is focused around the corridors of Thomas Street, Bayswater
Drive, and the segment of Constance Boulevard that runs parallel to the shoreline of
Georgian Bay.

In 2022, Ainley Group, on behalf of the Town of Wasaga Beach, filed a Notice of
Completion for the Constance Boulevard Drainage Improvements Schedule ‘C’
Municipal Class Environmental Assessment.

Figure 1: Project Study Location
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1.2 Municipal Class Environmental Assessment Process

The Municipal Class Environmental Assessment (MCEA) document (amended 2024) as
published by the Municipal Engineers Association outlines a planning process for
municipalities to follow so as to complete infrastructure projects in an environmentally
responsible manner and in accordance with the Ontario Environmental Assessment Act
(OEAA). Based on the scope of the proposed improvements, a Schedule ‘C’ level of
planning was determined to be required. A Schedule ‘C’ project requires completion of
Phases 1 to 4 of the Class EA process as illustrated in Figure 2, which is generally
comprised of the following tasks:

PHASES 1 & 2

» Inventory the existing environment (physical, natural, social and economic);
= |dentify the problem/opportunity;

= Develop alternative solutions to address the problem/opportunity;

» Evaluate proposed alternative solutions;

= Consult with the public, review agencies, relevant stakeholders; and

= Select the Preferred Solution giving consideration to the evaluation and any
feedback received through consultation.

PHASES 3 & 4
» Establish alternative design concepts to implement the Preferred Solution as
selected at the close of Phase 2;

» Evaluate the impacts of the proposed alternative designs on the existing
environment;

= Consult with the public, review agencies, relevant stakeholders;

» Select the Preferred Design in consideration of comments received;

= Develop a suitable mitigation strategy to minimize potential environmental effects;
» Prepare an Environmental Study Report (ESR) to document the Class EA process;
= |ssue a Notice of Completion followed by a 30-day review period; and

= Address any final comments and conclude the Class EA process.

PHASE 5 — IMPLEMENTATION

= Complete the detailed design; prepare the contract drawings and tender
documents; and proceed to construction.
= Monitor for environmental provisions and commitments.
Consultation is a key component of the Class EA process as it allows various

stakeholders, including members of the public, Indigenous communities, and relevant
review agencies, an opportunity to provide information and feedback for consideration.
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Figure 2: MCEA Planning and Design Process
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1.3 Objective of this Report

The objective of this report is to document the additional information which has been
provided since the Notice of Completion was issued in 2022 for the project which
necessitate consideration of an additional potential solution in comparison to the
originally selected Preferred Solution selected during the Schedule ‘C’ Class EA
planning process. The Notice of Completion, marking the completion of Phase 4 of the
MCEA, was issued on December 21, 2022. This report summarizes a brief history of
the Preferred Solution and Preferred Design Alternative selected during the MCEA
process, the additional studies and analysis which has been completed for areas
located immediately adjacent to the Project Study Location, the additional solution
under consideration, and the evaluation of the environmental implications of this
alternative in comparison to the original preferred solution to demonstrate the decision-
making process leading to the selection of the preferred solution and subsequently the
design solution. Consultation completed during this process is also included. In
accordance with the MCEA, the Class EA Addendum will be made available for a 30-
day public comment period; however, only the proposed changes to the project are
open for review and not the entire project.

1.4 Project Team

The project team involved in the completion of this Schedule ‘C’ Class EA includes the
following:

Proponent: Town of Wasaga Beach
Prime Consultant: Ainley Group

Sub-Consultants: ARA Heritage
Azimuth Environmental Consulting Inc.

2 Planning Policy and this Class EA

This section provides a brief discussion of various land use planning policies and
principles to illustrate the consistency of this project in relation to provincial, regional
and municipal planning goals.

2.1 Provincial Policy Statement (2020)

The Provincial Policy Statement (2020) provides policy direction relating to land use
planning and development in Ontario. Section 3 of the Planning Act stipulates that all
decisions affecting planning matters are to be consistent with the Provincial Policy
Statement (PPS). Policies applicable to this project include the following:

= Section 1.1.1i) “Healthy, liveable and safe communities are sustained by preparing
for the regional and local impacts of a changing climate.”

= Section 1.6.6.7c¢ “Planning for stormwater management shall minimize erosion and
changes in water balance, and prepare for the impacts of a changing climate

Planning Policy and this Class EA Page | 4
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through the effective management of stormwater, including the use of green
infrastructure.”

= Section 1.6.6.7d “Planning for stormwater management shall mitigate risks to
human health, safety, property and the environment.”

= Section 2.1.1 “Natural features and areas shall be protected for the long term.”

= Section 2.1.6 “Development and site alteration shall not be permitted in fish habitat
except in accordance with provincial and federal requirements.”

= Section 2.6.1 “Significant built heritage resource and significant cultural heritage
landscapes shall be conserved.”

As the current project is following a Municipal Class Environmental Assessment process
consideration is being given to the potential to impact the physical, natural, social,
cultural and economic environment prior to selection of the preferred solution. Various
studies have been completed to obtain a better understanding of the existing conditions
of the study area so that impacts can be properly assessed and appropriate mitigation
developed.

2.2 Places to Grow Act (2005)

The Places to Grow Act, 2005 enables the development of regional growth plans that
guide government investments and land use planning policies. A Place to Grow —
Growth Plan for the Greater Golden Horseshoe (2020) is the Ontario government’s
initiative to plan for growth and development in a way that supports economic
prosperity, protects the environment, and helps communities achieve a high quality of
life. This Plan applies to the area designated by Ontario Regulation 416/05 as the
Greater Golden Horseshoe growth plan area, to which the Town of Wasaga Beach is
located.

2.3 Town of Wasaga Beach Official Plan (Adopted 2004, Consolidated Sep. 2021)

Under the Places to Grow Act, regional and municipal Official Plans are required to
reflect the policies of the relevant growth plan. At the municipal level, provincial policy is
implemented through the Town of Wasaga Beach'’s Official Plan document. The Official
Plan guides the decisions of Town Council on land use and construction of public
works. Since the Official Plan has incorporated both the Growth Plan and the PPS,
among others, the reasoning provided in the previous two sections that demonstrate
consistency of this Class EA with those policies can also be applied to the Official Plan.

2.4 Nottawasaga Valley Conservation Authority Guidance Documents

Portions of the project study area are within an area regulated by the Nottawasaga
Valley Conservation Authority (NVCA) and as such, a permit will be required from this
agency prior to construction. The NVCA Planning and Regulation Guidelines (NVCA,
August 2009) is a guidance document that outlines the role of a conservation authority
under the Conservation Authorities Act and the Planning Act. These guidelines provide
direction relating to standards and requirements associated with NVCA approvals.
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2.5 Source Water Protection

The purpose of the Clean Water Act (2006) is to protect drinking water at the source
and to safeguard human health and the environment. It aims to protect existing and
future drinking water sources. It ensures that municipal drinking water supplies are
protected through prevention by the development of a watershed-based source
protection plan. The source protection plans identify vulnerable areas within each
municipality and provide policies to address existing and future risks to municipal
drinking water sources within these vulnerable areas. This project is subject to the
South Georgian Bay Lake Simcoe’s Region Source Protection Plan (SGBLS — SPP)
and is within the Nottawasaga Valley Source Protection Area. Source Water Protection
policy as it relates to this project are specifically discussed further in Section 6.3 of this
document.

2.6 Climate Change

The MECP document entitled “Considering Climate Change in the Environmental
Assessment Process” (2017) provides guidance relating to the Ministry’s expectations
for considering climate change during the environmental assessment process. The
Guide is now a part of the Environmental Assessment Program's Guides and Codes of
Practice. The environmental assessment of proposed undertakings is to consider how a
project might impact climate change and how climate change may impact a project.
Climate Change was considered during the course of this Class EA and is discussed
further in Section 6.7 of this document to include any works for the collection, and
transmission of drainage and storm water.

2.7 County of Simcoe Official Plan (Adopted 2008, Amended December 2016)

The purpose of the County of Simcoe Official Plan (2008) is to provide a policy context
for land use planning taking into consideration the economic, social, and environmental
impacts of land use and development decisions. Section 4.7 of the County’s Official
Plan provides the objectives and policies for the development of municipal sewage
services, as defined in the Ontario Water Resources Act. The County’s objective is to
promote the development of sewage works that facilitate the conservation and
protection of ground and surface water quality and quantity, natural heritage features,
and ecological functions. The County requires that any servicing capability study or
hydrological study must be prepared to the satisfaction of the County and local
municipality in consultation with relevant agencies.

3 Summary of Previous Phases

The problem/opportunity statement was developed during Phase 1 of the MCEA
process as follows:

“The purpose of this study is to identify a suitable solution for reducing the probability of
flooding events in the area of Constance Boulevard and Thomas Street to Bayswater
Drive, particularly in consideration of snow melt occurrences as well as increased
rainfall intensities expected due to climate change. The current capacity of the side road
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ditch along Constance Boulevard in this area is insufficient to contain larger stormwater
events and results in flooding.”

In Phase 2 of the process, the Preferred Solution selected was Option 2 — Create New
Outlet to the Bay through Property at 18 Constance Boulevard. This option included a
new drainage outlet constructed through private residence at 18 and 24 Constance
Boulevard. A new outlet to Georgian Bay would be constructed and the current outlet
would continue to convey the flows from west of Thomas Street along Constance
Boulevard.

Figure 3: Option 2 with Alternative Proposed Solutions

During Phases 3 and 4 of the process, the Preferred Design Alternative selected was
Alternative 1 — Skewed Alignment with a Culvert Extension

The Preferred Design is summarized as follows:

= A concrete culvert installed under Constance Boulevard. The current culvert under
Thomas Street that outlets to the Constance Boulevard ditch will remain in place.

= New concrete box culvert extension 1800 x 900mm (width and height).
= Access road for maintenance would be adjacent to the culvert extension.
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= Total easement width required would be approximately 9.6m for construction, with the
possibility that the easement width could be reduced to 6m post-construction.

Figure 4: Alternative 1 — Overview and Profile Design Concept
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4 Additional Studies Completed for Areas Adjacent to Project Study

A floodplain assessment completed for the property located at 8859 Beachwood Road,
immediately adjacent to the Project Study Area using 2D hydraulic models to
demonstrate how the Regulatory Flood enters and traverses through their subject
property, and how it would ultimately be conveyed to Georgian Bay under existing
conditions was prepared in September 2022. Based on the results of the model it was
determined that the floodplain extents would be expected to expand over a vast area
encompassing both Bayswater Creek and Shore Creek with flood depths varying from O
to 1.3 m, depending on location. The significant extent of this flooding was attributed to
historical development in the area, minimal drainage infrastructure, and the absence of
a defined outlet to Georgian Bay. Based on their review, it was determined that
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analysis of the potential positive impacts of diverting Bayswater Creek, which originates
south of Highway 26, and diverting it through the proposed development area into an
expanded version of the channel to be constructed as part of the West End Public
Works Depot and Water Tower project initiated by the Town to create a defined outlet to
Georgian Bay was merited. A conceptual design was completed to establish the
channel footprint and configuration required to achieve this objective. It was concluded
that implementation of this channel would vastly reduce floodplain extents within their
extended project area, specifically reducing or eliminating seasonal flooding to
residential homes, reduce or eliminate municipal roadway overtopping, and support
current and future development projects through the creation of a low-risk conveyance
mechanism to convey peak flows to Georgian Bay.

The design of the channel was advanced through discussions with the Town and the
Nottawasaga Conservation Authority through March 2024. As a result of these
discussions, the specifics of the solution to convey a Regional peak flow of 8.92 m3/s
consisted of the following:

1. A 1.1km long channel extending from just west of Bayswater Creek draining along
the rear property line of 8859 Beachwood Road, merging with the proposed channel
to be constructed as part of the Town’s West End Public Works Depot and Water
Tower project, approximately 80m south of Beachwood Road, and extending from
Beachwood Road to Georgian Bay along the proposed alignment of the Town’s
proposed channel (as shown on the “SWM Conveyance Channel Area Markup — R1”
drawing prepared by RJ Burnside & Associates Ltd. and included in Appendix A
(Drawing R1)).

2. The dimensions of the channel are expected to consist of a bankfull width of
approximately 18m including a 4m access road, and 5m flat-bottom configuration
including a 1.5 m wide sinuous low-flow channel, approximately 0.3m deep, with
additional wetland features and 3:1 sideslopes through the property at 8859
Beachwood Road to approximately 120m southwest of the confluence with the
future channel to be constructed as part of the West End Public Works Depot and
Water Tower project (as shown on Drawing R1 and the “Beachwood Flood Channel
Enhancement Conceptual Plan prepared by Palmer Environmental Ltd., dated 2023-
11-20, and included in Appendix A (Drawing CON).

3. The channel expands to a bankfull width of approximately 19m, with a 5.4 flat-
bottom configuration and 200mm deep low-flow channel, with all other
characteristics remaining consistent with the upstream segment from the end of
Segment 1 to Beachwood Road as shown on Drawings R1 and CON in Appendix A.

4. Replacement of the existing crossing culvert under Beachwood Road with twin
3000mm span x 1500mm rise concrete box culverts (as shown on Drawing R1 in
Appendix A).

5. These culverts discharge to channel of a bankfull width of approximately 18m with a
4.25m flat-bottom configuration, with all other characteristics remaining consistent
with the upstream channel.

Additional Studies Completed for Areas Adjacent to Project Study Page | 9
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6. The channel profile varies from a profile grade of 0.69 to 1.52% along the entire
length.

7. Flow depths in the channel are expected to range from 1.2 to 1.3 m deep along the
length of the outlet, accounting for flow within the low flow portion.

In addition to the technical analysis for the channel configuration, and in response to
comments by NVCA, a desktop screening of the unevaluated wetland on the 8839
Beachwood Road property, dated February 26, 2024 was completed by Cotyledon
Environmental Consulting which precisely followed the Ontario Ministry of Natural
Resources and Forestry (MNRF) Ontario Wetland Evaluation System (OWES),
Southern Manual, 3" Edition, Version 3.2, 2013 without the usual supporting
documentation or submission to MNRF in support of the Preliminary Scoped
Environmental Impact Study Beachwood Road and Robert Street South revised by
Cotyledon April 11, 2023. The Preliminary Scoped Environmental Impact Study
Beachwood Road and Robert Street South report is attached in the Appendix B. The
intent of this screening was to determine if the unevaluated wetland was ecologically
diverse and complex enough to be considered as a Provincially Significant wetland,
necessitating a greater degree of protection.

Based on their analysis, they concluded that the approximate score, based on the
OWES scoring system, would be expected to be in the order of 245 to 355 (to a
maximum of 68 points in the biological component and 133 in the special features
component), just 20% of the maximum possible score of 1,773 points. A wetland which
scores higher than 600 points in total, or 200 points in either the biological or special
features components meets the criteria for a wetland to be designated as Provincially
Significant. They concluded that the analysis confirmed their assessment in the 2023
study that the wetland was not Provincially Significant and had a relatively low
ecological service value, and as such, the elimination of the wetland would be justified
in addressing the overall flooding issue identified in the expanded area identified in the
floodplain assessment.

5 Evaluation of Proposed and New Solutions Within the EA Project Study
Area

5.1 Evaluation Criteria

Under the Class EA process, evaluation involves the identification and consideration of
the effects of each alternative on all aspects of the environment. The completion of the
evaluation considered a number of factors, which were separated into evaluation
criteria:

» Physical Environment: Increases Capacity to Reduce Flooding, Constructability,
Erosion Potential, Sufficient Grade, Required Footprint, Expected Performance,
Utility Impacts

= Natural Environment: Terrestrial Vegetation (Includes SAR), Wildlife (Includes
SAR), Fish and Fish Habitat, Ground Water

Evaluation of Proposed and New Solutions Within the EA Project Study Area Page | 10



Town of Wasaga Beach
A lnle CONSULTING Constance Boulevard Drainage Improvements

WWYF,[fL':fEER": Schedule ‘C’ Municipal Class EA — Addendum Report
A

= Social and Cultural Environment: Noise, Archaeological, Cultural and Built
Heritage, Property Impacts, Climate Change

= Economic Environment: Construction Costs, and Operation and Maintenance
Costs

A summary of the evaluation results is expressed in an Evaluation Matrix (Table 1). The
Evaluation Matrix provides a means of comparing the effects that each alternative will
generate on the area environment (physical, natural, cultural, social and economic).
Visual markers are used to represent the potential for impact on each of the evaluation
criteria. 4 options were considered during Phase 3 and 4 of the MCEA. As a result, the
new option under consideration is Option 5 - Create New Channel to Redirect Drainage
from Bayswater Creek to West Depot Outlet Channel which is evaluated in comparison
the previously selected Preferred Option which was Design Alternative #1 of Option 2
(Option 2), as described in Section 3.

Legend:

Positive Positive Neutral Neutral Negative Neutral Negative

PN o NN

Green represents the most preferred option, as it will address the key concerns, but
create the least amount of environmental impact. Red is indicative of a least preferred
option as it has a higher potential to impact the environment. A blank space indicates
that the impact is considered neutral. The evaluation of each criterion is described in
more detail in the following subsections.
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Table 1: Evaluation Matrix

EVALUATION OPT OPT
CRITERIA 2 5

PHYSICAL ENVIRONMENT

DESCRIPTION OF IMPACTS

Increases Capacity Option 2 provides the creation of a new outlet to enhance capacity. Option 5 addresses the overall flooding issue in addition to Thomas Constance and can effectively
to Reduce PN P convey the design storm, offering a comprehensive solution to the stormwater management challenges.
Flooding

N Option 2 is deemed feasible for construction but is located within the existing Municipal Road allowance and traverses an existing residential property. Conversely,
Constructability PN P Option 5 presents an advantage over Option 2 since the alignment is primarily through undeveloped properties and follows the proposed drainage outlet channel for the
Public Works Depot and Water Tower site (which has already received approvals), thereby streamlining the implementation process.

Erosion Potential > > Increased erosion is possible where the conveyance route turns. Both Option 2 and Option 5 offer a direct flow pathway without the presence of multiple 90-degree
bends or sharper turns at road intersections.

Sufficient Grade > > Higher grades within the conveyance route facilitate greater capacity. Option 2 follows the natural contours in the area over the shortest pathway, presenting an optimal
choice for grading purposes. Additionally, Option 5 features a large channel ensuring efficient conveyance and alignment with natural topography.

_ _ Option 2 demonstrates commendable efficiency in addressing existing capacity issues, providing an optimal cross-section for improved performance. However, while
Required Footprint Sl PN ' Option 5 offers substantial capacity enhancements, its implementation requires a larger footprint due to the construction of a larger channel, presenting a potential
drawback in terms of land usage.

Expected Option 5 presents a notable advantage with its extensive coverage, offering ample space for efficient maintenance activities. Its superior capacity compared to Option 2
Performance PN x enhances its effectiveness in managing flow diversion. Conversely, while Option 2 demonstrates efficiency, its limited capacity may hinder its ability to adequately
address the required flow diversion, potentially impacting overall effectiveness.

Impacts to Existing NN | PN Option 2 involves proposed work on private property, potentially impacting private utility services. Conversely, Option 5 does not pose any risk to private utility services,
Utilities providing a distinct advantage in terms of project implementation.

NATURAL ENVIRONMENT

Terrestrial
Vegetation NN
(Includes SAR)

The execution of Option 2 may involve the removal of trees, subject to the dimensions of the channel. Conversely, Option 5, characterized by a larger channel size, is
anticipated to necessitate a more extensive removal of trees compared to Option 2.

Wildlife (Includes PN | PN | The woodlot to the east of the project area contains potential habitat for endangered bats. Adherence to the timing restriction window for tree removal under proposed
SAR) Options 2 and 5 will mitigate impacts to individual SAR bats.

While the alignment of Option 2 currently doesn’t intersect with fish habitat constraints, both options entail fisheries considerations. Altering or eliminating the tributary
within the current alignment could result in the harmful alteration, disruption, or destruction of fish habitat. Option 5 is expected to permanently eliminate 360 linear
meters of indirect fish habitat and permanently alter 520 linear meters of direct Coldwater fish habitat.

Fish Habitat
(Includes SAR)

The project area is within a highly vulnerable aquifer zone. Further geotechnical studies will be conducted during the detailed design stage. It is not anticipated that any
Ground Water O O | of the work proposed under the options would impact ground water conditions. There are approximately 10 residential wells located within the study area. Residents are
connected to municipal water.
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EVALUATION OPT OPT
CRITERIA 5 5 DESCRIPTION OF IMPACTS

CULTURAL & SOCIAL ENVIRONMENT
Noise NN | NN

Options 2 and 5 would have temporary noise disturbances due to construction activity. There are numerous residential dwellings in close proximity.

CULTURAL & SOCIAL ENVIRONMENT

Archaeological NN | NN | The work proposed under Option 2 has the potential to impact archaeological resources. Option 5 involves an area comprising a mixture of areas with archaeological
potential and previously assessed lands of no further concern. However, further field investigation is required to confirm.

Cultural and Built | gy | NN | The beach/shoreline is identified as a Cultural Heritage Landscape (CHL), and the construction of a new channel outlet proposed under Options 2 and 5 may have a
Heritage negative impact on the CHL.

Option 2 would have major property impacts to construct a new outlet. The channel can be placed to allow for future severance of this lot and maximizing the
development potential while providing a positive outlet. Option 5 will entail impacts associated with the construction of a larger channel adjacent to future development
lands, commercial businesses, and a new culvert crossing under Beachwood Road, which is owned by MTO.

Property Impacts

Option 2 features a smaller channel compared to Option 5, resulting in less capacity to convey larger storms. Conversely, Option 5 entails a larger channel capable of

Climate Change _ _ : _ _ _
accommodating larger storm events and possessing greater capacity to address climate change considerations

ECONOMIC ENVIRONMENT

Construction Costs | NN = PN | The construction cost associated with Option 2 is lower than that of Option 5. However, Option 2 is funded solely under the Town’s Capital Projects budgets, whereas
Option 5 is funded by various sources including development charges, cost sharing with the developers, and the Town’s Capital Projects budget.

Option 2 includes a culvert that necessitates maintenance. The Town is responsible for maintaining the channel to prevent flooding issues, and the channel itself is

smaller, making it difficult for maintenance purposes. Option 5 will feature a larger open channel, with direct access which is easier to clean and offers better operational
efficiency.

Operating and NN PN
Maintenance Costs

TOTALS

minimum.

PN nThe Options have been ranked using the evaluation of all criteria to select a suitable approach that will address the problem/opportunity but also keep impacts to a
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6 Rationale for the Proposed Changes

6.1 Physical Environment

Option 2 presents an approach focused on creating a new outlet, thereby increasing the
capacity of the existing stormwater management system. By introducing this additional
outlet, Option 2 aims to alleviate pressure on the existing infrastructure and improve the
system's ability to handle stormwater runoff effectively. In contrast, Option 5 takes a
more comprehensive approach to address the broader flooding issues within the area.
This option not only targets the specific problem areas like Thomas Constance but also
encompasses a wider scope, aiming to tackle the overall flooding challenges more
comprehensively.

Option 2 effectively addresses existing site deficiencies through the creation of a new
outlet, making it a feasible solution for construction. However, the improvements are
located within the existing Municipal Road allowance and the new culvert must cross
through an occupied residential property. In contrast, the alignment of Option 5 is
primarily through currently undeveloped properties thereby streamlining the
implementation process.

The potential for increased erosion is a concern where the conveyance route changes
direction. However, both Option 2 and Option 5 mitigate this risk by providing a direct
flow pathway, devoid of multiple sharp turns often found at road intersections. This
streamlined approach minimizes the likelihood of erosion, ensuring the long-term
stability and effectiveness of the stormwater management system.

Higher grades along the conveyance route are crucial for enhancing capacity, and both
Option 2 and Option 5 capitalize on this aspect effectively. Option 2 strategically follows
the natural contours of the area, offering the shortest pathway and optimal grading
solutions. Similarly, Option 5 incorporates a larger channel design, ensuring efficient
conveyance while aligning seamlessly with the natural topography.

Option 2 showcases efficiency in tackling current capacity limitations, boasting an
optimal cross-section that enhances overall performance. However, despite Option 5's
significant capacity improvements, its execution demands a larger footprint due to the
construction of a more expansive channel. This aspect may pose a potential drawback
concerning land usage.

Option 5 presents a notable advantage with its extensive coverage, offering ample
space for efficient maintenance activities. Its superior capacity compared to Option 2
enhances its effectiveness in managing flow diversion. Conversely, while Option 2
demonstrates efficiency, its limited capacity may hinder its ability to adequately address
the required flow diversion, potentially impacting overall effectiveness.

Option 2 entails proposed work on private property, which may result in potential
disruptions to private utility services. In contrast, Option 5 eliminates this risk, as it does
not involve any impact on private utility services. This key difference provides Option 5
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with a notable advantage in terms of project implementation, as it mitigates potential
conflicts and delays associated with utility service disruptions.

Table 2: A Summary of the Technical Considerations for each Drainage Option.

Description Technical consideration

2 Create New Oultlet to the = The new outlet to Georgian Bay would be
Bay through Property at constructed and the current outlet would continue to
18 Constance Boulevard convey the flows from west of Thomas Street along

Constance Boulevard

5 Create New channel that = The proposed channel will flow east in proximity to
redirect Drainage from Highway 26, and then north into the proposed West
Highway 26 to West Depot Depot Channel. The West Depot Channel will flow
Outlet Channel north and outlet into Georgian Bay at a new outlet

location along the shoreline.

= The channel length would be approximately 1.1km
long and consist of a bankfull width of 12.05-13.2m.
The bankfull depth of the channel would be 1.3m,
and the flow-bottom portion of the channel would be
approximately 4.25-5.5m wide.

6.2 Natural Environment

The work proposed under Option 2 may include tree removals dependent on size of
channel. In contrast, Option 5, distinguished by its larger channel size, is expected to
entail a more significant removal of trees compared to Option 2. Additionally, option 5
will remove approximately 1,600m? of direct wetland, impacting the ecosystem's
integrity and biodiversity.

In accordance with the Scoped Environmental Impact Study Beachwood Road Class
EA Update conducted by Azimuth Environmental Consulting, Inc., it has been observed
that the Option 5 study area contains Black Ash trees, which may need to be removed
to facilitate proposed developments. Furthermore, the project will not pose any negative
repercussions on Chimney Swifts or their aerial foraging habitat, ensuring the
preservation of their ecological niche. With the evaluation of the Option 5 study area, it
has been determined that there is a low risk of restricted species occurring within the
vicinity of the proposed project, further affirming the minimal ecological disruption
anticipated. Additionally, no other Species at Risk (SAR) are anticipated within the study
area, highlighting the overall conservation-conscious approach taken in the planning
and execution of the project.

The woodlot situated east of the project area harbors potential habitat for endangered
bats, signifying the ecological significance of the surrounding environment. Adhering to
the timing restriction window for tree removal for proposed Options 2 and 5 is essential
to minimize potential impacts on individual SAR (Species at Risk) bats residing within
this habitat. This proactive measure serves to mitigate disturbance to bat populations
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during critical periods, ensuring their continued protection and conservation within the
project vicinity.

While the alignment of Option 2 currently doesn’t intersect with fish habitat constraints,
both options entail fisheries considerations. Altering or eliminating the tributary within
the current alignment could result in the harmful alteration, disruption, or destruction of
fish habitat. Option 5 is expected to permanently eliminate 360 linear meters of indirect
fish habitat and permanently alter 520 linear meters of direct Coldwater fish habitat. A
copy of the “Scoped Environmental Impact Study Beachwood Road Class EA Update”
can be found in Appendix D.

As per the OWES Evaluation conducted by Cotyledon, as described in Section 4,
wetlands scoring higher than 600 points in total or 200 points in either the biological or
special features components are designated as Provincially Significant. The Beachwood
Road unevaluated wetland received a total score of 355 points, with 68 points in the
biological component and 133 points in the special features component. This score falls
below the Provincially Significant threshold by all measures. Based on a potential
maximum score of 1,773 points, this rating approximates the 20th percentile, indicating
relatively low ecological service value. Moreover, an estimated 8.9 acres of wetland will
dry up following the construction of Option 5 flood diversion channel, with approximately
6.25 acres to be landscaped for wetland habitat restoration. This restoration aims to
enhance functionality by creating habitats suitable for various species, including fish,
waterfowl, and amphibians, which are absent in the existing wetland. Option 5 is
anticipated to yield two significant benefits: mitigating chronic seasonal flooding and
enhancing ecological value through wetland restoration. Although slightly smaller in
size, the restored wetland is expected to offer substantially greater ecological service
value compared to the wetland it replaces. Additionally, observations of SAR species,
such as the Little Brown Myotis and Eastern Wood Pewee, in adjacent existing
woodlands suggest opportunistic foraging near the wetland, though they are not
dependent on existing wetland for breeding, foraging, or staging purposes. A copy of
the “Desktop OWES Evaluation of the Unevaluated Wetland on the Sunray Living
property on Beachwood Road, Wasaga Beach Memorandum by Cotyledon” can be
found in Appendix B.

The project area is within a highly vulnerable aquifer zone. Further geotechnical studies
will be conducted during the detailed design stage. It is not anticipated that any of the
work proposed under the options would impact ground water conditions. There are
approximately 10 residential wells located within the study area. Residents are
connected to municipal water.

6.3 Cultural Environment

The work proposed under Option 2 has the potential to impact archaeological
resources. Option 5 involves an area comprising a mixture of areas with archaeological
potential and previously assessed lands of no further concern. However, further field
investigation is required to confirm.
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A
The beach/shoreline is identified as a Cultural Heritage Landscape (CHL), and the

construction of a new channel outlet proposed under Options 2 and 4 may have a
negative impact on the CHL.

6.4 Social Environment

Options 2 and 5 both would have temporary noise disturbances due to construction
activity. There are numerous residential dwellings in close proximity.

Option 2 would have major property impacts to construct a new outlet. The channel can
be placed to allow for future severance of this lot and maximizing the development
potential while provided a positive outlet. Option 5 will entail impacts associated with the
construction of a larger channel along undeveloped areas which will eventually
potentially include residential homes, commercial businesses, and town right-of-way.

In comparison to Option 5, Option 2 presents a narrower channel, leading to reduced
capability in managing larger storm events. Conversely, Option 5 incorporates a larger
channel, enhancing its capacity to accommodate significant storm events and better
address concerns related to climate change impacts.

6.5 Economic Environment

While the construction cost for Option 2 is lower compared to Option 5, it is exclusively
funded by the Town. In contrast, Option 5's funding is more diversified, with
contributions coming from developers as well as the Town, among other sources.

Option 2's inclusion of a culvert requires regular maintenance by the town to prevent
flooding issues. However, the smaller size of the channel complicates maintenance
efforts. In contrast, Option 5's larger open channel not only facilitates easier cleaning
but also offers improved operational efficiency, presenting a more favorable solution for
long-term maintenance and stormwater management.

6.6 Climate Change

Climate change concerns generally relate to the increased concentration of greenhouse
gases in the atmosphere, which can result in a rise in the global mean surface
temperature. Increased temperatures worldwide are creating changes in climate that is
resulting in extreme weather events.

The rise of greenhouse gas emissions is influencing climate patterns, hydrology,
ecosystems and ocean chemistry. There are two approaches to address climate
change. These include reducing a project’s impact on climate change (climate change
mitigation) and increasing the local ecosystem’s resilience to climate change (climate
change adaptation).

Climate change has the potential to result in increased storm events and intensities that
can lead to flooding. Alternatives were evaluated with respect to how successfully they
would decrease water ponding and flood duration in the area of Constance Boulevard
and Thomas Street to Bayswater Drive. The preferred solution is designed to

Rationale for the Proposed Changes Page | 17



. Town of Wasaga Beach
lnl Ygg;iléggﬁ Constance Boulevard Drainage Improvements

aroursls  PLANNERS Schedule ‘C’ Municipal Class EA — Addendum Report
A ——

accommodate water volumes of up to the Regional (Timmins) storm event level and is
expected to make the area less vulnerable to climate change.

6.7 Selection of the Preferred Design Concept

Considering the comments received during Phase 2, it was determined that the
Preferred Solution is Option 5 — Create New Channel to Redirect Drainage from
Bayswater Creek to the West End Public Works Depot and Water Tower Outlet
Channel. The Design Alternative for this option is based on the configuration
established in the RJ Burnside Floodplain Analysis Study consisting of:

= A 1.1km long channel extending from just west of Bayswater Creek draining along the
rear property line of 8859 Beachwood Road, merging with the proposed channel to be
constructed as part of the Town’s West End Depot project, approximately 80m south
of Beachwood, and extending from Beachwood Road to Georgian Bay along the
proposed alignment of the Town'’s proposed channel (as shown on the “SWM
Conveyance Channel Area Markup — R1” drawing prepared by RJ Burnside &
Associates Ltd. and included in Appendix A (Drawing R1)).

» The dimensions of the channel are expected to consist of varying bankfull width of
approximately 18 to 19m including a 4m access road, and flat-bottom configuration
ranging from 4.25 to 5m wide, including a 1.5 m wide sinuous low-flow channel,
ranging from approximately 0.2 to 0.3m deep, with additional wetland features and 3:1
sideslopes.

= Replacement of the existing crossing culvert under Beachwood Road with twin
3000mm span x 1500mm rise concrete box culverts (as shown on Drawing R1 in
Appendix A).

= The channel profile varies from a profile grade of 0.69 to 1.52% along the entire
length.

= Flow depths in the channel are expected to range from 1.2 to 1.3 m deep along the
length of the outlet, accounting for flow within the low flow portion.

The alignment of the proposed channel for this option flows east in proximity to Highway
26, and then north into the proposed West Depot Channel. The West Depot Channel
will flow north and outlet into Georgian Bay at a new outlet location along the shoreline.

The estimated cost for the design and construction of the Preferred Design is
$1,143,790.00 +HST. Table 3 provides a breakdown of estimated costs for the
Constance Boulevard Drainage Improvements.

Table 3: Cost Estimate

General Work $ 5,300.00
Sediment and Erosion Control Measures $ 17,500.00
Removals $ 95,060.00
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Item Estimated Total ($)

Roadworks $ 89,300.00
Culvert Works $ 695,000.000
Water Management $ 50,000.00
Provisional items (Survey) $ 3,000.00
Channel Work $ 188,630.00
TOTAL $1,143,790.00

7 Consultation

7.1 Notice of Addendum and Public Information Centre

A Notice of Addendum and Public Information Centre was posted on the Town of
Wasaga Beach’s website on May 30, 2024. A mail out to area residents adjacent to the
project study area, relevant review agencies as well as Indigenous communities and
agencies was issued on May 30, 2024 providing notification of the Addendum to the
project and the scheduled Public Information Centre. A copy of the agency mailing list
and copies of all comments received from Ministry are included in Appendix G.

8 Permits and Approvals

The requirement to obtain any permits and approvals during detailed design and
construction remains unchanged and includes, but is not limited to the following:

8.1 Nottawasaga Valley Conservation Authority.

Since work will be completed in the existing floodplain a permit will be required from the
Nottawasaga Valley Conservation Authority to proceed with future development or
construction activities. A copy of the review comments provided by NVCA on
December 1, 2023, along with responses provided by the developer’s consultant have
been included in Appendix C. Based on their review comments to date the NVCA and
the consultant’s responses the following additional information will be provided as part
of detailed design.

= More description regarding the preparation of the PCSWMM model including
catchment boundaries, hydrologic parameters, and IDF data as well as a digital copy
of the model.

= Information regarding the verification of the digital terrain used in the 2D model by the
vendor, calibration detail (topographic vs. LIDAR), as well as digital copies of the
terrain data.

= An updated hydraulic model accounting for the culvert performance under existing
conditions, and a sensitivity analysis, as well as digital copies of the model.

= Additional information regarding expected flooding depths under existing and
proposed conditions.
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8.2 Ministry of Environment, Conservation and Parks

Future consultation with MECP will be required due to presence of Black Ash within the
proposed location of the channel to obtain permission from MECP to mitigate or offset
potential impacts.

Potential need for Permit to Take Water (PTTW) or Environmental Activity and Sector
Registry (EASR).

Approvals for storm servicing will be required and may be completed via the Town’s
Consolidated Linear Environmental Compliance Approval.

8.3 Department of Fisheries and Oceans and Ministry of Natural Resources and
Forestry

A fisheries screening should be completed to establish the requirements for a
submission to the DFO. The MNRF may also require a permit under the Lakes and
Rivers Improvement Act based on works in the water.

8.4 Ministry of Transportation

To accommodate the expected flows in the proposed channel the replacement of the
existing culvert crossing under Beachwood Road with twin 3000mm span x 1500mm
rise concrete box culverts will be required. Beachwood Road is under the jurisdiction of
the MTO and their approval of this proposed modification will be required.

9 Mitigation Measures

The following sub-sections outline the mitigation measures to be considered in the
development of the detailed design for the implementation of the Preferred Design. The
anticipated approvals and permitting requirements are also described.

9.1 Natural Environment

The mitigation measures related to the natural environment are detailed within the
natural heritage report included in Appendix D and summarized below.

9.1.1 Species at Risk

It is the responsibility of the proponent to ensure that they are not in contravention of the
ESA at the time that site works are undertaken. A review of the assessment provided in
the natural heritage report should be sufficient to provide appropriate advice at the time
of the onset of future site works.

9.1.2 Migratory Breeding Birds and Bats

A general survey screening should be completed for the presence of ‘snag’ trees with
potential to provide refuge and maternity roosting habitat for bat species listed as
Endangered under the Endangered Species Act (ESA).

Tree removal be avoided during the active period for bats and breeding birds that
occurs during the early spring through later summer months. As such, tree removals
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should be avoided between April 1 and September 30 to avoid potential impacts to
maternity and/or day roosting bats.

If vegetation clearing is required within the date range above, it is recommended that
screening by an ecologist with knowledge of bird and bat habitat be undertaken to
‘screen’ trees, and confirm absence of nesting/roosting.

Tree cutting should occur within 48 hours of confirmation of nest/roost absence, and if
nesting/roost occurrence is confirmed, vegetation removal should not occur until
fledglings have vacated prior to clearing to avoid contraventions of the MBCA and ESA.

Workers should be instructed to stop work and contact the MECP immediately if any
SAR are encountered within the work area. Individuals working on site should ensure
that SAR are not harmed during construction or killed by heavy machinery, vehicles or
other equipment.

The contractor should educate all site personnel to ensure that, if identified, the SAR
are not wantonly injured or killed, and to ensure that damage to features which could
constitute habitat is avoided. Information should be conveyed through a SAR expert.

9.1.3 Sediment and Erosion Controls

Diligent application of sediment and erosion controls is recommended for all future
construction activities to minimize the extent of accidental or unavoidable impacts to
adjacent vegetation communities and wildlife habitat. Prior to the commencement of
site works (including tree removals) silt fencing should be applied along the length of
directly adjacent natural or naturalized features, and routine inspection/maintenance of
the silt fencing should occur throughout construction. It is recommended that erosion
and sediment controls be maintained until vegetation is re-established post-
construction.

9.1.4 General Operations

All maintenance activities (including refueling) required during future construction should
be conducted at least 30m away from natural features to prevent accidentals spillage of
deleterious substances that may harm natural environments. Snow fencing or
equivalent should be installed at the limit of the work area to prevent the accidental
intrusion of machinery operations into adjacent undisturbed natural areas. The
contractor is recommended to have a Contaminant and Spill Management Plan in place
prior to initiation of works. This should include keeping an emergency spill kit on site at
all times. In the event of a spill, the contractor must report it immediately to the
provincial Spills Action Centre (SAC).

9.1.5 Fish and Fish Habitat

A fisheries screening should be completed to establish the requirements for a
submission to the DFO. The MNRF may also require a permit under the Lakes and
Rivers Improvement Act based on works in the water for the diversion of Bayswater
Creek.
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The following minimum mitigation measures should be applied to avoid any potential
impacts to the watercourse and aquatic habitat:

= The construction of the outlet channel should be constructed in the dry as much as
possible with the diversion of Bayswater Creek occurring once the vegetation in the
proposed outlet channel has been established.

= Should any fish be observed when the diversion of Bayswater Creek is expected to
proceed, a fish salvage shall be completed by a qualified ecologist under an MNRF
Licence to Collect Fish for Scientific Purposes.

= Appropriate sediment and erosion control measures should be implemented between
any stockpiled materials and the water, and exposed soils should be stabilized with
vegetation where possible.

= Diligent application of ESC measures is recommended for all future construction
activities to minimize the extent of accidental or unavoidable impacts to adjacent or
downstream fish habitat. Prior to the commencement of site works, sediment fence or
filter socks should be installed. Routine inspection/maintenance of the ESC measures
should occur throughout construction. It is recommended that ESC measures be
maintained until vegetation is re-established post-construction.

= All site disturbance should be minimized to the extent possible and riparian vegetation
should be enhanced where feasible.

= All stockpiled material on site should be stored a minimum of 30m from any fish
habitat features and be protected with appropriate ESC measures, such as sediment
fence and/or tarps. Disposal of excess or waste material should occur in a timely
fashion to minimize risk of entry into fish habitat features

= Re-fueling and the maintenance of construction equipment should be completed away
from water to minimize the possibility of water and sediment contamination.

= All on-site fuel oils and chemicals should also be stored at least 100m away from
surface water.

= Should there be any dewatering requirements that require a permit to take water, the
MECP will have to review and approve the permit before local approvals can be
issued.

9.2 Archaeological and Cultural Heritage Resources

The mitigation measures related to the archaeological and cultural heritage resources
are detailed within the reports included in Appendix E & F and are summarized below.

= All areas of archaeological potential that could be impacted by the project be subject
to a Stage 2 property assessment in accordance with Section 2.1 of the 2011 S&Gs.

= In the event the following situations are encountered during construction, the
contractor should be advised to stop work immediately and take the appropriate
actions as noted below:
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a) Should previously unknown or unassessed deeply buried archaeological
resources be uncovered, they may be a new archaeological site and; therefore,
subject to section 48 (1) of the Ontario Heritage Act. The proponent or person
discovering the archaeological resources must cease alteration of the site
immediately and engage a licensed archaeologist to carry out archaeological
fieldwork, in compliance with section 48 (1) of the Ontario Heritage Act. The
Ministry of Tourism, Culture and Sport should be notified immediately at
archaeology@ontario.ca

b) In the event that human remains are encountered, the proponent or person
discovering human remains must immediately notify the police or coroner and the
Registrar of the Bereavement Authority of Ontario at 647-483-2645 or 1-807-468-
2450.

= Construction activities, staging areas, and temporary signage are to be suitably
planned and undertaken to avoid impacts to identified cultural heritage resources.

= Should future work require an expansion of the study area, a qualified heritage
consultant should be contacted in order to confirm the impacts of the proposed work
on identified cultural heritage resources and confirm if a Heritage Impact Assessment
is required.

9.3 Utilities and Servicing

On-going consultation with utilities is recommended during detailed design and
construction of the project to ensure that any concerns are addressed.

10 Monitoring

Information pertaining to required mitigation and monitoring will be incorporated into the
Construction Documents once the detailed design has been finalized. Monitoring will be
conducted by on-site construction staff to make certain that environmental protection
measures are being implemented and are effective. The Contract Administrator will
make certain that environmental protection measures and monitoring, as identified, are
implemented during construction and that any repairs to protection measures will be
made in a timely fashion.
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Disclaimer

Other than by the addressee, copying or distribution of this document, in whole or in
part, is not permitted without the express written consent of R.J. Burnside & Associates
Limited.
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1.0 Project Overview

R.J. Burnside & Associates Limited (Burnside) has been retained by Sunray Group to
complete a 2D Floodplain Study to determine the extents of the existing Regulatory
Floodplain within 8859 Beachwood Road (site), located between Collingwood and
Wasaga Beach.

This Report has been prepared to outline the methodology used in the preparation of the
Hydrological and 2D Floodplain Hydraulic Modelling associated with the

8859 Beachwood Road property (site). The 2D Floodplain Hydraulic Modelling
contained in this report has also been extended outside the limits of the site to gain an
understanding of how Regulatory Flood flows enter the site, drain through the site and
how they are ultimately conveyed to Georgian Bay under existing conditions. The
broader complete footprint of the floodplain analysis will be referred to as the study area
for the remainder of this report.

The site is shown in Figure 1 below. The Sunray Group was in the process of obtaining
the parcel of land adjacent to the east of 8859 Beachwood Road, and as such, it was
included within the study scope. We note this is no longer the case, and the parcel is to
remain owned by the Ministry of Transportation (MTO), referred to below as MTO Lands.

Figure 1: Site Map
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2.0 Project Area

The study area is located within the Town of Wasaga Beach (Town). The project limits
are bound to the north by Georgian Bay, to the south by the Highway 26 Bypass, to the
west generally by Fairgrounds Road and 45" Street to the east. The study area is also
located within the Nottawasaga Valley Conservation Authority (NVCA) watershed. The
study area is outlined in Figure 2 below.

Figure 2: Study Area
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3.0 Background Information
3.1 Reference Material and Studies

A number of specific references have been accumulated and applied to complete the
hydraulic modelling of the site and study area. The following list highlights the key
information used in developing our hydraulic model.

e The MTO Intensity-Duration-Frequency (IDF) rainfall tool was used to derive rainfall
data for the study area. This rainfall data was further used to develop a hydrological
model and verify peak flows values used in the floodplain analysis. Applicable
hydrologic reference material has been provided in Appendix B.
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o Topographic LIDAR mapping of the study area was acquired from the Town in the
spring of 2021. A topographic survey of the site was completed by JoeTOPO in
January 2020, August 2021 and January 2022. The topographic survey was
completed to obtain detailed ground elevations, detailed roadway elevations and
culvert information within the site. Specific culvert information obtained at each
structure includes inverts, obverts, guardrail and roadway elevations, crossing
materials and overall dimensions. The topographic survey includes both the site and
the adjacent MTO Lands. The LIDAR information has been complemented with
topographical information within the property limits of the site to create an overall
surface of the study area for use in the 2D hydraulic floodplain model.

The following background reports have been referenced in the preparation of this report:

o Drainage, Hydrology and Stormwater Management Report, Preliminary Design,
Highway 26 new Alignment between Collingwood and Wasaga, Delcan,
July 3, 2009.1

e Drainage Update of Existing Highway 26, Existing Highway 26 between Collingwood
and Wasaga Beach (Huronia to Mosely Street), Delcan, September 2013. 2

3.2 Preliminary Hydraulic Modelling and Discussions

In 2013, Burnside was originally retained by the previous owner of

8859 Beachwood Road to undertake a floodplain analysis within the site. Between 2013
and 2018 Burnside completed preliminary investigations to understand key hydraulic
characteristics such as land use, drainage routes, roadways, culvert crossings and other
relevant hydrologic / hydraulic characteristics associated with the site. During the
preliminary analysis Burnside was in direct contact with the NVCA.

Through discussions with the NVCA, it was noted that two drainage features, known as
Baywater Creek and Shore Creek, drain through the west and east portions of the site
respectively. The NVCA agreed that while the drainage features have names for
reference perspectives, both features lack defined geometry. Prior to this report being
written, formal Regulatory floodplain mapping had not been completed by the NVCA and
was therefore not available for reference during this study.

A preliminary floodplain hydraulic analysis was developed using limited survey and
contour data with a 1D HEC-RAS hydraulic model. It was apparent early on in the
project that, given the absence of a defined flow path through the site and flat
topography, a 1D HEC-RAS hydraulic model would not accurately depict the flood plain
extents. Burnside discussed the limitations of using a 1D HEC-RAS hydraulic model
with the NVCA. For reference, a 1D hydraulic model calculates a flow depth in a single
direction. A 2D hydraulic model calculates flow depth in two or more directions at a time.

' Drainage, Hydrology and Stormwater Management Report, Preliminary Design, Highway 26 new
Alignment between Collingwood and Wasaga, Delcan, July 3, 2009.

2 Drainage Update of Existing Highway 26, Existing Highway 26 between Collingwood and Wasaga Beach
(Huronia to Mosely Street), Delcan, September 2013.
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While 1D hydraulic modelling is generally applicable in many floodplain modelling
projects, it was agreed by both Burnside and the NVCA that the floodplain within the site
and study area would be best delineated using a 2D Hydraulic model. Accordingly,
Burnside has proceeded with the 2D floodplain modelling presented in this report to
delineate Regulatory floodplain extents for both Baywater Creek and Shore Creek.

3.3 Historical Flooding within the Study Area

In direct discussions with the Town since the inception of the project, the Town has
indicated that a number of locations within the study area, between Beachwood Road
and Georgian Bay are known to experience flooding during spring runoff events. At the
time of writing of this report, the Town was in the process of completing an
Environmental Assessment (EA) to “find a solution to reduce the probability of flooding,
particularly snowmelt, as well as the increase in the number and intensity of rainfall
events due to climate change™. The EA study area includes both Thomas Street and
Constance Boulevard which are both included in the study area for this project.

Figure 3 below illustrates historical flooding experienced within the Thomas Street
right-of-way.

Figure 3: Thomas Street Historical Flooding*
- j‘ Eas ") | P —

1

3 Quotation “Environmental Assessment”, Town of Wasaga Beach. Environmental Assessment proposes new drainage
channel for west-end Wasaga Beach neighbourhood, new channel would address persistent flooding issues on
Constance Boulevard.

4 https://www.thestar.com/local-wasaga/news/2022/03/21/environmental-assessment-proposes-new-drainage-channel-
for-west-end-wasaga-beach-neighbourhood.html
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Through past discussions with the Town and through work experience on past drainage
projects within the vicinity of the Thomas Street and Constance Boulevard rights-of-way,
Burnside has firsthand experience with the historical flooding. It is noted that the
majority of flooding experienced to date in these areas occurs during spring freshet flows
when snow and ice accumulation blocks a number of natural drainage pathways.
However, we do note that existing drainage capacities within this area are limited and
would be subject to flooding in major system events.

Knowing that these areas have experienced historical flooding, this information has been
used where possible to aid in the validation of the 2D hydraulic model.

In regards to the site, multiple discussions with both current and previous landowners of
the site and the Town have occurred. While it is known that flows from both

Baywater Creek and Shore Creek drain through the site, there is no knowledge of
historical peak flows exceeding the capacity of the Beachwood Roadway culverts
abutting the north limits of the site. This information has been used where possible to
aid in the validation of the 2D hydraulic model.

3.4 Historical Drainage Patterns

Noting the NVCA has identified two drainage features within the site, it is also
understood that development within the project area has influenced the overall drainage
patterns throughout the years. Figure 4 below of the project area from Simcoe County
GIS mapping has been referenced. The historical aerial image was taken in 1954,

Figure 4: 1954 Aerial Image
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3.4.1 Location A

Location A refers to the location where peak flows enter the southern limits of the site.
While recognizing that the Highway 26 By-Pass did not exist in 1954, peak flows in 1954
entered the southwest limits of the site in a similar fashion to current day. However, as
the Highway 26 By-Pass did not exist, the 1954 watercourse location only delivered
flows to the west limits of the site. In the current day condition, the Highway 26 By-Pass
spreads the same flows over multiple culvert locations whereby permitting major system
flows to spread across the site. In 1954, the drainage area contributing runoff to
Location A was primarily comprised of agricultural lands. This is similar to current day
conditions. With the exception of increased rainfall volumes due to climate change, it is
assumed that runoff conditions from 1954 to current day at Location A are generally
maintained.

3.4.2 Location B

Location B refers to the location where peak flows enter the Beachwood Road (former
Highway 26) right-of-way limits at the northwest limits of the site. Similar to current day,
peak flows were conveyed from the south limits of the site towards the west property line
and further to the upstream limit of Beachwood Road (former Highway 26). In the 1954
aerial photo, it appears as those peak flows, once in the right-of-way, were conveyed
east rather than crossing under the roadway. It is unknown whether Culvert 10 was
present in 1954. Figure 5, again referenced from Simcoe County GIS mapping, shows
the 2018 aerial image which is comparable to current day conditions in 2022.

Figure 5: 2018 Aerial Image
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Current day conditions show that peak flows exit the western limits of the site and are
conveyed through two channels (which appears to be man-made) to the upstream limits
of Culvert 10. These two channels are either not present or clear in the 1954 aerial
image. These two channels permit peak flows to be conveyed through Culvert 10.
Based on detailed discussions with the Town, we understand that private residences on
Thomas Street and Constance Boulevard experience regular flooding during spring
freshet and major system peak flows. While the construction of these two channels may
have been well intended at the time of construction, the construction of these two
channels may have contributed to increased flooding downstream of Beachwood Road.

343 Location C

Location C refers to the location where peak flows are conveyed east within the
Beachwood Road right-of-way and are conveyed through Culvert 11.

In 1954, once peak flows reached the south limits of Beachwood Road, flows were
directed approximately 300 m east and conveyed under Beachwood Road. This is
similar to the Culvert 11 culvert crossing as identified in the Delcan SWM report.
Downstream, or north of Beachwood, peak flows in 1954 were conveyed north and
ultimately discharged to Georgian Bay.

344 Historical Aerial Imagery Review Summary

Based on the direct comparison of the 2018 and 1954 aerial images, it is apparent that
non-natural processes have influenced drainage patterns within the project area. While
these drainage revisions may have been well intended at the time of construction, it is
our view that these drainage revisions have diverted peak flows away from the natural
outlet of Georgian Bay and may have directed these flows towards residential areas
whereby increasing flood risk.

4.0 Hydrology

4.1 Hydrology Background and Modelling References

In 2013 during the preliminary hydraulic investigations for the site, the NVCA provided
Burnside with a Regional Flow value of 8.49 m3%s. This flow was referenced from the
NVCA regionalization hydrological modelling. The NVCA indicated that this flow may be
used as a starting point, however, should be verified through refined hydrological
modelling specific to the site and study area. The NVCA did not have peak flow values
for the 2 to 100-year peak flow events at that time. Accordingly, the development of a
hydrological model to determine peak flow values was required.

In the preparation of a hydrological model for the site and study area, the 2009 and

2013 Stormwater Management and Drainage Reports completed by Delcan, as outlined
in Section 3.0, were reviewed in detail. From the Delcan reports it was determined that
the Hydrologic Reference Points (HRP), HRP-14 and HRP-16 are applicable to the site

R.J. Burnside & Associates Limited 300052877.1000
052877_8859 Beachwood Road 2D Floodplain Hydraulic Report_220902



Sunray Living Inc. 12
8859 Beachwood Road

West End Existing Floodplain Analysis

September 2, 2022

and study area and have therefore been referenced for further consideration. The
catchment area drawing and the peak flow summary tables from the Delcan 2009 Report
have been included in Appendix A.

The Ontario Flow Assessment Tool (OFAT) from the Ministry of Natural Resources and
Forestry (MNRF) has been utilized to review peak flows via the Flood Flow: Index Flood
Flow Method with EPA (Moin and Shaw 1985). The output from the OFAT has been
included in Appendix A.

The NVCA Regional Flow, the Delcan Flows and the OFAT flows provide a useful
comparison to the hydrologic model developed in this report.

4.2 Burnside PCSWMM Hydrological Model

A hydrological model using PCSWMM was developed by Burnside for further reference
and examination, by comparison, to the flows in the Delcan Report and as calculated by
OFAT.

PCSWMM, produced by Computational Hydraulics International, is a spatial decision
support system for the EPA SWMM5 urban drainage and watershed modeling software.
SWMM is described by the EPA as:

“The EPA Storm Water Management Model (SWMM) is a dynamic
rainfall-runoff simulation model used for single event or long-term
(continuous) simulation of runoff quantity and quality from primarily urban
areas. The runoff component of SWMM operates on a collection of
subcatchment areas that receive precipitation and generate runoff and
pollutant loads. The routing portion of SWMM transports this runoff
through a system of pipes, channels, storage / treatment devices, pumps,
and regulators. SWMM tracks the quantity and quality of runoff generated
within each subcatchment, and the flow rate, flow depth, and quality of
water in each pipe and channel during a simulation period comprised of
multiple time steps (EPA, 2004).”

To develop the PCSWMM model, the following information has been referenced:

e Catchment Area: Produced by the NVCA using NVCA DEM data.

e Soils Conditions: Derived from the Simcoe County Soils Map.

o Land Use Patterns: Based on orthophotography, GIS ArcHydro and field
reconnaissance.

¢ Rainfall Data — The 24-hour SCS Type-Il rainfall distribution was used for the 1:2,
1:5, 1:10, 1:25, 1:50 and 1:100-year Storm Event calculations. The Regional Storm
Event was based on the Timmins Storm. The SCS storm distributions were based
on the MTO Intensity-Duration-Frequency (IDF) curve tool.

R.J. Burnside & Associates Limited 300052877.1000
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Table 1 outlines the hydrologic results of the PCSWMM modelling developed to the
upstream limits of the Highway 26 by-pass within the Baywater Creek watershed.

Table 1: Burnside PCSWMM Peak Flow Summary

Storm 2-year 5-year 10-year | 25-year | 50-year | 100-year | Regional
Event (m?/s) (m?/s) (m?/s) (m?/s) (m?/s) (m?/s) (md/s)
Burnside
PCSWMM 0.52 0.77 1.09 1.70 2.27 294 8.92
4.3 Peak Flow Summary Comparison Commentary

Table 2 compares the peak flows from the various hydrological methods detailed above,
to the upstream limits of the Highway 26 by-pass within the Baywater Creek watershed.

Table 2: Baywater Creek Summarized Peak Flows

OFAT Delcan Delcan NVCA Burnside
Interval Index Flood 4 HRP-16 Regional PCSWMM
(m3/s) (m?3/s) (m3/s) (m?3/s) (m3/s)
2 0.65 14 0.3 0.52
5 0.86 25 0.5 0.77
10 1.06 3.4 0.7 1.09
25 1.28 4.6 1 1.70
50 1.56 5.4 1.2 2.27
100 1.8 6.5 1.5 2.94
Regional 8.49 8.92
Area (ha) 3443 212.44 29.89 259.35 259.35

As shown above, there is a difference in the overall catchment area based on the
various hydrological methods listed above. The overall Baywater Creek catchment area
is generally quite long in relation to its width. Accordingly, small changes in catchment
width over long distances will impact the overall catchment footprint. To this end, itis
noted that the drainage area associated with the Delcan HRP-14 and HRP 16 totals
242.33 ha (212.44 ha + 29.89 ha) is relatively close to the NVCA catchment area of
259.35 ha. In direct comparison, it is also noted that the catchment area delineated by
OFAT is larger than both the Delcan and NVCA drainage areas. The differences in
drainage areas can be attributed to the relative flat topography contained within the
watershed upstream of Sideroad 33 & 34. This relatively flat topography, coupled with
low resolution topographic contour data available, increases the chances of variability
between hydrological methods.

The NVCA drainage area of 259.35 ha has been carried forward for further analysis and
validation. Refer to Section 8.0 for further discussion on the drainage area.
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Both the site and study area are located within the Nottawasaga Valley Conservation
Authority (NVCA) regulated area. The NVCA resides within Zone 3 of the Flood Hazard
Criteria Zones of Ontario and Conservation Authorities, as referenced from the MNRF
Technical Guide — Rivers and Stream Systems: Flooding Hazard Limit. The Regulatory
Storm is the greater of the 100-year peak flow or Timmins Storm. Therefore, it is
imperative to determine what storm event, 100-year peak flow or Timmins Storm is the
Regulatory Storm event.

Neither the Delcan report, nor OFAT contain the Timmins Regional peak flows for direct
comparison. The PCSWMM Timmins Regional Peak flow of 8.92 m3/s is relatively close
to the NVCA Timmins Regional Peak flow of 8.49 m?¥s. Therefore, it is assumed that the
Timmins Regional modelling run, and the associated hydrological parameters used in
the PCSWMM hydrological model are reasonable. Therefore, the Timmins Regional
Peak flow of 8.92m?3/s has been used for further analysis.

In comparing the 100-year peak flow values, stark differences between the OFAT,
Delcan and Burnside PCSWMM modelling runs have been noted. The OFAT tool has
produced a 100-year peak flow value of 1.8 m%s, Delcan has produced a 100-year peak
flow of 8.0 m%s (100-year HRP-14 + 100-year HRP-16) and finally, the PSWMM model
has produced a 100-year peak flow of 2.94 m3¥s. However, in all cases, it is noted that
all three flow values are less than the Timmins Regional Peak Flow value of 8.92 m?/s.
Therefore, the Timmins Regional storm event has been determined to be the Regulatory
Storm event for the study area.

With regards to the 100-year peak flows, based on historical experience, deterministic
HYMO based modelling has a tendency to overestimate peak flow rates. Conversely the
OFAT tool has been observed to underestimate peak flows. For this project, measured
historical peak flow rates in the field are not available to verify the accuracy of the
modelled flows being produced. That said, it is anticipated that the actual 100-year peak
flow rate experienced in the field would likely reside between the OFAT and Delcan
Peak flow rates. Accordingly, the PCSWMM 100-year peak flow rate of 2.94 m%s has
been used for further analysis. In selecting this flow value, neither flow extreme has
been used. Additional commentary on the validity of the flow assumptions has been
provided in Section 8.0.

The overall sub-catchment watershed area plan and supporting hydrologic calculations
are in Appendix B.
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5.0 Topographic Information
5.1 Base Mapping

Topographic base mapping was acquired from the Town of Wasaga Beach. The base
mapping includes two feature classes; a regular grid of mass points spaced 20 meters
apart, and breaklines, manually captured features denoting an abrupt change in
topography (such as ridges, roadside ditches, watercourses, etc.).

LIDAR mapping used in the preparation of this project. Figure 1 in Appendix A shows
the limits of the LiDAR data as contours. The processed LiDAR data has been included
digitally in Appendix E for reference.

5.2 Field Reconnaissance and Topographic Survey

Site investigations were conducted by Burnside to verify hydraulic structures, the shape,
surface characteristics and degree of maintenance of drainage features, as well as the
terrestrial cover of the drainage course and floodplain area within the study limits.

A topographic survey was conducted by Joe Topo in January 2020, August 2021, and
January 2022. The topographic surveys were completed specifically to obtain detailed
ground elevations within the site as well as detailed roadway, ditch, and culvert
information. Specific culvert information obtained at each structure includes inverts,
obverts, guardrail and roadway elevations, crossing materials and overall dimensions.

5.3 Ground Truthing

As LIDAR data may often reside within a vertical tolerance of 0.1 to 1 m higher or lower
when compared to topographic survey elevations, a ground truthing analysis is required.
Ground truthing is a vertical elevation comparison between survey and LIDAR
topographic information.

As ground elevation comparisons can be subjective due to the exact location to where
the elevations are compared, the centerline elevation profile of Beachwood Road within
the study area in the vicinity of the site has been used as a reference between both the
survey elevations and LIDAR information. A total of 10 random spot elevations have
been compared. Negligible elevation differences between the LIDAR data and
topographic survey data have been observed. Therefore, the LIDAR data has not been
adjusted to match topographic survey elevations.

54 Composite Base Map

Using the acquired LIDAR data and topographic survey information, both data sets have
been combined into a composite base map for further use in the 2D Floodplain Hydraulic
Model. In areas where topographic survey data is available, the topographic survey data
has taken precedence in the composite base map.
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6.0 SMS 2D Hydraulic Model

The SMS 2D hydraulic model, produced by Aquaveo, has been used to determine the
floodplain extents for the study area. The SMS 2D hydraulic model is described by
Aquaveo as:

“SMS (Surface-water Modeling System) is a complete program for
building and simulating surface water models. It is a graphical user
interface and analysis tool that allows engineers and scientists to
visualize, manipulate, analyze, and understand numerical data and
associated measurements. Many of the tools in SMS are generic. They
are designed to facilitate the establishment and operation of numerical
models of rivers, coasts, inlets, bays, estuaries, and lakes. It features 1D
and 2D modeling and a unique conceptual model approach.”

6.1 Hydraulic Modelling Assumptions

The construction of the SMS 2D hydraulic model consists of a compilation of a number
of key parameters. The following commentary outlines the key parameters and
assumptions used in building the hydraulic model.

6.1.1 DEM Data

The first step in developing the SMS 2D model is to import elevation data into the model.
The elevation data provides the building blocks on which the entire 2D model is built
upon. The elevation data for this model was derived from the composite base map,
which includes both LiDAR data and topographical survey data. The topographical
elevations of the composite base map were exported from AutoCAD Civil 3D as a Digital
Elevation Model (DEM) file to import into SMS 2D. The DEM is used internally within
SMS 2D to interpolate elevations to other data types including meshes and grids. The
DEM imported into the SMS model is shown in Figure 3 in Appendix A.

6.1.2 2D Mesh

The next step in the SMS process is to develop the mesh. A SMS mesh consists of
nodes that are grouped together to form elements. Nodes are the basic building blocks
of elements in a mesh. A node consists of northing and easting coordinates with an
associated elevation. The mesh created for the study area contains a sufficient number
of mesh nodes within roadway allowances to ensure model stability and accuracy. The
mesh was drawn to encompass the study area but was further broken down into various
polygons throughout the study area to allow for greater node density in critical locations
of the study area, while allowing for a broader definition in locations that did not need as
high of accuracy. This was done to improve processing time of the model without
sacrificing accuracy where needed. For example, a mesh polygon was defined around
the site, Highway 26 ditches and the Beachwood Road ditches at a node spacing of

R.J. Burnside & Associates Limited 300052877.1000
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10 m. Conversely, the southern most portions of the study area have been defined with
a 25 m node spacing as this space is fairly flat farmland.

6.1.3 2D Mesh Polygons

A polygon coverage is a mesh property within SMS 2D that describes how SMS should
generate nodes and connect these nodes to elements. Once the mesh outline was
drawn in SMS and the node spacing was defined, the mesh polygon coverage was
assigned. The patch mesh coverage has been selected for the Beachwood Road right-
of-way and the Highway 26 right-of-way (including both the roadway and the ditches),
while the paving mesh coverage has been selected for use in the remaining open areas
of the floodplain, including the site. Figures 6 and 7 below illustrate the patch and
paving mesh polygon coverage types. The location of the polygon coverages used
throughout the model is shown in Figure 4 in Appendix A.

Polygons can be assigned bathymetry data and material information that will be used in
conjunction with the mesh to produce 2D floodplain results. In this case, the elevations
from the DEM of the composite base map have been assigned to the mesh nodes.

Figure 6: Patch Mesh Coverage
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Figure 7: Paving Mesh Coverage
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6.2

Buildings within the Floodplain

A total of approximately 500 buildings are present within the study area. Buildings within
the anticipated Regulatory Floodplain occupy a parcel of topography which is
impenetrable by peak flows. Accordingly, peak flows approaching the building footprint
would be diverted to either side of the building. It has been assumed that flows would

not enter or otherwise flow through the buildings within the study area.

To create an impenetrable barrier, the building footprints within the SMS 2D model have
been removed from the 2D mesh. This is illustrated in Figure 8 below by the yellow
polygons, which represent areas where “no mesh type assigned” which means the area

has been removed from the mesh.
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Figure 8: SMS Mesh with Buildings
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The yellow rectangular polygons as illustrated in Figure 8 represent the building
footprints within the study area. As shown above, the 2D mesh has been constructed
around the perimeter of each building. As the buildings within the floodplain technically
represent a hole in the 2D mesh, SMS effectively assumes that the mesh does not exist
where the buildings reside. Accordingly, SMS produces vertical walls within the model in
and around the building perimeters. Artificially constructing vertical walls within the
model, deflects flows around the perimeters of the buildings and is what is expected to
see in the field during Regulatory Storm flow conditions.

6.3 Model Specific Coverages
SMS 2D uses multiple coverages to create the 2D model simulation. These specific

coverages are used to define key hydraulic parameters within the model, including:

e Boundary Conditions;
e Obstructions; and
e Materials.

6.3.1 Boundary Condition Coverages

Within the SMS 2D model, Burnside has created Arcs to represent a number of
boundary conditions within the model as noted below. The location of the boundary
conditions within the SMS 2D model are shown on Figure 6 in Appendix A.
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6.3.1.1 Downstream Boundary Conditions

The Exit-H (subcritical outflow) boundary condition has been selected as the
downstream boundary condition at Georgian Bay. This downstream boundary condition
has been represented by an Arc at the northern limits of the model boundary. The water
surface elevation (WSE) provided within the LIDAR mapping depicts the Georgian Bay
WSE at 176.83 m. The Long-Term Maximum water surface elevation of Lake Huron
from 1918 to 2015, as referenced from the US Army Corps of Engineers, has been
observed at 177.50 m, which has been used as the Exit-H boundary condition in the
model.

6.3.1.2 Inlet Boundary Conditions

The Inlet-Q (subcritical inflow) boundary condition has been selected as inlet boundary
condition within the Floodplain model. The inlet boundary condition has been applied as
an Arc, approximately 495 m upstream of the Highway 26 By-Pass. The PCSWMM
Timmins Regional hydrograph has been applied at this location to observe peak flow
impacts within the model.

Inlet boundary conditions, represented by Arcs, have also been applied at the inlet and
outlets of Highway 26 By-Pass and Beachwood Road culvert crossings. These culverts
have been defined in the SMS 2D model through the hydraulic modeling software HY8.
Key hydraulic parameters, including inverts, culvert size and composition, roadway deck
elevations, and widths for the Highway 26 By-Pass and Beachwood Road Culverts have
been referenced from detailed topographic survey information and included within the
HY8 hydraulic model.

The primary focus of this report is to identify the Regulatory floodplain extents within the
site itself. In the 2D modelling environment for the study area there are two key
manmade hydraulic controls that influence flood elevations within the site. These
hydraulic controls are the Highway 26 By-Pass and Beachwood Road. The Highway 26
By-Pass and its associated culvert crossings permit Regulatory peak flows to enter the
site at various locations. Beachwood Road acts as a hydraulic barrier whereby
restricting flows from crossing Beachwood Road and ponding on the site itself.
Downstream of Beachwood Road, topographic elevations fall sharply towards Georgian
Bay. Accordingly, due to the elevation difference from the site to the downstream limits
of Beachwood Road, roadway culvert crossings downstream of Beachwood Road will
not impact Regulatory flood elevations on the site. Accordingly, the roadway crossings
downstream of the site have not been coded in as boundary conditions in the model.
Refining the floodplain results downstream of Beachwood Road is considered out of
scope for this project and could be re-visited in the future should the Regional Floodplain
require refinement for considerations outside of this report.

R.J. Burnside & Associates Limited 300052877.1000
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6.3.1.3 Culvert using the HY8 Approach in SMS

Culverts are represented in the SMS model as 1D structures. The HY-8 hydraulic
modelling software is used perform the 1D hydraulic culvert calculations. The HY-8
model was setup independently of the SMS model with all the required culvert input data
such as inverts, size, length, material, and roadway elevation. Within the SMS 2D
modelling environment, the culvert inlets and outlets are defined as boundary arcs. The
boundary arcs refer to the HY-8 file to call the culvert calculation results into the model.
Key dimensions for each culvert were referenced from topographical survey data and
field reconnaissance.

Table 3 below provides a detailed summary of the Highway 26 By-Pass and Beachwood
Road Culverts used in the SMS 2D model. The HY8 model output is in Appendix C. A
digital copy of the HY8 model is in Appendix E.
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Table 3: Highway 26 By-Pass and Beachwood Road Culvert Summary
Chg:::ts;:gtic 15 16 17 20 10 11.1 11
Roadway Highway 26 Highway 26 Highway 26 Highway 26 Beachwood Beachwood Beachwood
Type Conc. Box CSP CSP CSP Conc. Box CSP CSP
Diameter(m) 1050 1050 750 750
Span (m) 1200 1500 1200
Rise (m) 2400 1200 900
U/S Invert (m) 189.10 189.31 189.123 188.68 183.58 183.81 182.76
D/S Invert (m) 189.07 188.94 188.90 188.420 181.81 183.45 182.50
Length (m) 57.18 60.4 53.010 57 20.8 20.89 23.34
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6.3.2 Materials Coverage

The materials area coverage has been used to associate key land use parameters to the
2D mesh. The land use parameters have been represented by areas of varying

Manning’s roughness values within the model. Table 4 outlines the Manning’s “n” values
used within the SMS 2D Hydraulic Model.

Table 4: Materials Coverage — Manning’s “n” Summary

. Manning’s “n” Value
Material Coverage Type Assigned
Bush 0.075
Road 0.013
Single Family Home 0.020
Townhome 0.013
Ditch 0.020
Open Field 0.030
Water 0.025

The location of each material coverage defined within the model is shown on Figure 5 in
Appendix A. Aerial imagery of the study area was used to determine the varying
material coverage throughout the model and is shown on Figure 7 in Appendix A.

[T 1]

Mannings “n” values have been referenced from Table 3.2 of the HEC-RAS Hydraulic
Reference Manual. Applicable reference material has been provided in Appendix A.

7.0 Analysis of 2D Floodplain Modelling Results

Visual representations of the 2D floodplain modelling result output have been provided in
Appendix C. Visual representations of the following Mesh Layers can be found directly
the SMS 2D Hydraulic Model.

e Floodplain Elevation;

e Floodplain Depth;

¢ Floodplain Velocity; and

e Product of Floodplain Depth and Velocity.

Figure 9 below illustrates the extents of the Regulatory Floodplain within the study area.
Detailed figures of each of the above layers within the study area and on the site are
provided in Figures 9 to 13 in Appendix C.

R.J. Burnside & Associates Limited 300052877.1000
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7.2 Floodplain Depth Commentary

The Water_Depth_m Mesh Layer depicts the range of floodplain depths experienced
under the Regulatory event. The floodplain depths have been shown illustratively by
varying colours within the project area. Floodplain depths have been observed to range
from O m outside the limits of the floodplain, to a maximum of 3.56 m. The majority of
floodplain depths are less than 0.3 m on most Municipal roadways. Deeper areas of the
floodplain have been observed within low lying residential areas, local depressions
within forested / agricultural areas and in the vicinity of the culvert outlets. We note that
the floodplain depth through the site itself is relatively shallow (<0.15 m) as the Regional
peak flow sheets across the site.

7.3 Floodplain Velocity Commentary

The Vel Mag_m_p_s Mesh Layer identifies the range of flow velocities within the
Floodplain. Floodplain velocities have been observed to range from 0 to 2 m/s. The
highest concentration of floodplain velocities have been observed near the culvert inlets
and outlets. The velocity through the site is minimal with velocities less than 0.2 m/s.

7.4 Floodplain Depth x Velocity Commentary

A common method of determining safe access and egress within a floodplain area is to
assess the product of the floodplain depth and floodplain velocity. The SMS model
allows for the output layers to be manipulated, as such the depth layer was multiplied by
the velocity layer directly in SMS. However, due to the very low velocities and very
shallow depths across the study area, the resulting depth x velocity layer is essentially
zero. As such, the figure for this layer has not been included, as it does not produce
observable results. This shows that although the floodplain extents are widespread
across the study area and the site, the resulting depths and velocities are not significant
or are of value for further consideration.

8.0 2D Modelling Validation

8.1 Highway 26 By-Pass and Beachwood Road Culverts

While it is challenging to validate flow depths and velocities within a 2D model in areas
where sheet flow is present, the hydraulic modelling results at roadway culvert crossings
can be validated within SMS. To validate Regional Floodplain depths at roadway culvert
crossings Observation Points in SMS were used to observe headwater elevation
fluctuations at the inlets of the culvert crossings. Headwater elevations can further be
used to determine peak flow magnitudes through the culvert itself, however this must be
determined in HY-8 directly as the flow through a culvert is not an output in SMS. The
peak depth at each culvert inlet observation point was correlated with the headwater
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depth in HY-8. The resulting flow at the corresponding headwater elevation was taken as
the flow through the culvert within the validation process.

Figure 14 in Appendix C summarises headwater depth vs peak flow of the four

Highway 26 By-Pass and three Beachwood Road culvert crossings. As the SMS 2D
model has used the actual hydrograph of the Timmins Regional storm event, for
simplicity, it is assumed that peak flows will arrive at all culvert inlets at the same time.
Based on this assumption flows have been iterated at each culvert crossing to match
head water elevations produced in the SMS model. As this process can be completed
for each culvert crossing, all culvert crossings conveying flow under the roadway will
produce a total outlet flow. This total outlet flow was then compared to the Regional
Peak flow being conveyed to the roadway. In general, based on the assumptions listed
above, Regional Flood elevations produced by the SMS 2D model are relatively close to
the independent HY-8 culvert analysis. Key differences in flow values are directly
attributed to peak flow timing and to a degree, storage associated with the limited
depression storage within the watershed. Accordingly, the results of the SMS 2D model
are accurately depicting the hydraulic flow characteristics of the Timmins Regional event
through the site.

8.2 Peak Flow Selection
8.21 Regional Storm Event Validation

As noted in Section 4.0, various assumptions have been made with regards to overall
watershed area and selection of peak flows to be used in the SMS 2D model. In the
absence of recorded rainfall data or peak flow data throughout the watershed, the
selection of the Timmins Regional peak flow was validated as peak flow flows derived by
an external hydrological model are comparable to Regional peak flows provided by the
NVCA. The SMS model was simulated over a 24-hour period and the flood extents can
be simulated visually over this period to observe how the Regional peak flow is
conveyed through the study area. Peak flows have been observed to be conveyed from
the southern extents of the study area through existing watercourse and drainage draw
to the individual culvert crossings at the Highway 26 By-Pass and Beachwood Road.
Where roadways become barriers, increased / pressurised flows through culverts are
observed. In some locations, Beachwood Road has been observed to overtop at
shallow depths. It is our view that SMS Regional floodplain modelling results presented
in this report provide the most accurate depiction of the Regulatory floodplain possible
based on information available at the time of writing of this report.
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8.2.2 100-Year Storm Event Validation

In Section 4.0, the 100-year peak flow values were also discussed. The 100-year
PCSWMM hydrograph (peak flow of 2.94 m3/s) was routed through the SMS 2D model
to observe floodplain extents depths and velocities. Based on local knowledge of
historical flooding, while noting that the 100-year peak flow is considerably less than the
Delcan 100-year peak flow of 8.0 m?/s, a point of interest and validation was to observe
if flooding was present in the Thomas and Constance Street rights-of-way in the model.

Historical flooding has been observed and noted during spring freshet flows. It is not
un-common, for culvert barrels to be blocked with snow and ice during the spring
freshet. This temporary condition prevents flows from being conveyed in the roadside
ditches and within the culverts. In this condition, roadway, and driveway culverts while
physically present in the field, are not draining water due to the blockage. This condition
is similar to the SMS model as culvert crossings downstream of Beachwood Road have
not been coded. As these conditions are similar, it is noted that the 100-year floodplain
depth at the intersection of Thomas and Constance Street is 0.05 m in the SMS 2D
model under the 100-year event. While the actual elevation and depth of flooding is not
known in Figure 3 in Section 3.3, the 100-year 2D modelling results produce a similar
flood condition at this location.

9.0 Overall Hydraulic Modelling Summary

The information provided in this report has been presented to outline the existing
condition Regulatory Floodplain characteristics of the site and study area only.

The Floodplain elevation, depth and velocity for the study area are summarized below:

e Floodplain Elevation Range = 177.5 m to 203 m;
¢ Floodplain Depth Range = 0 m to 3.56 m; and
¢ Floodplain Velocity Range = 0 m/s to 2 m/s.

Based on the final 2D hydraulic results, the flood elevations, depths and velocities
appear to be reasonable given the relatively flat topography of the project area. A
one-dimensional model would have challenges quantifying the hydraulic characteristics
of the Regulatory Floodplain due to the absence of defined flow pathways within the
study area.

The horizontal extents of the Regulatory floodplain have been observed to be quite wide
within the project area, with floodplain depths of 0 to 1.30 m depending on location. The
horizontal extents of the floodplain have been observed to expand over a vast area
encompassing both Baywater Creek and Shore Creek.

Digital SMS 2D modelling files have been provided in Appendix E for reference.
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10.0 Future Considerations and Recommendations

10.1 Drainage Improvements and Defined Outlet to Georgian Bay

In reviewing SMS Hydraulic results, it is noted that the site and many other properties
are located within the Regulatory Floodplain within the project area. The overall width
and spread of the floodplain is largely attributed to development within the project area,
minimal drainage infrastructure and the absence of a defined outlet to Georgian Bay.
The 2D hydraulic modelling detailed in this report further confirm historical flooding as
detailed in Section 4.1.

Given the relatively shallow floodplain depths and velocities, the risk to human life is
small. However, the risk of flood damage to a number of properties is elevated. Under
current day conditions, the Regulatory Floodplain is producing a Net-Negative risk
condition to properties and municipal infrastructure located within the project area.

Given the project area borders and resides in close proximity to Georgian Bay, it is our
view that a rare opportunity is presenting itself for our client (Sunray), the Town, NVCA,
private landowners to work together to improve drainage within the project area.

It is understood that the Town is currently in the process of completing a Drainage EA
that includes both Thomas Street and Constance Boulevard. This will be a great first
step to exploring drainage opportunities moving forward. However, as shown in this
report, the Regulatory Floodplain is quite wide. Future drainage solutions will not only
need to create a direct outlet to Georgian Bay but create and identify key drainage
infrastructure to be able to direct and collect peak flows to this outlet.

Should a defined and capable outlet be created in the future, this will allow for further
drainage improvements to be implemented whereby reducing or eliminating flood risks
within the project area. This will create a Net-Positive within the project area that would
be advantageous to all (affected) landowners. Any proposed drainage improvements
within the project area will impact the Regulatory floodplain. Given the close proximity of
the project area to Georgian Bay, it is our view that drainage improvements to reduce
flood risk should be placed as a priority above retaining the configuration and hydraulic
characteristics of the Existing Floodplain.

10.1.1 Proposed Drainage Consideration

To illustrate the positive impacts of a defined outlet to Georgian Bay, a conceptual
channel design to collect peak flow discharge from the Highway 26 By-Pass has been
completed. Specifically, through this conceptual design, peak flows will be collected
from the outlets of Culvert 15, Culvert 16 and Culvert 20 to drain directly to

Georgian Bay. Drawing C1, C2 and Figure 14 in Appendix D illustrate the conceptual
design.
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The alignment of the proposed channel concept has been orientated along parcels of
land that are un-developed at the time of writing of this report. The sizing of the channel
has been completed produce a free-flowing conditions in the Regional peak flow event.
The main channel will run along the south limits of the site to capture flow from

Culvert 15 and 16 . To accommodate a Regional peak flow of 8.92 m?%s, a channel with
a profile grade of 0.69 to 1.52%, a bottom width of 6.3m, 3:1 side slopes and a 3 m wide
maintenance access has been preliminarily designed. The depth of the channel
generally is 1 m deep, however, this depth varies throughout the length of the channel
due to variations in existing topography. The channel continues along the eastern limits
of the site to Beach wood Road. A twin 3000 mm span x 1500 m rise concrete box
culvert has been sized to convey peak flows beneath the Beachwood Road right of way
under free-flowing conditions.

A secondary channel has been designed to capture runoff from Culvert 20 and intercept
flows from Culvert 17 off of the MTO lands. This channel will connect into the main
channel at the northern limits of the MTO lands. To accommodate the Regional peak
flow event from Culvert 17 and off of the MTO lands from Culvert 20, a 0.5 m wide by

1 m deep channel with 3:1 side slopes has been modelled.

Figure 10 below illustrates the current day flood conditions (right) versus the positive
impacts of the proposed channel (left).

Figure 10: Current Day Flood Conditions vs Proposed Channel Concept

a) FLOODPLAIN WITH PROPOSED DRAINAGE CHANNEL b) EXISTING CONDITION FLOODPLAIN

As shown, the reduction in Regional Floodplain extents that are associated with a
defined outlet to Georgian Bay are vast. The lands west and east of the channel are
removed from the Regional Floodplain. These lands include several residential homes,
commercial businesses, Town rights-of-way and lands currently being considered for
development.
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The proposed channel concept has been proven through detailed SMS 2D hydraulic
modelling to vastly reduce floodplain extents within the project area. This will create a
Net-Positive within the project area that would be advantageous to all affected
landowners. Specifically, a dedicated outlet would reduce or eliminate seasonal flooding
to residential homes, reduce or eliminate municipal roadway overtopping, will support
current and future development projects, and creates a low-risk conveyance mechanism
to convey peak flows to an ultimate outlet. A larger, more visible version of Figure 10
has been included in Appendix D for reference.

10.2 Site Specific Drainage Improvements

In reviewing the SMS 2D hydraulic modelling results upstream of the

Highway 26 By-Pass, it is apparent that the By-Pass has influenced the Regulatory
Floodplain. Regulatory peak flows have been observed to spread West to East from
Culvert 15 to Culvert 20. This spreading of flows with multiple culvert outlets has
resulted in the Regional peak flows spreading across the majority of the site. Itis our
view that this flood condition is development related and would not have reflected the
historical Regulatory Flood condition prior to the By-Pass being built. Accordingly, it is
our view that drainage features should be explored within the site to create a natural and
defined channel corridor that adequately conveys peak flows from the

Highway 26 By-Pass to Beachwood Road, as described in Section 10.1.1 above. The
intent of this defined corridor would mimic the pre-bypass conditions.

Currently, the Regulatory peak flows have the ability to spread across the site and reach
multiple touch points on Beachwood Road. These touch points are specific culvert
crossings and locations where peak flows overtop the roadway. A defined channel
corridor through the site could be naturalized to provide both aquatic and wildlife habitat
while limiting the ability of Regional peak flows from spilling over top of the roadway and
conveying peak flows to a specific or limited number of culvert crossings. This defined
channel corridor would benefit the site and would also benefit future downstream
drainage improvements as peak flows could be collected in an efficient manner therefore
reducing flood risks.

Again, it is our view that a rare opportunity is presenting itself for our client (Sunray), the
Town, NVCA, private landowners to work together to improve drainage within the project
area. These drainage improvements would benefit all parties involved whereby reducing
the overall flood risk within the project area.
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10.3 Considerations for Drainage Improvements under the
Drainage Act

As noted previously, “Should a defined and capable outlet be created in the future, this
will allow for further drainage improvements to be implemented whereby reducing or
eliminating flood risks within the project area. This will create a Net-Positive within the
project area that would be advantageous to all (affected) landowners.”

As noted, under existing conditions, peak flows spread across the entire site due to the
Highway 26 By-Pass culverts and further, are permitted to enter a number of residential
areas both upstream and downstream of Beachwood Road. Existing peak flows no
longer appear to have a direct outlet to Georgian Bay.

It is recognized that due to the number of current residential dwellings, as well as both
Town and Developer interests within the project area, the implementation of the required
drainage improvements may not be without challenges. In our view, the path of least
resistance moving forward would be for (all) landowners and the Town to work together
to produce an amicable drainage solution that works for all parties that includes the
incorporation of a direct outlet connected to Georgian Bay. However, should an
amicable drainage solution not be reached through these discussions, it is our view that
the (Ontario) Drainage Act, RSO 1990, chapter D.17 (Act) may be a viable solution to
ensure a sufficient outlet to Georgian Bay is created.

A “petition for drainage works by owners” could be completed by Sunray for an ‘area
requiring drainage’ (ARD) within the site and filed with the local municipality under the
auspices of Section 4 of the Act. There are prescribed (Petition) Forms available,
depending on the circumstances and ownership of the drainage challenged property(ies)
or land(s). The critical part of any Petition is a detailed and accurate description of the
ARD; this determines the sufficiency and/or validity of the Petition which is determined
by the engineer appointed in accordance with Section 8 of the Act.

One of the first duties of the appointed engineer, before making an examination and
report, is to cause the clerk of the local municipality to send Notice of the On-Site
Meeting as per Section 9 of the Act. It is at that meeting (or in some case thereafter)
that the engineer determines the ARD and whether the Petition complies with Section 4
of the Act. If determined that the Petition is valid, the engineer shall proceed to prepare
a report or preliminary report.

Another important Section of the Act is 15 entitled Sufficient Outlet which states “Subject
to section 32, every drainage works constructed under this Act shall be continued to a
sufficient outlet. R.S.O. 1990, c. D.17, s. 15.” Furthermore, Section 1 of the Act states
that “sufficient outlet’ means a point at which water can be discharged safely so that it
will do no damage to lands or roads;”. Accordingly, the engineer is bound under the Act
to comply with Section 15.
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Currently, runoff discharged downstream of the Highway 26 By-Pass and

Beachwood Road are negatively impacting a number of properties. By initiating a
petition for drainage works under Section 4 of the Act, Sunray (or another owner(s))
could be provided with a mechanism to permit peak flows to be discharged safely
downstream of the Highway 26 By-Pass and Beachwood Road such that drainage runoff
from existing and future development could be taken to said sufficient outlet (presumably
Georgian Bay).

Again, it is our view that a rare opportunity is presenting itself for our client (Sunray), the
Town, NVCA, and private landowners to work together to improve drainage within the
project area. These drainage improvements would be of value to and for all parties
involved whereby reducing the overall flood risk within the project area.

11.0 References

Drainage, Hydrology and Stormwater Management Report, Preliminary Design,
Highway 26 new Alignment between Collingwood and Wasaga, Delcan, July 3, 2009.

Drainage Update of Existing Highway 26, Existing Highway 26 between Collingwood and
Wasaga Beach (Huronia to Mosely Street), Delcan, September 2013.

Quotation “Environmental Assessment’, Town of Wasaga Beach. Environmental
assessment proposes new drainage channel for west-end Wasaga Beach
neighbourhood, New channel would address persistent flooding issues on Constance
Boulevard.

https://www.thestar.com/local-wasaga/news/2022/03/21/environmental-assessment-
proposes-new-drainage-channel-for-west-end-wasaga-beach-neighbourhood.html.
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Manning's "n" Values
from HEC RAS Hydraulic Reference Manual, dated February 2016, pages 3-14 to 3-16.

Chapter 3— Basic Data Requirements Chapler 3— Basic Dala Reguirements
Table 3-1 Manning's 'n’ Values Table 3-1 (Continved] Manning's ‘n* Valves
Type of Channel and Description Mininum Normal Maximum Type of Channel and Description Minimmm Mormal Maximem
A, Narural Streams B. Lined or Suilr-Lp Charnels
1. Main Channels I. Conerete
a. Clean, straight, full, no rifis or deep pools N a, Trowel finish o.011 0.013 0.015
b, Same a5 above, bul more stones and weeds 0025 0.030 0.033 B Floot Finish 0,013 0015 aais
¢. Clean, winding, some pools and shoals ::;g g;:g gﬁg e, Finished. with gravel bottom aols o7 Q020
d. Same as above, but some weeds and stones. L . o d. Unfinished o014 a.orr a.020
i ! . 0.035 05 0.050 . Glunite, sood sect 0016 0019 0023
¢ Same as above, lower stages, more incffective slopes and . i, good seelien g g e
sections 0.040 0.048 0.055 £, Gunite, wavy section 0.01% 0.022 0028
[ Same as "d" bul more stones g On good excaviled rock a.017 0.020
g. Sluggish reaches, weedy, deep pools gg‘:g ggig gm h. On errepular excavated rock 0.023 0.027
hW cedy reaches, d 15, or floodways with heavy stands o ) )
oy e ren e deep poals or Tondways Wil Reany SRS 070 0.100 0.150 2, Conerete hottom flont fimished with sides of:
i &, Tiressed stane in mortar Q015 Q017 @020
. Random stane in mtar 0.017 0.020 [N(EEY
2. Flood Plains €, Cement mibhle nasenry, plstered Q016 Q0,020 a0z4
a.  Pasture no brush N d Cement rubble masonry Q.00 Q.02% 0E0
2 | i} 3
1. Short grass ggjﬁ ggjg g gjé e Dry mbble on riprap 0,020 0,030 LLER)
2, High prass ’ ’ '
b, Cultivated areas N 3. Gravel buttom with sides of:
I No erop o020 oo 0040 a. Farmed cancrete 0.017 0.020 w025
2 Mature row crops 0025 0.035 0.043 b. Bandom stanc in moctar 0.020 0.026
. Mature field crops 0930 0.040 0.050 ¢, Dry mibhle or riprap 0,023 0,032 0,036
o Brush
03 50 0.07 ¥
1. Scattered brush, heavy weeds 0.035 00 0 4. Brick
2. Light brush and trees, in winter 0.035 0.050 0.060 a, Glazed Q.01 0.01% a0
3. Light brush and trees, in summer 0.040 0.060 0.080 b. In coment mortar 0.012 0.013 .08
. — (5 0070 [IRRT]
4. Medium to dense brush, in winter 0.070 0.100 0,160
5, Mledinm to dense brush, in summer . . . . Meral
d. Trees a. Smwoith steel surfaces 0.onl 0oz LRI EY
' y . 0030 (040 0.050 b Cormogated metal 0.0zl 0.02% 0.030
1. Cleared land with tree stumps, no sprouts
2 Same u= above, but heavy sprouts 0.050 0060 0050
o - : 0080 0.100 0120 . A
3. Heavy stand of imber, few down trees, little - "p".-]l 1 N
underg . flow below b N A, Smosth a.011 a.011
. Al Akl [N . .
4. Same as above, but with flow into branches 0100 0120 o b Reugh oo fone
3 Dense willows. summer, straight 0.110 0.150 0.200 7. Vogetal lining 0,030 0.500
3. Mountain Streams, no vegetation in channel, banks usually steep,
with trees and brush on banks submerged
:. :::Eum gri\;Is. cq:;‘h}f:s. ilILd rT:]\- boulders 0030 0040 0050
: om: cotioles wlh Targe Doulders 0.040 0.050 0070
3-14
Chapter 3— Basic Dafa Requiremeniz
Table 3-1 (Continued) Manning's ‘n° Values
Type of Channel and Description Minimum Normal Maximam
. Evcaviied or Dvedged Chamnels
|. Earih, straighi and wniform
v completed ArilE s 024
weathering LR a2z LUEEA]
, uiki foem seetion, clean o2z 0028 430
. With shart grass, few weeds L2z 27 s
2. Earth, winding and slapgish
a. Mo vegetstion 023 0025 030
b, Chrass, some weeds 025 {1030 ha33
¢, Deense weeds or aguatic planis in deep channels AL030 {035 LR EH]
d,  Earih bottem and rubhle sude 028 1L030 435
e Stomy botom and weedy banks 025 0035 1040
. Cobble bottom and clean sides ALA30 {040 050
3. Draghine-cxcavated or dredged
a. Mo vegetstion 025 U028 i3
b.  Light brush en banks L0355 0050 L]
4. Rock cuts
a,  Smeath and uniform 025 L035 A4l
b, Jagged and irregalar 0035 0040 1050
5. Channels not maintained, weeds and hrush
8, Chesn bodiom, brush on sides LA 050 L]
b Same as above, highest sage of flow ALI4S L] LUART]
e, Dense weeds, high as Bow depih Aas0 LRI k120

. Demse boush, hlE'l slage AL 1111 Ik 1441
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Highway 26 New Alignment beyween Collingwood and Wasaga Beach (GWP 630-91-00)
Drainage Hydrology and Stormwater Management Report

Tabel 7. Post-Development Condition without and with SWM - Peak Flows to HRPs: SCS Type II 12-hr

HRP-1 HRP-2 HRP-3 HRP-4 | HRP-5 HRP-6 HRP-7 |
Pre-Dev Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM |[Post with SWM [Pre-Dev| Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM]|
1D 401 401 401 402 402 402 SWMF1 403 403 4.03 404 207 207 405 208 205 406 209 209 407 407 407 SWMF3
Areas  J(Al, A2)tot (AL A2)tot Btot Btot, Bhip (C2 toE)tot (C2, CD.E2.EYtotFext, (C2 0B )hrp Fltot Fihip F2tot Fohip Gltot Gl hp (G2,H,Dtot (F2,G1,G2,H.Dtot, Frd,
Bhrp (C2 toE)hrp Flhrp F2hrp G1hrp (G2, (H-T)1hrp (G2,(H-IDhrp
A (ha) 147.72 147.72 21.5 21.5 6556.08 6626.56 88.88 15.97 10.94 4.55 26.12 12.52 673.62 696.04
(m’/s) (m’/s) [% m’s) |% (m’/s) m’s) |% ms) |% (m’/s) m’s) |% (m’s) |% (m’s) _[m’s) |% (m’s) |% m¥s) |m¥s) 1% |mds) |% ) fm¥s) (% |ms) |% (m’/s) m¥s) [%  |ms) |%
2-yr 0.4 0.4 2% 0.4 2% 0.3 0.4 9% 0.3 9% 8.83 8.84 0% 8.84 0% 0.5 0.2 -64% (0.2 -64% 0.1 0.05 |-61% ]0.05 61% 0.3 0.1 -49% 0.1 -49% 3.1 3.2 3% 3.1 0%
S-yr 0.9 0.8 -3% 0.8 -3% 0.6 0.7 7% 0.5 -16% 16.96 16.98  |o% 16.98 [o% 1.0 0.4 -65% [0.4 -65% 0.2 0.09 |-61% ]0.09 61% 0.6 0.3 -49% 0.3 -49% 6.1 6.2 3% 6.1 0%
10-yr 1.2 1.2 -3% 1.2 3% 0.8 0.9 6% 0.8 7% 23.59 23.63 |0 23.63 |o% 14 0.5 -65% [0.5 -65% 0.3 0.13  |-60% ]0.13 -60% 0.8 0.4 -49% 0.4 -49% 8.4 8.6 3% 8.4 0%
25-yr 1.7 1.7 3% 1.7 -3% 1.1 1.2 6% 1.0 -10% 32.57 32.62 |0 32.62 |o% 1.9 0.7 -65% (0.7 -65% 0.5 0.18 |-61% ]0.18 -61% 1.1 0.5 -49% 0.5 -49% 11.6 119 2% 11.6 0%
50-yr 2.1 2.1 2% 2.1 2% 1.3 1.4 6% 1.2 -8% 39.6 39.7 0% 39.7 o 2.4 0.8 -65% {0.8 -65% 0.6 022 |-61% [0.22 -61% 1.3 0.7 -49% 0.7 -49% 14.1 144 |2% 14.1 0%
100-yr ]2.6 2.5 2% 2.5 2% 1.6 1.7 9% 1.5 0% 47.0 47.1 0% 47.1 0% 2.8 1.0 -65% 1.0 -65% 0.7 0.26 |-61% ]0.26 -61% 1.5 0.8 -49% 0.8 -49% 16.7 17.1  |2% 16.7 0%
HRP-8 HRP-9 HRP-10 HRP-11 | HRP-12 HRP-13 HRP-14 |
Pre-Dev Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM |[Post with SWM [Pre-Dev| Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM]|
ID 408 408 408 409 409 409 SWMF3 1410 410 410 SWMF4 411 215 215 412 216 216 413 218 218 414 414 414 SWMF5
Areas Jtot Jeot (G2,H,LI)tot (F2,G1,G2,H,L)tot, (G2,H-LI)hrp |Ktot (K.L.Mtot, Khrp Ltot Lhrp Mtot Mhrp Ntot Nhrp Otot (N.O)tot, (N,O)hrp
(G2,H-I, ))hrp Khrp Lhrp Mhrp Nhrp Ohrp
A (ha) 38.7 38.70 730.72 753.14 15.39 31.22 10.91 1.21 8.07 1.94 15.54 4.54 212.44 223.44
(m’/s) (m’/s) |% (m’s) |% (m’/s) (m’s) |% (m’/s) |% (m’/s) (m’s) |% m’fs) |% m*s)  |m’s) |% m’fs) |% m’fs) |m¥s) |% (m’s) |% ms)  |ms) % |m¥s) |% (m’/s) (m’/s) |% m’fs) [%
2-yr 0.2 0.2 0% 0.2 1% 34 3.5 3% 3.4 0% 0.2 0.4 100% 0.2 -14% 0.1 0.03 -77%  10.03 -77% 0.1 0.04  |-64% ]0.04 -64% 0.2 0.1 -64% 0.1 -64% 1.1 1.1 4% 1.1 0%
5-yr 0.5 0.5 -1% 0.5 -1% 6.5 6.7 3% 6.6 0% 0.4 0.7 95% 0.3 -18% 0.2 0.05 -78%  10.05 -78% 0.2 0.07  |-65% ]0.07 -65% 0.4 0.1 -64% 0.1 -64% 2.1 2.2 4% 2.1 0%
10-yr 0.7 0.7 2% 0.7 2% 9.1 9.3 3% 9.1 0% 0.5 1.0 92% 0.4 -22% 0.3 0.07 -718%  10.07 -78% 0.3 0.10  |-65% ]0.10 -65% 0.5 0.2 -64% 0.2 -64% 3.0 3.1 3% 3.0 0%
25-yr 0.9 0.9 -3% 0.9 -3% 12.6 12.9 2% 12.6  |o% 0.7 1.3 89% 0.5 -24% 0.4 0.09 -78% 10.09 -78% 0.4 0.14  |-66% ]0.14 -66% 0.7 0.3 -65% 0.3 -65% 4.1 4.3 3% 4.1 0%
50-yr 1.2 1.1 -3% 1.1 -3% 15.3 15.7 2% 15.3 0% 0.9 1.6 87% 0.7 -25% 0.5 0.11 -78%  [0.11 -78% 0.5 0.17  |-66% ]0.17 -66% 0.9 0.3 -65% 0.3 -65% 5.0 5.2 3% 5.0 0%
100-yr |14 1.3 -3% 1.3 -3% 18.1 18.6 2% 18.1 0% 1.0 1.9 87% 0.8 -26% 0.6 0.13 -79%  [0.13 -79% 0.6 0.20 |-66% ]0.20 -66% 1.0 0.4 -65% 0.4 -65% 6.0 6.2 3% 6.0 0%
HRP-15 HRP-16 HRP-17 HRP-18 | HRP-19 HRP-20 HRP-21 |
Pre-Dev Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM |[Post with SWM [Pre-Dev| Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM]|
1D 415 415 415 SWMFs 416 416 416 SWMF6 417 417 417 418 223 223 419 419 419 SWMF7 420 420 420 421 421 421 SWMEF7
Areas (L,MN,0) (N,O)tot, (L-M-N-O)hrp Ptot Ptot, Phrp Qtot Qot, Qhrp Rtot Ribrp -- Rtot,Parking Lot,Slext,S1rd, ~ S2rd- |S2ext, S2ext, T&U (RS, T&U)tot (R.S,T&U)ot, (R,S.T&U)hrp
tot and hrp Phrp Qhrp R1hrp -- uncontr. T&U (R,S, T&U)hrp
A (ha) 282.65 266.82 29.89 29.89 17.02 17.02 121.93 9.5 138.4 1682.71 {1682.7 1871.33 1871.33
(m’/s) m’s) |% (m’s) % (m’/s) (m’s) % m’s) [% (m>/s) m’s) % m’fs) [% m%s) |m’s) |% m’fs) [% m¥s) |m¥s) % |m¥s) [% ms) |ms) % |m¥s) |% (m>/s) (m’s) % m’fs) [%
2-yr 1.5 1.4 -6% 1.3 9% 0.3 0.3 6% 0.3 -1% 0.1 0.1 0% 0.1 3% 1.3 0.1 94% 0.1 -94% N/A 1.9 N/A |1.5 N/A |59 5.9 0% |[5.9 0% 6.2 6.2 0% 6.2 1%
5-yr 2.9 2.7 -6% 2.6 -10% 0.5 0.5 4% 0.5 -5% 0.2 0.2 0% 0.2 0% 2.6 0.2 94% 0.2 -94% N/A 3.4 N/A 3.0 N/A 114 114 0% [11.4  |o% 11.9 119 [0% 12.0 0%
10-yr 4.0 3.8 1% 3.6 -10% 0.7 0.7 2% 0.7 -4% 0.4 0.3 -1% 0.3 -1% 3.7 0.2 94% 0.2 -94% N/A 4.7 N/A 4.1 N/A 15.8 15.8 0% [15.8 |o% 16.6 16.6 |0% 16.6 0%
25-yr 5.6 5.2 1% 5.0 -10% 1.0 1.0 1% 1.0 -1% 0.5 0.5 2% 0.5 2% 5.1 0.3 94% 0.3 -94% N/A 6.5 N/A |5.7 N/A 217 21.7 0% [21.7 |ow 22.8 22.8 0% 22.8 0%
50-yr 6.8 6.4 1% 6.1 -10% 1.2 1.2 0% 1.2 2% 0.6 0.6 2% 0.6 2% 6.3 0.4 94% 0.4 -94% N/A 7.9 N/A 6.9 N/A 264 26.4 0% (264 |o% 27.7 27.6 0% 27.7 0%
100-yr |8.1 7.6 1% 7.0 -14% 1.5 1.5 0% 14 3% 0.7 0.7 3% 0.7 3% 7.5 0.5 94% 0.5 -94% N/A 9.4 N/A |82 N/A  |31.2 31.2 0% [31.2 |o% 32.8 327 0% 32.8 0%
SWM required
no SWM required
Notes: peak flows are reported with one decimal place but % calculated based on peak flows extracted from Visual Otthymo Model - 3 decimal places

total areas=areas upstream of Hwy 26-new (roadway-+external areas); hrp areas=areas downstream of Hwy 26-new
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Highway 26 New Alignment beyween Collingwood and Wasaga Beach (GWP 630-91-00)
Drainage Hydrology and Stormwater Management Report

Tabel 8. Post-Development Condition without and with SWM - Peak Flows to HRPs: SCS Type II 24-hr

HRP-1

HRP-2 HRP-3 HRP-4 HRP-5 HRP-6 | HRP-7

Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM [Post with SWM [Pre-Dev| Post no SWM |Post with SWM]|Pre-Dev Post no SWM [Post with SWM
1D 401 401 401 402 402 402 SWMF1 403 403 4.03 404 207 207 405 208 205 406 209 209 407 407 407 SWMF3
Areas  J(Al, A2)tot (AL A2)tot Btot Btot, Bhrp (C2 toE)tot (C2, C.DE2.E)otFext, (C2 t0E)hrp Fltot Flhp F2tot Fohrp Gltot Gl hip (G2,H,Dtot (F2,G1,G2,H,Dtot, Frd,

Bhrp (C2 toE)hrp Flhrp F2hrp Glhrp (G2, (H-D)1hrp (G2,(H-IDhrp

A (ha) 147.72 147.72 21.5 21.5 6556.08 6626.56 88.88 15.97 10.94 4.55 26.12 12.52 673.62 696.04

(m’/s) (m’/s) [% m’s) |% (m’/s) m’s) |% m’fs) [% m’s) _ |m’s) |% ms) |% (m’fs) _|m¥s) |% m’fs) [% m¥s) |m¥s) % |ms) |% m¥s) |m¥s) |%  |ms) |% (m’/s) m’s) (% |ms) [%
2-yr 0.6 0.6 -1% 0.6 -1% 0.3 0.4 5% 0.3 -5% 10.1 10.1 0% 10.1 0% 0.7 0.2 -72% (0.2 -12% 0.1 0.1 -60% (0.1 -60% 0.3 0.1 51% 0.1 -51% 4.2 4.3 3% 4.2 0%
5-yr 1.0 1.0 -1% 1.0 -1% 0.6 0.6 4% 0.5 -8% 18.1 18.1 0% 18.1 0% 1.2 0.3 -72% (0.3 -12% 0.2 0.1 -60% (0.1 -60% 0.5 0.3 51% 0.3 -51% 7.3 7.5 3% 74 0%
10-yr 1.4 1.4 -1% 1.4 -1% 0.7 0.8 3% 0.7 1% 24.8 24.8 0% 24.8  |0% 1.6 0.4 -73% (0.4 -73% 0.3 0.1 -60% (0.1 -60% 0.7 0.3 51% 0.3 -51% 9.9 102 |3% 9.9 0%
25-yr 2.0 1.9 2% 1.9 2% 1.0 1.0 3% 0.9 3% 33.7 33.7 0% 33.7  |0% 2.1 0.6 -73% 0.6 -73% 0.4 0.2 -59% (0.2 -59% 0.9 0.4 51% 0.4 -51% 13.2 13.6 3% 13.3 0%
50-yr 2.4 2.3 2% 2.3 2% 1.1 1.1 2% 1.1 -1% 39.7 39.7 0% 39.7  |0% 2.5 0.7 -713% 0.7 -73% 0.5 0.2 -60% (0.2 -60% 1.1 0.5 51% 0.5 -51% 15.5 159 |3% 15.5 0%
100-yr 2.9 2.8 2% 2.8 2% 1.3 1.3 2% 1.3 2% 48.0 48.0 0% 48.0 |o% 3.0 0.8 -74%  [0.8 -74% 0.5 0.2 -59% (0.2 -59% 1.3 0.6 51% 0.6 -51% 18.6 19.0 |3% 18.6 0%

HRP-8 HRP-9 HRP-10 HRP-11 HRP-12 HRP-13 | HRP-14

Pre-Dev Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM [Post with SWM [Pre-Dev| Post no SWM |Post with SWM]|Pre-Dev Post no SWM [Post with SWM
ID 408 408 408 409 409 409 SWMF3 1410 410 410 SWMF4 411 215 215 412 216 216 413 218 218 414 414 414 SWMFS
Areas ot Jtot (G2.H.LD)tot F2.G1G2H Lot (GLHADhp  |R (K.LM)tot, Khrp ot Lhrp it Mhrp ot Nhrp Ot (N,O)tot, (N,O)hrp

(G2,H-I, ))hrp Khrp Lhrp (Mhrp Nhrp Ohrp

A (ha) 38.7 38.70 730.72 753.14 15.39 31.22 10.91 1.21 8.07 1.94 15.54 4.54 212.44 22344

(m’/s) (m’/s) |% (m’s) |% (m’/s) (m’s) |% (m’/s) |% (m’/s) m’fs)  |% (m’/s) |% mfs)  |m’s) |% (m’/s) |% (m*s) |(m*s) |% m’fs) |% mYs) |m¥s) %  |m¥s) |% (m’/s) m’fs) % (m’s) |%
2-yr 0.3 0.3 0% 0.3 1% 4.5 4.6 3% 4.5 1% 0.2 0.4 107% 0.2 6% 0.1 0.02 -86%  [0.02 -86% 0.1 0.03  |-72% ]0.03 -72% 0.2 0.1 -67% 0.1 -67% 1.4 1.5 5% 1.4 0%
5-yr 0.5 0.5 0% 0.5 0% 7.9 8.2 3% 8.0 0% 0.3 0.6 105% (0.3 0% 0.2 0.03 -86%  [0.03 -86% 0.2 0.05 |-72% [0.05 -72% 0.3 0.1 -68% 0.1 -68% 2.5 2.6 4% 2.5 0%
10-yr 0.7 0.7 0% 0.7 0% 10.7 11.0 3% 10.7 0% 0.4 0.8 103%  |0.4 2% 0.3 0.04 -86%  [0.04 -86% 0.2 0.06  |-73% ]0.06 -73% 0.4 0.1 -68% 0.1 -68% 34 3.6 4% 3.4 0%
25-yr 1.0 1.0 1% 1.0 -1% 14.4 14.8 3% 144 |o% 0.5 1.1 103% 0.5 -4% 0.4 0.05 -87% [0.05 -87% 0.3 0.08 |-73% ]0.08 -73% 0.5 0.2 -68% 0.2 -68% 4.6 4.8 4% 4.6 0%
50-yr 1.2 1.1 -1% 1.1 1% 16.8 17.3 3% 16.8 0% 0.6 1.3 102%  |0.6 -5% 0.4 0.06 -87% [0.06 -87% 0.3 0.09  |-73% ]0.09 -73% 0.6 0.2 -68% 0.2 -68% 54 5.6 4% 5.4 0%
100-yr |14 1.4 -1% 1.4 1% 20.1 20.7 3% 202 [0% 0.8 1.5 102%  [0.7 -5% 0.5 0.07 -87%  [0.07 -87% 0.4 0.11  [|-73% ]0.11 -73% 0.8 0.2 -69% (0.2 -69% 6.5 6.7 4% 6.5 0%

HRP-15 HRP-16 HRP-17 HRP-18 HRP-19 HRP-20 | HRP-21

Pre-Dev Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM|Pre-Dev Post no SWM [Post with SWM [Pre-Dev| Post no SWM [Post with SWM]Pre-Dev| Post no SWM [Post with SWM [Pre-Dev| Post no SWM |Post with SWM]|Pre-Dev Post no SWM [Post with SWM
ID 415 415 415 SWMFs 416 416 416 SWMF6 417 417 417 418 223 223 419 419 419 SWMF7 |420 420 420 421 421 421 SWMF7
Areas (L,MN,O) (N.O)tot, (L-M-N-O)hrp Ptot Ptot, Phrp Qtot Qtot, Qhrp Rtot Rihrp Rtot,Parking Lot,Slext,S1rd,  S2rd- [S2ext, S2ext, T&U (R,S,T&U)tot (R.S.T&UYtot, (R,S,T&U)hrp

tot and hrp Phrp Qhrp IR [hrp uncontr. T&U (R,S,T&U)hrp
A (ha) 282.65 266.82 29.89 29.89 17.02 17.02 121.93 9.5 138.4 1682.71 |1682.7 1871.33 1871.33

(m’/s) (m’/s) |% (m’s) |% (m’/s) (m’s) |% (m’/s) |% (m’/s) m’fs)  |% (m’/s) |% m’s)  |m’s) |% (m’/s) |% (m*s) |(m%s) |% m’fs) |% mYs) |m¥s) % |m¥s) |% (m’/s) m’fs) [% (m’s) |%
2-yr 1.9 1.8 -6% 1.7 -10% 0.3 0.3 6% 0.3 0% 0.1 0.1 1% 0.1 1% 1.3 0.1 93% [0.1 -93% N/A 1.6 N/A |14 N/A 179 7.9 0% 179 0% 8.2 8.2 0% 8.2 0%
5-yr 3.4 3.2 -6% 3.1 -10% 0.5 0.5 4% 0.5 2% 0.3 0.3 0% 0.3 0% 2.2 0.1 93% [0.1 -93% N/A 2.8 N/A |24 N/A 14.0 14.0 0% [14.0 Jo% 14.6 145 0% 14.6 0%
10-yr 4.7 44 -6% 4.2 -10% 0.6 0.7 4% 0.6 -1% 0.3 0.3 0% 0.3 0% 3.0 0.2 93% (0.2 -93% N/A 3.7 N/A 3.2 N/A 18.9 18.9 0% (189 Jow 19.8 19.7 |-1% 19.7 0%
25-yr 6.3 5.8 7% 5.6 11% 0.9 0.9 3% 0.9 1% 0.5 0.5 0% 0.5 0% 4.0 0.3 93% (0.3 -93% N/A 4.9 N/A 4.3 N/A  ]25.3 25.3 0% [25.3 0% 26.6 264  |-1%  |26.5 0%
50-yr 7.3 6.9 7% 6.6 11% 1.0 1.0 2% 1.0 1% 0.5 0.5 0% 0.5 0% 4.6 0.3 93% (0.3 -93% N/A 5.7 N/A 5.0 N/A  ]29.7 29.7 0% [29.7  Jow 31.2 31.0 |-1% |31.1 0%
100-yr ]8.3 8.2 1% 7.9 5% 1.2 1.3 2% 1.2 0% 0.7 0.7 0% 0.7 0% 5.6 0.4 93% (0.4 -93% N/A 6.7 N/A 6.0 N/A 355 35.5 0% |[35.5 0% 374 37.1 |-1% |37.3 0%

SWM required

no SWM required
Notes: peak flows are reported with one decimal place but % calculated based on peak flows extracted from Visual Otthymo Model - 3 decimal places

total areas=areas upstream of Hwy 26-new (roadway-+external areas); hrp areas=areas downstream of Hwy 26-new
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Highway 26 New Alignment beyween Collingwood and Wasaga Beach (GWP 630-91-00)
Drainage Hydrology and Stormwater Management Report

Tabel 9. Post-Development Condition without and with SWM - Peak Flows to HRPs: Chicago 4-hr

HRP-1 HRP-2 HRP-3 HRP-4 HRP-5 HRP-6 HRP-7
Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM [Post with SWM |Pre-Dev | Post no SWM |Post with SWM |Pre-Dev| Post no SWM [Post with SWM |Pre-Dev | Post no SWM |Post with SWM |Pre-Dev Post no SWM [Post with SWM
1D 401 401 401 402 402 402 SWMF1 {403 403 4.03 404 207 207 405 208 205 406 209 209 407 407 407 SWMF3
Areas  |(Al, A2)tot (AL A2)tot Btot Bot, Bhrp (C2 toE)tot (C2, C.D.E2 Eytot Fext, (C2 toB)hrp Fltot Flhrp F2tot F2hip Gltot Gl hip (G2,H,Dtot (F2,G1,G2,H,Dtot, Frd,
Bhrp (C2 toE)hrp Flhrp F2hrp G1hrp (G2, (H-D1hrp (G2,(H-IDhrp
A (ha) 147.72 147.72 21.5 21.5 6556.08 6626.56 88.88 15.97 10.94 4.55 26.12 12.52 673.62 696.04
(m’/s) m’s) |% m’fs) |% (m’/s) m’fs) |% m’/s) |% (m’/s) m’s) |% m’s) |% m’s)  |ms) |% m’s) |% m%s) |m¥s) |% m’s) |% m%s) |m’s) |% m’s) |% (m’/s) m’/s) |% m’s) |%
2-yr 0.4 0.4 -1% 0.4 -1% 0.3 0.3 11% 0.3 -5% 7.3 7.3 0% 7.3 0% 0.5 0.2 -65% 0.2 -65% 0.1 0.04  |-60% [0.04 -60% 0.3 0.1 -49% 0.1 -49% 3.0 3.1 3% 3.1 0%
5-yr 0.8 0.7 2% 0.7 2% 0.5 0.6 6% 0.5 -14% 13.4 13.4 0% 134 |o% 0.9 0.3 -65% 0.3 -65% 0.2 0.08 |-60% [0.08 -60% 0.5 0.2 -49% 0.2 -49% 5.5 5.6 3% 5.5 0%
10-yr 1.1 1.1 2% 1.1 2% 0.7 0.8 3% 0.7 8% 18.5 18.5 0% 18.5 0% 1.2 0.4 65% 104 -65% 0.3 0.11 |-60% |0.11 -60% 0.7 0.3 -49% 10.3 -49% 7.6 7.8 3% 7.6 0%
25-yr 1.5 1.4 2% 14 2% 1.0 1.0 3% 0.9 9% 25.0 25.0 0% 250  fo% 1.6 0.6 65% 0.6 -65% 0.4 0.15 |-61% ]0.15 61% 0.9 0.5 -49% 0.5 -49% 10.2 104 3% 10.2 0%
50-yr 1.8 1.8 2% 1.8 2% 1.2 1.2 3% 1.1 -10% 30.3 30.3 0% 30.3 0% 2.0 0.7 65% 0.7 -65% 0.5 0.19  |-61% ]0.19 61% 1.1 0.6 -49% 0.6 -49% 12.3 12.6 2% 12.3 0%
100-yr 2.2 2.1 -2% 2.1 -2% 14 14 0% 1.2 -10% 36.1 36.1 0% 36.1 0% 24 0.8 65% 0.8 -65% 0.6 022 |-61% ]0.22 -61% 1.3 0.7 -49% 0.7 -49% 14.6 150 |2% 14.6 0%
HRP-8 HRP-9 HRP-10 HRP-11 HRP-12 HRP-13 HRP-14
Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM [Pre-Dev | Post no SWM |Post with SWM |Pre-Dev| Post no SWM [Post with SWM |Pre-Dev | Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM
1D 408 408 408 409 409 409 SWMF3 [410 410 410 SWMF4 411 215 215 412 216 216 413 218 218 414 414 414 SWMF5
Areas ot Jtot (G2 HLTjtot (F2,G1G2H LYo, (G2 HAL hp [0 (K.LMtot, Khrp Lot Lhrp Mot Mhip Neot Nhip Otot (N.Oytot, (N,O)hrp
(G2,H-1, Dhrp Khrp Lhrp Mhip Nhrp Ohrp
A (ha) 38.7 38.70 730.72 753.14 15.39 31.22 10.91 121 8.07 1.94 15.54 4.54 212.44 223.44
(m’/s) m’s) |% (m’fs) |% (m’/s) m’fs) |% m’/s) |% (m’/s) m’s) |% m’s) |% ms) |m's) |% m’s) |% m%s) |ms) |% m’s) |% (m%s) |m’s) |% m’s) |% (m’/s) m’/s) |% m’s) |%
2-yr 0.2 0.2 1% 0.2 1% 3.3 34 3% 3.3 0% 0.2 0.4 105%  [0.1 -13% 0.1 0.02 -78% 10.02 -78% 0.1 0.03  |-65% [0.03 -65% 0.2 0.1 -64% 0.1 -64% 1.1 1.1 4% 1.1 0%
5-yr 0.4 0.4 0% 0.4 0% 5.9 6.1 3% 6.0 0% 0.3 0.6 96% 0.3 -17% 0.2 0.04 -78%  10.04 -78% 0.2 0.06  |-65% [0.06 -65% 0.3 0.1 -64% 0.1 -64% 1.9 2.0 4% 1.9 0%
10-yr 0.6 0.6 -1% 0.6 -1% 8.2 8.4 3% 8.2 0% 0.4 0.9 93% 0.4 21% 0.3 0.06 -78% 10.06 -78% 0.3 0.09  |-65% [0.09 -65% 0.4 0.2 -64% 0.2 -64% 2.7 2.8 4% 2.7 0%
25-yr 0.8 0.8 -1% 0.8 -1% 11.0 11.3 3% 11.0  |o% 0.6 1.2 91% 0.5 24% 0.4 0.08 -78% |0.08 -78% 0.3 012 |-65% [0.12 -65% 0.6 0.2 -64% 0.2 -64% 3.6 3.7 4% 3.6 0%
50-yr 1.0 1.0 2% 1.0 2% 13.4 13.7 2% 134 |o% 0.7 14 89% 0.6 26% 0.4 0.09 -78% 10.09 -78% 0.4 0.15 |-65% [0.15 -65% 0.7 0.3 -65% 0.3 -65% 4.4 4.5 4% 4.4 0%
100-yr 1.2 1.1 2% 1.1 2% 15.8 16.2 2% 159  |o% 0.9 1.7 88% 0.7 26% 0.5 0.11 78%  |0.11 -78% 0.5 0.17 |-66% [0.17 -66% 0.9 0.3 -65% 0.3 -65% 52 5.4 4% 5.2 0%
HRP-15 HRP-16 HRP-17 HRP-18 HRP-19 HRP-20 HRP-21
Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM [Pre-Dev Post no SWM |Post with SWM [Pre-Dev | Post no SWM |Post with SWM |Pre-Dev| Post no SWM [Post with SWM |Pre-Dev | Post no SWM |Post with SWM |Pre-Dev Post no SWM |Post with SWM
ID 415 415 415 SWMF5 416 416 416 SWMF6 |417 417 417 418 223 223 419 419 419 SWMF7 1420 420 420 421 421 421 SWMF7
Areas - [(LMN.O) (NOytot, (L-M-N-Ophrp ot Ptot, Phrp Lt Quot, Qhrp Koot Rihrp RtotParking LotSlext,Sird, - Sard- fS2ext, S2ext, T&U (.5, T&U)ot ® S,T&U)t0t, (RS, T&Uhrp
tot and hrp Phrp Qhrp R1hrp uncontr. T&U (R,S,T&U)hrp
A (ha) 282.65 266.82 29.89 29.89 17.02 17.02 121.93 9.5 138.4 1682.71 |1682.7 1871.33 1871.33
(m’/s) (m’s) |% (m’/s) |% (m’/s) (m’/s) |% (m’/s) |% (m’/s) m’s) |% (m’s) [% ms)  |m's) |% (m’s) [% ms) |m¥s) %  |m¥s) |% ms) sy % |ms) [% (m’/s) (m’/s) % m’s) |%
2-yr 14 1.3 -5% 13 9% 0.2 0.2 0% 0.2 2% 0.1 0.1 0% 0.1 4% 1.2 0.1 94% 0.1 94% N/A 1.9 N/A (14 N/A |58 5.8 0% 15.8 0% 6.1 6.1 0% 6.1 0%
S-yr 2.5 2.4 -5% 23 9% 0.4 0.5 3% 0.4 3% 0.2 0.2 0% 0.2 1% 2.2 0.1 94% 0.1 -94% N/A 3.0 N/A [2.6 N/A 10.4 10.4 0% 104  fo% 11.0 109 [-1% [10.9 0%
10-yr 3.5 3.3 -6% 3.2 9% 0.6 0.6 0% 0.6 2% 0.3 0.3 0% 0.3 0% 3.1 0.2 94% 0.2 -94% N/A 4.1 N/A [3.6 N/A 14.3 14.3 0% |14.3 0% 15.1 150 |[-1% [15.0 0%
25-yr 4.8 4.5 -6% 43 9% 0.8 0.9 2% 0.8 0% 0.4 0.4 0% 0.4 -1% 4.3 0.3 94% 0.3 -94% N/A 5.5 N/A [4.8 N/A 19.2 19.2 0% 119.2  fo% 20.3 201 |-1% [20.2 0%
50-yr 5.8 55 -6% 53 9% 1.0 1.0 0% 1.0 0% 0.5 0.5 0% 0.5 2% 5.3 0.3 94% 0.3 -94% N/A 6.7 N/A [5.9 N/A  |23.2 23.2 0% 1232  fo% 24.5 243 |-1% [244 0%
100-yr  ]6.9 6.5 6% 6.3 9% 1.2 1.2 0% 1.2 2% 0.6 0.6 0% 0.6 2% 6.3 0.4 94% 0.4 -94% N/A 8.0 N/A |[7.0 N/A 275 27.5 0% |27.5 0% 29.0 288 [-1% [28.9 0%
SWM required
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Summary 1A: Options

Infiltration method

Flow routing method

Starting date

Curve Number

Dynamic Wave

Oct-7-2013 12:00:00 AM

Curve Number

Dynamic Wave

Oct-7-2013 12:00:00 AM

Name Timmins 100 2
Year Year
Event
Flow Units CMS CMS CMS

Curve Number

Dynamic Wave

Link offsets defined by Depth Depth Depth
Allow ponding No No No

Skip steady flow periods No No No
Inertial dampening Partial Partial Partial

Define supercritical flow by Both Both Both
Force Main Equation H-W H-W H-W
Variable time step On On On
Adjustment factor (%) 75 75 75
Conduit lengthening (s) 0 0 0
Minimum surface area (m=2) 0] 0 0

Oct-7-2013 12:00:00 AM

Ending date | Oct-8-2013 12:00:00 AM | Oct-8-2013 12:00:00 AM | Oct-8-2013 12:00:00 AM
Duration of simulation (hours) 24 24 24
Antecedent dry days (days) 0 0 0
Rain interval (h:mm) 1:00 0:06 0:06
Report time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Wet time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Dry time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Routing time step (s) 5 5 5
Minimum time step used (s) 3.66 4.31 5
Average time step used (s) 4.45 4.83 5
Minimum conduit slope 0] 0 0
Ignore rainfall/runoff No No No
Ignore snow melt No No No
Ignore groundwater No No No
Ignore flow routing No No No
Ignore water quality No No No
Report average results No No No
10 Year Event PCSWMM 7.4.3240
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Summary 1B: Options

Infiltration method

Flow routing method

Starting date

Curve Number

Dynamic Wave

Oct-7-2013 12:00:00 AM

Curve Number

Dynamic Wave

Oct-7-2013 12:00:00 AM

Name 5 10 25
Year Year Year
Event Event Event
Flow Units CMS CMS CMS

Curve Number

Dynamic Wave

Link offsets defined by Depth Depth Depth
Allow ponding No No No

Skip steady flow periods No No No
Inertial dampening Partial Partial Partial

Define supercritical flow by Both Both Both
Force Main Equation H-W H-W H-W
Variable time step On On On
Adjustment factor (%) 75 75 75
Conduit lengthening (s) 0 0 0
Minimum surface area (m=2) 0] 0 0

Oct-7-2013 12:00:00 AM

Ending date | Oct-8-2013 12:00:00 AM | Oct-8-2013 12:00:00 AM | Oct-8-2013 12:00:00 AM
Duration of simulation (hours) 24 24 24
Antecedent dry days (days) 0 0 0
Rain interval (h:mm) 0:06 0:06 0:06
Report time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Wet time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Dry time step (h:mm:ss) 00:05:00 00:05:00 00:05:00
Routing time step (s) 5 5 5
Minimum time step used (s) 5 5 4.93
Average time step used (s) 5 5 5
Minimum conduit slope 0] 0 0
Ignore rainfall/runoff No No No
Ignore snow melt No No No
Ignore groundwater No No No
Ignore flow routing No No No
Ignore water quality No No No
Report average results No No No
10 Year Event PCSWMM 7.4.3240
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Summary 1C: Options

Name 50

Year

Event
Flow Units CMS
Infiltration method Curve Number
Flow routing method Dynamic Wave
Link offsets defined by Depth
Allow ponding No
Skip steady flow periods No
Inertial dampening Partial
Define supercritical flow by Both
Force Main Equation H-W
Variable time step On
Adjustment factor (%) 75
Conduit lengthening (s) 0
Minimum surface area (m=2) 0

Starting date | Oct-7-2013 12:00:00 AM
Ending date | Oct-8-2013 12:00:00 AM

Duration of simulation (hours) 24
Antecedent dry days (days) 0
Rain interval (h:mm) 0:06
Report time step (h:mm:ss) 00:05:00
Wet time step (h:mm:ss) 00:05:00
Dry time step (h:mm:ss) 00:05:00
Routing time step (s) 5
Minimum time step used (s) 4.59
Average time step used (s) 4.92
Minimum conduit slope 0
Ignore rainfall/runoff No
Ignore snow melt No
Ignore groundwater No
Ignore flow routing No
Ignore water quality No
Report average results No

10 Year Event PCSWMM 7.4.3240
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Summary 2: Model inventory

Name Timmins | 100 2 5 10 25 50
Year| Year | Year | Year | Year | Year
Event | Event | Event | Event | Event

Raingages 9 9 14 14 14 14 14
Subcatchments 1 1 1 1 1 1 1
Aquifers 0 0 0 0 0 0 0
Snowpacks 0 0 0 0 0 6] 0
RDII hydrographs 0 0 0 0 0 0 0
Junction nodes 1 1 1 1 1 1 1
Outfall nodes 1 1 1 1 1 1 1
Flow divider nodes 0 0 0 0 0 0 0
Storage unit nodes 0 0 0 0 0 0 0
Conduit links 1 1 1 1 1 1 1
Pump links 0 0 0 0 0 0 0
Orifice links 0 0 0 0 0 0 0
Weir links 0 0 0 0 0 0 0
Outlet links 0 0 0 0 0 0 0
Treatment units 0 0 0 0 0 0 0]
Transects 0 0 0 0 0 0 0
Control rules 0 0 0 0 0 0 0
Pollutants 0 0 0 0 0 0 0
Land Uses 0 0 0 0 0 0 0
Control Curves 0 0 0 0 0 0 0
Diversion Curves 0 0 0 0 0 0 0
Pump Curves 0 0 0 0 0 6] 0
Rating Curves 0 0 0 0 0 0 0
Shape Curves 0] 0 0 0 0 0 0
Storage Curves 0 0 0 0 0 6] 0
Tidal Curves 0 0 0 0 0 0 0
Weir Curves 0 0 0 0 0 0 0
Time Series 9 9 14 14 14 14 14
Time Patterns 0 0 0 0 0 0 0

10 Year Event PCSWMM 7.4.3240
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Summary 3: Model complexity

PCSWMM 7.4.3240

Name Timmins | 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Subcatchments 13 13 13 13 13 13 13
Groundwater 0 0 0 0 0 0 0
Aquifers n/a| n/a n/a n/a n/a n/a n/a
Snowpacks n/a| n/a n/a n/a n/a n/a n/a
RDII hydrographs n/a| n/a n/a n/a n/a n/a n/a
Junction nodes 2 2 2 2 2 2 2
Outfall nodes 1 1 1 1 1 1 1
Flow divider nodes n/a| n/a n/a n/a n/a n/a n/a
Storage unit nodes n/a| n/a n/a n/a n/a n/a n/a
Conduit links 7 7 7 7 7 7 7
Pump links n/a| n/a n/a n/a n/a n/a n/a
Orifice links n/a| n/a n/a n/a n/a n/a n/a
Weir links n/a| n/a n/a n/a n/a n/a n/a
Outlet links n/a| n/a n/a n/a n/a n/a n/a
Transect n/a| n/a n/a n/a n/a n/a n/a
Pollutants n/a| n/a n/a n/a n/a n/a n/a
Land Uses n/a| n/a n/a n/a n/a n/a n/a
Model complexity (total uncertain input parameters) 23 23 23 23 23 23 23
Summary 4: Inflows
Name Timmins | 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Time series inflows 0 0 0 0 0 0 0
Dry weather 0 0 0 0 0 6] 0
Groundwater 0 0 0 0 0 0 0
RDII inflows 0 0 0 0 0 0 0
10 Year Event
April 6, 2022 Page 7 of 30
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Summary 5: Subcatchment statistics

Name Timmins| 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event

Max. width (m) 750 750 750 750 750 750 750
M

n. width (m) 750 750 750 750 750 750 750
Max. area ( ha) 259.35|259.35| 259.35 | 259.35 | 259.35 | 259.35 | 259.35
M

n. area ( ha) 259.35|259.35| 259.35 | 259.35 | 259.35 | 259.35 | 259.35
Total area ( ha) 259.35|259.35|259.35|259.35 | 259.35 | 259.35 | 259.35

Max. length of overland flow (m) 3458 | 3458| 3458| 3458| 3458| 3458| 3458
Min. length of overland flow (m) 3458 | 3458| 3458| 3458 3458| 3458| 3458
Max. slope (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Min. slope (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Max. imperviousness (%) 1 1 1 1 1 1 1

Min. imperviousness (%) 1 1 1 1 1 1 1

Max. imp. roughness 0.013| 0.013| 0.013| 0.013| 0.013| 0.013| 0.013
Min. imp. roughness 0.013| 0.013| 0.013| 0.013| 0.013| 0.013| 0.013

Max. perv. roughness 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Min. perv. roughness 0.05 0.05 0.05 0.05 0.05 0.05 0.05

Max. imp. depression storage (mm) 2 2 2 2 2 2 2
Min. imp. depression storage (mm) 2 2 2 2 2 2 2

Max. perv. depression storage (mm) 7 7 7 7 7 7 7
Min. perv. depression storage (mm) 7 7 7 7 7 7 7

Summary 6: Node statistics

Name Timmins | 100 2 5 10 25 50

Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Max. ground elev. (m) 185| 185 185 185 185 185 185
Min. ground elev. (m) 185| 185 185 185 185 185 185
Max. invert elev. (m) 183 | 183 183 183 183 183 183
Min. invert elev. (m) 181 | 181 181 181 181 181 181
Max. depth (m) 2 2 2 2 2 2 2
Min. depth (m) 2 2 2 2 2 2 2

10 Year Event PCSWMM 7.4.3240
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Summary 7: Conduit statistics

Name Timmins| 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Max. roughness 0.013| 0.013| 0.013| 0.013| 0.013| 0.013| 0.013
Min. roughness 0.013| 0.013| 0.013| 0.013| 0.013| 0.013| 0.013
Max. entry loss coef. 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Min. entry loss coef. 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Max. exit loss coef. 1 1 1 1 1 1 1
Min. exit loss coef. 1 1 1 1 1 1 1
Max. avg. loss coef. 0 0 0 0 0 0 0
Min. avg. loss coef. 0 0 0 0 0 0 0
Max. length (m) 39.63| 39.63| 39.63| 39.63| 39.63| 39.63| 39.63
Min. length (m) 39.63| 39.63| 39.63| 39.63| 39.63| 39.63| 39.63
Total length (m) 39.63| 39.63| 39.63| 39.63| 39.63| 39.63| 39.63
Max. slope (m/m) 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505
Min. slope (m/m) 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505 | 0.0505
Summary 8: Conduit Inventory
Name Timmins | 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Closed Rectangular (m) 39.63(39.63| 39.63| 39.63| 39.63| 39.63| 39.63
Summary 9: Pipe inventory
Name Timmins | 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Max. pipe diameter (m) n/a| n/a n/a n/a n/a n/a n/a
Min. pipe diameter (m) n/a| n/a n/a n/a n/a n/a n/a
Total pipe length (m) n/a| n/a n/a n/a n/a n/a n/a
10 Year Event
April 6, 2022 Page 9 of 30
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Summary 10: Unused objects

Name Timmins | 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event
Rain Gages 8 8 13 13 13 13 13
Aquifers n/a| n/a n/a n/a n/a n/a n/a
Snow Packs n/a| n/a n/a n/a n/a n/a n/a
Unit Hydrographs n/a| n/a n/a n/a n/a n/a n/a
Transects n/a| n/a n/a n/a n/a n/a n/a
Control Curves n/a| n/a n/a n/a n/a n/a n/a
Diversion Curves n/a| n/a n/a n/a n/a n/a n/a
Pump Curves n/a| n/a n/a n/a n/a n/a n/a
Rating Curves n/a| n/a n/a n/a n/a n/a n/a
Shape Curves n/a| n/a n/a n/a n/a n/a n/a
Storage Curves n/a| n/a n/a n/a n/a n/a n/a
Tidal Curves n/a| n/a n/a n/a n/a n/a n/a
Weir Curves n/a| n/a n/a n/a n/a n/a n/a
Time Series 0 0 0 0 0 0 0
Time Patterns n/a| n/a n/a n/a n/a n/a n/a

Summary 11: Runoff quantity continuity

Name Timmins 100 2 5 10 25 50
Year Year Year Year Year Year
Event | Event | Event | Event | Event

Initial LID storage (mm) n/a n/a n/a n/a n/a n/a n/a
Initial snow cover (mm) n/a n/a n/a n/a n/a n/a n/a
Total precipitation (mm) | 193.000 |121.000 |54.900 | 72.600 | 84.300 | 99.200 | 110.100
Outfall runon (mm) n/a n/a n/a n/a n/a n/a n/a
Evaporation loss (mm) 0.000 0.000| 0.000| 0.000| 0.000| 0.000 0.000
Infiltration loss (mm) 90.027| 61.193|37.902 |45.658 |50.068 | 55.022 | 58.250
Surface runoff (mm) 91.490| 36.088| 3.783|10.128|15.439(23.190| 29.436

LID drainage (mm) n/a n/a n/a n/a n/a n/a n/a
Snow removed (mm) n/a n/a n/a n/a n/a n/a n/a
Final snow cover (mm) n/a n/a n/a n/a n/a n/a n/a

Final storage (mm) 11.497| 23.784|13.228|16.842|18.830|21.037| 22.471
Continuity error (%) -0.007| -0.054|-0.025| -0.038| -0.044 | -0.049| -0.052

10 Year Event PCSWMM 7.4.3240
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Summary 12: Flow routing continuity

Name Timmins| 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event

Dry weather inflow (ML) 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
Wet weather inflow (ML) | 237.221(93.091| 9.711|26.056|39.754 |59.766 | 75.901
Groundwater inflow (ML) 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
RDII inflow (ML) 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
External inflow (ML) 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
External outflow (ML) | 178.293|93.084 | 9.709|26.053|39.750 |59.761 | 75.895
Flooding loss (ML) 58.929| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
Evaporation loss (ML) n/a n/a n/a n/a n/a n/a n/a
Exfiltration loss (ML) n/a n/a n/a n/a n/a n/a n/a
Initial stored volume (ML) 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000
Final stored volume (ML) 0.003| 0.012| 0.004| 0.006| 0.008| 0.010| 0.011
Continuity error (%) -0.001 | -0.005|-0.018| -0.011 | -0.009 | -0.007 | -0.006

Summary 13: Results statistics

Name Timmins| 100 2 5 10 25 50
Year | Year | Year Year Year Year
Event | Event | Event | Event | Event

Max. subcatchment total runoff (ML) 237.28 93.6| 9.81| 26.27| 40.04| 60.14| 76.34
Max. subcatchment peak runoff (m3/s) 8.92 2.94| 0.52 0.77 1.09 1.7 2.27
Max. subcatchment runoff coefficient 0.474| 0.298| 0.069 0.14| 0.183| 0.234| 0.267

Max. subcatchment total precip (mm) 193 121 | 54.9 72.6 84.3 99.2| 110.1
Min. subcatchment total precip (mm) 193 121 | 54.9 72.6 84.3 99.2| 110.1
Max. node depth (m) 2 0.67| 0.15 0.2 0.27 0.41 0.53

Num. nodes surcharged 1 0 0 0 0 0 0

Max. node surcharge duration (hours) 7.2 0 0 0 0 0 0
Max. node height above crown (m) 1.1 0 0] 0] 0] 0] 0
Min. node depth below rim (m) 0 0 0 0 0 0 0

Num. nodes flooded 1 0 0 0 0 0 0

Max. node flooding duration (hours) 6.36 0 0 0 0 0 0
Max. node flood volume (ML) 58.928 0 0 0 0 0 0

Max. node ponded volume or depth (ha-mm/1000 m3/m) 2 0 0 0 0 0 0
Max. storage volume (1000 m3) n/a n/a n/a n/a n/a n/a n/a

Max. storage percent full (%) n/a n/a n/a n/a n/a n/a n/a

Max. outfall flow frequency (%) 99.99| 99.84| 99.67| 99.73| 99.78 99.8| 99.82
Max. outfall peak flow (m3/s) 4.767| 2.937| 0.519| 0.767 1.09| 1.702| 2.267
Max. outfall total volume (ML) | 178.293|93.084 | 9.709 |26.052| 39.75| 59.76|75.894
Total outfall volume (ML) | 178.293|93.084 | 9.709 | 26.052 | 39.750 | 59.760 | 75.894

10 Year Event PCSWMM 7.4.3240
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Summary 13: Results statistics (continued...)

Name Timmins| 100 2 5 10 25 50
Year | Year | Year | Year | Year | Year
Event | Event | Event | Event | Event

Max. link peak flow (m3/s) 4.767| 2.937| 0.519| 0.767 1.09| 1.702| 2.267

Max. link peak velocity (m/s) 5.48 4.64| 3.25 3.59 3.89 4.24 4.45

Min. link peak velocity (m/s) 5.48 4.64| 3.25 3.59 3.89 4.24 4.45

Num. conduits surcharged 0 0 0 0 0 0 0

Max. conduit surcharge duration (hours) 0 0 0 0 0 0 0

Max. conduit capacity limited duration (hours) 0 0 0 0 0 0] 0

10 Year Event PCSWMM 7.4.3240
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Extent 1

Figure 1
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Figure 2: Regional vs 100 Year Peak
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Figure 3: Regional Peak



220z ‘9 |udy
JUSAT JedA OT

0€ Jo 9T abed

STO'T°'S WAMS

ovee 'L WNMSOd

Runoff (m¥/s)

S1 100 Year

2.5

1.5

0.5

0

Oct 2013

I
7 Mon

I
3AM

T
6AM

T T
9AM 12PM
Date/Time

Figure 4: 100 Year Peak

|
3PM

|
6PM

|
9PM

T
8 Tue




220z ‘9 |udy
JUSAT J1esA 0T

Runoff (m¥/s)

o€ Jo /T abed

STO'T'S WAMS
ovee 'L WNMSOd

Subcatchment S1

10 Year Event Timmins 2 Year Event

100 Year

5 Year Event 25 Year Event 50 Year Event

0

T T T T T T T T T
7 Mon 3AM 6AM 9AM 12PM 3PM 6PM 9PM 8 Tue
Oct 2013 Date/Time

Figure 5: Peak Flow
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Figure 7: 5 Year Peak
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Time Series 1: Peak Flow

Date/Time
(M/D/Y)

10/7/2013 12:05:00
10/7/2013 12:10:00
10/7/2013 12:15:00
10/7/2013 12:20:00
10/7/2013 12:25:00
10/7/2013 12:30:00
10/7/2013 12:35:00
10/7/2013 12:40:00
10/7/2013 12:45:00
10/7/2013 12:50:00
10/7/2013 12:55:00
10/7/2013 01:00:00
10/7/2013 01:05:00
10/7/2013 01:10:00
10/7/2013 01:15:00
10/7/2013 01:20:00
10/7/2013 01:25:00
10/7/2013 01:30:00
10/7/2013 01:35:00
10/7/2013 01:40:00
10/7/2013 01:45:00
10/7/2013 01:50:00
10/7/2013 01:55:00
10/7/2013 02:00:00
10/7/2013 02:05:00
10/7/2013 02:10:00
10/7/2013 02:15:00
10/7/2013 02:20:00
10/7/2013 02:25:00
10/7/2013 02:30:00
10/7/2013 02:35:00
10/7/2013 02:40:00
10/7/2013 02:45:00
10/7/2013 02:50:00
10/7/2013 02:55:00
10/7/2013 03:00:00
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 05:05

10/7/2013 05:15

10/7/2013 05:35

10/7/2013 05:45

10/7/2013 05:55

10/7/2013 03:05:
10/7/2013 03:10:
10/7/2013 03:15:
10/7/2013 03:20:
10/7/2013 03:25:
10/7/2013 03:30:
10/7/2013 03:35:
10/7/2013 03:40:
10/7/2013 03:45:
10/7/2013 03:50:
10/7/2013 03:55:
10/7/2013 04:00:
10/7/2013 04:05:
10/7/2013 04:10:
10/7/2013 04:15:
10/7/2013 04:20:
10/7/2013 04:25:
10/7/2013 04:30:
10/7/2013 04:35:
10/7/2013 04:40:
10/7/2013 04:45:
10/7/2013 04:50:
10/7/2013 04:55:
10/7/2013 05:00:

10/7/2013 05:10:

10/7/2013 05:20:
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10/7/2013 06:00:
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 06:05:00
10/7/2013 06:10:00
10/7/2013 06:15:00
10/7/2013 06:20:00
10/7/2013 06:25:00
10/7/2013 06:30:00
10/7/2013 06:35:00
10/7/2013 06:40:00
10/7/2013 06:45:00
10/7/2013 06:50:00
10/7/2013 06:55:00
10/7/2013 07:00:00
10/7/2013 07:05:00
10/7/2013 07:10:00
10/7/2013 07:15:00
10/7/2013 07:20:00
10/7/2013 07:25:00
10/7/2013 07:30:00
10/7/2013 07:35:00
10/7/2013 07:40:00
10/7/2013 07:45:00
10/7/2013 07:50:00
10/7/2013 07:55:00
10/7/2013 08:00:00
10/7/2013 08:05:00
10/7/2013 08:10:00
10/7/2013 08:15:00
10/7/2013 08:20:00
10/7/2013 08:25:00
10/7/2013 08:30:00
10/7/2013 08:35:00
10/7/2013 08:40:00
10/7/2013 08:45:00
10/7/2013 08:50:00
10/7/2013 08:55:00
10/7/2013 09:00:00
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 09:05:00
10/7/2013 09:10:00
10/7/2013 09:15:00
10/7/2013 09:20:00
10/7/2013 09:25:00
10/7/2013 09:30:00
10/7/2013 09:35:00
10/7/2013 09:40:00
10/7/2013 09:45:00
10/7/2013 09:50:00
10/7/2013 09:55:00
10/7/2013 10:00:00
10/7/2013 10:05:00
10/7/2013 10:10:00
10/7/2013 10:15:00
10/7/2013 10:20:00
10/7/2013 10:25:00
10/7/2013 10:30:00
10/7/2013 10:35:00
10/7/2013 10:40:00
10/7/2013 10:45:00
10/7/2013 10:50:00
10/7/2013 10:55:00
10/7/2013 11:00:00
10/7/2013 11:05:00
10/7/2013 11:10:00
10/7/2013 11:15:00
10/7/2013 11:20:00
10/7/2013 11:25:00
10/7/2013 11:30:00
10/7/2013 11:35:00
10/7/2013 11:40:00
10/7/2013 11:45:00
10/7/2013 11:50:00
10/7/2013 11:55:00
10/7/2013 12:00:00
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 12:05:00
10/7/2013 12:10:00
10/7/2013 12:15:00
10/7/2013 12:20:00
10/7/2013 12:25:00
10/7/2013 12:30:00
10/7/2013 12:35:00
10/7/2013 12:40:00
10/7/2013 12:45:00
10/7/2013 12:50:00
10/7/2013 12:55:00
10/7/2013 01:00:00
10/7/2013 01:05:00
10/7/2013 01:10:00
10/7/2013 01:15:00
10/7/2013 01:20:00
10/7/2013 01:25:00
10/7/2013 01:30:00
10/7/2013 01:35:00
10/7/2013 01:40:00
10/7/2013 01:45:00
10/7/2013 01:50:00
10/7/2013 01:55:00
10/7/2013 02:00:00
10/7/2013 02:05:00
10/7/2013 02:10:00
10/7/2013 02:15:00
10/7/2013 02:20:00
10/7/2013 02:25:00
10/7/2013 02:30:00
10/7/2013 02:35:00
10/7/2013 02:40:00
10/7/2013 02:45:00
10/7/2013 02:50:00
10/7/2013 02:55:00
10/7/2013 03:00:00

Runoff
(m3/s)
S1
10
Year
Event

0.75
0.737
0.755

0.78
0.802
0.819
0.834
0.851
0.868
0.884
0.898
0.911
0.922
0.934
0.944
0.954
0.962

0.97
0.977
0.983
0.989
0.994
0.998
1.001
1.004
1.007

1.01
1.013
1.015
1.018
1.019
1.021
1.022
1.024
1.024
1.025

Runoff
(m3/s)
S1
100
Year

2.492
2.541
2.618

2.69
2.747
2.785
2.812
2.841
2.866
2.888
2.904
2.917
2.925
2.931
2.935
2.937
2.936
2.933
2.927
2.921
2.912
2.902
2.891
2.878
2.864

2.85
2.836
2.821
2.807
2.792
2.776
2.761
2.745
2.729
2.713
2.696

Runoff
(m3/s)
S1
2
Year
Event

0.162
0.122
0.109
0.105
0.103
0.102
0.101
0.103
0.106

0.11
0.113
0.116
0.119
0.122
0.125
0.129
0.132
0.135
0.138
0.141
0.143
0.146
0.149
0.151
0.154
0.156
0.159
0.161
0.164
0.166
0.169
0.171
0.173
0.176
0.178

0.18

Runoff
(m3/s)
S1
25
Year
Event

1.318
1.328
1.368
1.412
1.448
1.475
1.497
1.521
1.543
1.564
1.582
1.597

1.61
1.622
1.633
1.642

1.65
1.656
1.661
1.665
1.668
1.669

1.67

1.67
1.669
1.667
1.666
1.665
1.663
1.661
1.658
1.655
1.652
1.648
1.644

1.64

Runoff
(m3/s)
S1
5
Year
Event

0.433
0.407

0.41
0.421
0.433
0.442

0.45
0.462
0.473
0.484
0.494
0.504
0.512
0.521
0.529
0.537
0.544
0.551
0.557
0.563
0.568
0.574
0.578
0.582
0.586

0.59
0.594
0.598
0.602
0.605
0.608
0.611
0.614
0.617

0.62
0.622

Runoff
(m3/s)
S1
50
Year
Event

1.854
1.882

1.94
1.998
2.046
2.079
2.104
2.131
2.156
2.178
2.197
2.212
2.223
2.234
2.242
2.249
2.254
2.257
2.258
2.257
2.256
2.253
2.248
2.243
2.236

2.23
2.223
2.216
2.209
2.201
2.193
2.185
2.176
2.167
2.158
2.148

Runoff
(m3/s)
S1
Timmins

6.895
6.675
6.469
6.273
6.085
5.905
5.732
5.566
5.406
5.251
5.102
4.959
4.821
4.687
4.558
4.433
4.313
4.196
4.084
3.975
3.869
3.767
3.668
3.573

3.48

3.39
3.303
3.219
3.137
3.058
2.981
2.906
2.834
2.763
2.695
2.628
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 03:05:00
10/7/2013 03:10:00
10/7/2013 03:15:00
10/7/2013 03:20:00
10/7/2013 03:25:00
10/7/2013 03:30:00
10/7/2013 03:35:00
10/7/2013 03:40:00
10/7/2013 03:45:00
10/7/2013 03:50:00
10/7/2013 03:55:00
10/7/2013 04:00:00
10/7/2013 04:05:00
10/7/2013 04:10:00
10/7/2013 04:15:00
10/7/2013 04:20:00
10/7/2013 04:25:00
10/7/2013 04:30:00
10/7/2013 04:35:00
10/7/2013 04:40:00
10/7/2013 04:45:00
10/7/2013 04:50:00
10/7/2013 04:55:00
10/7/2013 05:00:00
10/7/2013 05:05:00
10/7/2013 05:10:00
10/7/2013 05:15:00
10/7/2013 05:20:00
10/7/2013 05:25:00
10/7/2013 05:30:00
10/7/2013 05:35:00
10/7/2013 05:40:00
10/7/2013 05:45:00
10/7/2013 05:50:00
10/7/2013 05:55:00
10/7/2013 06:00:00

Runoff
(m3/s)
S1
10
Year
Event

1.025
1.026
1.025
1.025
1.024
1.024
1.022
1.021
1.019
1.017
1.015
1.013
1.011
1.008
1.006
1.003
1.001
0.998
0.996
0.993

0.99
0.988
0.985
0.982
0.979
0.976
0.973

0.97
0.967
0.964
0.961
0.958
0.954
0.951
0.948
0.944

Runoff
(m3/s)
S1
100
Year

2.679
2.662
2.644
2.627
2.609
2.591
2.572
2.553
2.534
2.515
2.496
2.476
2.456
2.437
2.418
2.399
2.381
2.362
2.344
2.326
2.308

2.29
2.273
2.255
2.238
2.221
2.204
2.187

2.17
2.154
2.137
2.121
2.105
2.088
2.072
2.056

Runoff
(m3/s)
S1
2
Year
Event

0.182
0.184
0.186
0.188
0.19
0.192
0.194
0.195
0.197
0.198
0.2
0.201
0.203
0.204
0.205
0.207
0.208
0.209
0.211
0.212
0.213
0.214
0.216
0.217
0.218
0.219
0.22
0.221
0.222
0.223
0.224
0.225
0.226
0.227
0.228
0.228

Runoff
(m3/s)
S1
25
Year
Event

1.636
1.631
1.626

1.62
1.614
1.608
1.602
1.595
1.588
1.581
1.574
1.566
1.558
1.551
1.543
1.535
1.528

1.52
1.512
1.505
1.497

1.49
1.482
1.474
1.467
1.459
1.451
1.444
1.436
1.428
1.421
1.413
1.405
1.397

1.39
1.382

Runoff
(m3/s)
S1
5
Year
Event

0.624
0.626
0.628

0.63
0.631
0.633
0.634
0.635
0.635
0.636
0.636
0.637
0.637
0.637
0.637
0.637
0.637
0.637
0.637
0.637
0.637
0.637
0.636
0.636
0.636
0.635
0.635
0.634
0.633
0.633
0.632
0.631
0.631

0.63
0.629
0.628

Runoff
(m3/s)
S1
50
Year
Event

2.138
2.128
2.117
2.107
2.095
2.084
2.072

2.06
2.048
2.035
2.022
2.009
1.996
1.983

1.97
1.958
1.945
1.932

1.92
1.907
1.895
1.883
1.871
1.858
1.846
1.834
1.822

1.81
1.798
1.786
1.775
1.763
1.751

1.74
1.728
1.716

Runoff
(m3/s)
S1
Timmins

2.564
2.501

2.44
2.381
2.323
2.267
2.212
2.159
2.107
2.057
2.008

1.96
1.914
1.868
1.824
1.781
1.739
1.698
1.659

1.62
1.582
1.545
1.509
1.473
1.439
1.406
1.373
1.341

1.31
1.279
1.249

1.22
1.192
1.164
1.137

1.11
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 06:05:00
10/7/2013 06:10:00
10/7/2013 06:15:00
10/7/2013 06:20:00
10/7/2013 06:25:00
10/7/2013 06:30:00
10/7/2013 06:35:00
10/7/2013 06:40:00
10/7/2013 06:45:00
10/7/2013 06:50:00
10/7/2013 06:55:00
10/7/2013 07:00:00
10/7/2013 07:05:00
10/7/2013 07:10:00
10/7/2013 07:15:00
10/7/2013 07:20:00
10/7/2013 07:25:00
10/7/2013 07:30:00
10/7/2013 07:35:00
10/7/2013 07:40:00
10/7/2013 07:45:00
10/7/2013 07:50:00
10/7/2013 07:55:00
10/7/2013 08:00:00
10/7/2013 08:05:00
10/7/2013 08:10:00
10/7/2013 08:15:00
10/7/2013 08:20:00
10/7/2013 08:25:00
10/7/2013 08:30:00
10/7/2013 08:35:00
10/7/2013 08:40:00
10/7/2013 08:45:00
10/7/2013 08:50:00
10/7/2013 08:55:00
10/7/2013 09:00:00

Runoff
(m3/s)
S1
10
Year
Event

0.941
0.937
0.934
0.93
0.927
0.923
0.919
0.916
0.912
0.908
0.904
0.9
0.896
0.892
0.888
0.884
0.88
0.876
0.872
0.868
0.864
0.859
0.855
0.851
0.847
0.842
0.838
0.834
0.83
0.826
0.822
0.818
0.814
0.81
0.807
0.803

Runoff
(m3/s)
S1
100
Year

2.041
2.025
2.009
1.994
1.978
1.963
1.948
1.933
1.918
1.903
1.888
1.873
1.858
1.844
1.829
1.815
1.8
1.786
1.771
1.757
1.743
1.729
1.715
1.701
1.687
1.674
1.661
1.648
1.635
1.622
1.61
1.597
1.585
1.573
1.562
1.55

Runoff
(m3/s)
S1
2
Year
Event

0.229

0.23
0.231
0.231
0.232
0.233
0.233
0.234
0.234
0.235
0.235
0.236
0.236
0.236
0.237
0.237
0.237
0.238
0.238
0.238
0.238
0.238
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239

0.24

0.24

Runoff
(m3/s)
S1
25
Year
Event

1.374
1.367
1.359
1.351
1.343
1.336
1.328

1.32
1.312
1.305
1.297
1.289
1.281
1.273
1.265
1.258

1.25
1.242
1.234
1.226
1.218
1.211
1.203
1.195
1.187
1.179
1.172
1.164
1.157

1.15
1.143
1.136
1.129
1.122
1.115
1.108

Runoff
(m3/s)
S1
5
Year
Event

0.627
0.626
0.625
0.623
0.622
0.621
0.62
0.618
0.617
0.615
0.614
0.612
0.611
0.609
0.607
0.606
0.604
0.602
0.6
0.598
0.596
0.594
0.592
0.59
0.588
0.586
0.584
0.582
0.58
0.579
0.577
0.575
0.573
0.571
0.569
0.567

Runoff
(m3/s)
S1
50
Year
Event

1.705
1.693
1.682

1.67
1.659
1.648
1.636
1.625
1.614
1.603
1.591

1.58
1.569
1.558
1.547
1.536
1.525
1.514
1.503
1.492
1.481

1.47

1.46
1.449
1.438
1.428
1.417
1.407
1.397
1.387
1.377
1.368
1.358
1.349

1.34
1.331

Runoff
(m3/s)
S1
Timmins

1.084
1.059
1.034

1.01
0.986
0.963

0.94
0.918
0.897
0.875
0.855
0.834
0.814
0.795
0.776
0.757
0.739
0.721
0.703
0.686
0.669
0.653
0.637
0.621
0.606

0.59
0.575
0.561
0.547
0.533
0.519
0.506
0.492

0.48
0.467
0.455
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Time Series 1: Peak Flow (continued...

Date/Time
(M/D/Y)

10/7/2013 09:05:
10/7/2013 09:10:
10/7/2013 09:15:
10/7/2013 09:20:
10/7/2013 09:25:
10/7/2013 09:30:
10/7/2013 09:35:
10/7/2013 09:40:
10/7/2013 09:45:
10/7/2013 09:50:
10/7/2013 09:55:
10/7/2013 10:00:
10/7/2013 10:05:
10/7/2013 10:10:
10/7/2013 10:15:
10/7/2013 10:20:
10/7/2013 10:25:
10/7/2013 10:30:
10/7/2013 10:35:
10/7/2013 10:40:
10/7/2013 10:45:
10/7/2013 10:50:
10/7/2013 10:55:
10/7/2013 11:00:
10/7/2013 11:05:
10/7/2013 11:10:
10/7/2013 11:15:
10/7/2013 11:20:
10/7/2013 11:25:
10/7/2013 11:30:
10/7/2013 11:35:
10/7/2013 11:40:
10/7/2013 11:45:
10/7/2013 11:50:
10/7/2013 11:55:
10/8/2013 12:00:

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

Runoff
(m3/s)
S1
10
Year
Event

0.799
0.795
0.792
0.788
0.784
0.781
0.777
0.774
0.77
0.767
0.763
0.76
0.757
0.753
0.75
0.747
0.743
0.74
0.737
0.734
0.731
0.727
0.724
0.721
0.718
0.715
0.712
0.709
0.706
0.703
0.7
0.697
0.694
0.692
0.689
0.686

Runoff
(m3/s)
S1
100
Year

1.539
1.528
1.517
1.506
1.495
1.485
1.474
1.464
1.454
1.444
1.434
1.424
1.415
1.405
1.396
1.387
1.378
1.369

1.36
1.351
1.343
1.334
1.326
1.318

1.31
1.302
1.294
1.286
1.278

1.27
1.263
1.255
1.248

1.24
1.233
1.226

Runoff
(m3/s)
S1
2
Year
Event

0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.239
0.239
0.239
0.239
0.239
0.239
0.239
0.239

Runoff
(m3/s)
S1
25
Year
Event

1.102
1.095
1.089
1.082
1.076
1.07
1.064
1.057
1.051
1.045
1.04
1.034
1.028
1.022
1.017
1.011
1.006
1
0.995
0.989
0.984
0.979
0.974
0.969
0.963
0.958
0.953
0.949
0.944
0.939
0.934
0.929
0.925
0.92
0.915
0.911

Runoff
(m3/s)
S1
5
Year
Event

0.565
0.564
0.562

0.56
0.558
0.556
0.554
0.553
0.551
0.549
0.547
0.546
0.544
0.542

0.54
0.539
0.537
0.535
0.534
0.532

0.53
0.529
0.527
0.525
0.524
0.522

0.52
0.519
0.517
0.516
0.514
0.512
0.511
0.509
0.508
0.506

Runoff
(m3/s)
S1
50
Year
Event

1.322
1.313
1.304
1.296
1.287
1.279
1.271
1.263
1.255
1.247
1.239
1.231
1.224
1.216
1.209
1.201
1.194
1.187

1.18
1.173
1.166
1.159
1.152
1.145
1.139
1.132
1.126
1.119
1.113
1.107
1.101
1.094
1.088
1.082
1.076
1.071

Runoff
(m3/s)
S1
Timmins

0.442
0.431
0.419
0.407
0.396
0.385
0.375
0.364
0.354
0.344
0.334
0.324
0.314
0.305
0.296
0.287
0.278
0.269
0.261
0.253
0.245
0.237
0.229
0.221
0.214
0.206
0.199
0.192
0.185
0.179
0.172
0.165
0.159
0.153
0.147
0.141
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Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
6-Apr-2022

s1

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB
B 80 60 119.35
BC
o]
cb
D
Total area (ha): 259.4 Composite CN(l): 46 la (mm) NVCA 8.2
Pervious area (ha): 259.4 Composite CN(ll): 67 la (mm) NRSCS 26.2
Impervious area (ha): 0.0 Composite CN(Ill): 82
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope 119.35
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope 60.00
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 80.00
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 259.35 X | 4.6
Runoff Coefficient 0.25
Length (m) 3458
hy (m) 234.58 Kinematic Wave/lzzard Method
h, (m) 200 cr= 0.05
Dh (m) 34.58 n= 0.05
Slope (%) 1,00 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 162.63 60.03 89.60 112.45
Tp (hr) 1.82 0.67 1.00 1.26
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 162.35 535.54 125.29
Tp (hr) 1.81 5.98 1.40

NASHYD

C:\Users\RWalton\Documents\052877- Beachwood Floodplain\ 220309 CN, IA, Tp CALCS v1.2TL

3:43 PM
4/6/2022



4/6/22, 3:37 PM IDF Curve Look-up - Ministry of Transportation

DPontario IDF CURVE LOOKUP

Active coordinate

44°28' 15" N, 80° 7' 14" W (44.470833,-80.120833)
Retrieved: Wed, 06 Apr 2022 17:53:48 GMT

Location summary

These are the locations in the selection.

IDF Curve: 44° 28' 15" N, 80° 7' 14" W (44.470833,-80.120833)
Results

An IDF curve was found.

Coordinate: 44.470833, -80.120833
IDF curve year: 2010
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www.eng.uwaterloo.ca/~dprincz/mto_site/results_out.shtml?coords=44.468285,-80.123896 12



4/6/22, 3:37 PM

Coefficient summary

IDF Curve: 44° 28' 15" N, 80° 7' 14" W (44.470833,-80.120833)
Retrieved: Wed, 06 Apr 2022 17:53:48 GMT

Data year: 2010
IDF curve year: 2010

Return period 2-yr 5-yr 10-yr
A 211 27.9 324
B -0.699 -0.699 -0.699

Statistics

Rainfall intensity (mm hr'1)

Duration 5-min 10-min 15-min 30-min
2-yr 119.8 73.8 55.6 343
5-yr 158.5 97.6 73.5 45.3
10-yr 184.0 113.4 85.4 52.6
25-yr 216.4 133.3 100.4 61.9
50-yr 240.3 148.0 111.5 68.7

100-yr 264.1 162.7 122.5 75.5

Rainfall depth (mm)

Duration 5-min 10-min 15-min 30-min
2-yr 10.0 123 13.9 171
5-yr 13.2 16.3 18.4 22.6
10-yr 15.3 18.9 213 26.3
25-yr 18.0 222 25.1 30.9
50-yr 20.0 247 27.9 34.3
100-yr 22.0 271 30.6 37.7

Terms of Use
You agree to the Terms of Use of this site by reviewing, using, or interpreting these data.

Ontario Ministry of Transportation | Terms and Conditions | About
Last Modified: September 2016

www.eng.uwaterloo.ca/~dprincz/mto_site/results_out.shtml?coords=44.468285,-80.123896
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Project Name:
Project No.:
Completed By:
Checked By:
Date:

Beachwood Floodplain

300052722
R.Walton
T.Koen
22/04/07

HY8 and SMS2D Culvert Comparison

(» BURNSIDE

Headwater Elevation

HY8 Flow @ SMS Headwater

HY8 Headwater
Depth at Peak Flow

Culvert Size Location Surveyed Invert (m) |SMS Peak Depth (m) (Invert + SMS Depth) (m) |Elevation (m3/s) (m)

15{1200x2400 Box HWY26 189.1 1.2475 190.35 4.55 1.21
16 1050|HWY26 189.31 0.9082 190.22 1.22 0.91
17 1050|HWY26 189.123 0.9639 190.09 1.28 0.97
20 750|HWY26 188.68 0.6223 189.30 0.48 0.62
11{900x1200 Box Beachwood 182.76 0.9709 183.73 1.6 0.97
11.1 750(Beachwood 183.81 0.7212 184.53 0.51 0.72
10{1200x1500 Box Beachwood 183.58 0.6155 184.20 0.93 0.62
10.1 900|Beachwood Driveway 184.04 0.1045 184.1445 0.015 0.11

Total Peak Flow Crossing HWY 26 from HY8 7.53

Total Peak Flow Crossing Beachwood from HY8 3.04




HY-8 Culvert Analysis Report

Site Data - HWY26Box Culvert 15
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 189.10 m
Outlet Station: 57.18 m
Outlet Elevation: 189.07 m

Number of Barrels: 1

Culvert Data Summary - HWY26Box Culvert 15
Barrel Shape: Concrete Box
Barrel Span: 2400.00 mm
Barrel Rise: 1200.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall

Inlet Depression: None



Table 1 - Culvert Summary Table: HWY26Box Culvert 15

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.50 0.50 189.40 0.282 0302 | 2M2c | o0.288 0.164 0.164 0.138 1.269 0.727
135 135 189.67 0.546 0567 | 2M2c | 0.559 0.318 0.318 0.254 1.767 1.063
220 2.20 189.68 0.751 0.777 | 2M2c | o.787 0.441 0.441 0.345 2.080 1.276
3.05 3.05 190.06 0.928 0961 | 2M2c | 0.99 0.548 0.548 0.424 2319 1438
3.90 3.90 190.23 1.002 1129 | 2M2c | 1.200 0.646 0.646 0.496 2517 1571
455 455 190.35 1215 1249 | 7M2c | 1.200 0.715 0.715 0.548 2.650 1.660
5.60 5.60 190.53 1417 1431 | 7M2c | 1200 0.822 0.822 0.627 2.840 1.785
6.45 6.45 190.69 1502 1571 | 7M2c | 1.200 0.903 0.903 0.688 2977 1.875
7.30 7.30 190.88 1783 1756 | 7-M2c | 1.200 0.981 0.981 0.747 3.102 1.956
8.15 8.15 191.09 1.993 1964 | 7M2c | 1.200 1.055 1.055 0.803 3.218 2.030
9.00 9.00 191.33 2.225 2477 | 7-M2c | 1.200 1127 1127 0.858 3.326 2.098

Straight Culvert

Inlet Elevation (invert): 189.10 m, Outlet Elevation (invert): 189.07 m

Culvert Length: 57.18 m, Culvert Slope: 0.0005




Water Surface Profile Plot for Culvert: HWY26Box Culvert 15
Crossing - HWY?26, Design Discharge - 4.55 cms

Culvert - HWY26Box, Culvert Discharge - 4.55 cms
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Table 2 - Downstream Channel Rating Curve (Crossing: HWY26 Culvert 15)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.50 189.21 0.14 0.73 26.96 0.63
1.35 189.32 0.25 1.06 49.77 0.67
2.20 189.41 0.34 1.28 67.60 0.69
3.05 189.49 0.42 1.44 83.14 0.71
3.90 189.57 0.50 1.57 97.31 0.71
4.55 189.62 0.55 1.66 107.47 0.72
5.60 189.70 0.63 1.79 122.98 0.72
6.45 189.76 0.69 1.87 134.90 0.72
7.30 189.82 0.75 1.96 146.36 0.72
8.15 189.87 0.80 2.03 157.44 0.72
9.00 189.93 0.86 210 168.20 0.72

Tailwater Channel Data - HWY26 Culvert 15
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 189.07 m

Roadway Data for Crossing: HWY26 Culvert 15
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 191.68 m
Roadway Surface: Paved
Roadway Top Width: 40.00 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 17.6573 cfs
Design Flow: 160.682 cfs
Maximum Flow: 317.832 cfs



Table 3 - Summary of Culvert Flows at Crossing: HWY26 Culvert 15

Headwater Elevation Total Discharge (cms) 'HWYZGBox Roadway Discharge lterations
(m) Discharge (cms) (cms)
189.40 0.50 0.50 0.00 1
189.67 1.35 1.35 0.00 1
189.88 2.20 2.20 0.00 1
190.06 3.05 3.05 0.00 1
190.23 3.90 3.90 0.00 1
190.35 4.55 4.55 0.00 1
190.53 5.60 5.60 0.00 1
190.69 6.45 6.45 0.00 1
190.88 7.30 7.30 0.00 1
191.09 8.15 8.15 0.00 1
191.33 9.00 9.00 0.00 1
191.68 10.16 10.16 0.00 Overtopping




Site Data - Culvert 11.1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 183.81 m
Outlet Station: 20.89 m
Outlet Elevation: 183.45 m
Number of Barrels: 1

Culvert Data Summary - Culvert 11.1
Barrel Shape: Circular
Barrel Diameter: 750.00 mm
Barrel Material: Corrugated Steel
Embedment: 0.00 mm
Barrel Manning's n:  0.0240
Culvert Type: Straight
Inlet Configuration: Thin Edge Projecting
Inlet Depression: None



Table 4 - Culvert Summary Table: Culvert 11.1

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.51 0.51 18453 0.716 0358 | 1-S2n | 0437 0.440 0.437 0.139 1.007 0.733
117 1.06 185.34 1483 1525 | 7-M2c | 0.750 0.632 0.632 0.232 2.669 1.007
2.04 110 185.45 1570 1636 | 7-M2c | 0.750 0.642 0.642 0.329 2.742 1.241
291 113 185.52 1,630 1714 | 7-M2c | 0.750 0.649 0.649 0.412 2.791 1414
3.78 116 185.59 1.684 1781 | 7M2c | 0.750 0.655 0.655 0.486 2.834 1.554
4.65 118 185.65 1733 1840 | 7M2c | 0.750 0.659 0.659 0.556 2873 1673
5.52 120 185.71 1778 1895 | 7-M2c | 0.750 0.663 0.663 0.621 2.909 1.776
6.39 122 185.76 1.820 1947 | 7M2t | 0.750 0.667 0.684 0.684 2.889 1.869
7.26 123 185.81 1.837 1996 | 7-M2t | 0.750 0.668 0.744 0.744 2.785 1.952
8.13 123 185.85 1.829 2044 | 4FFf | 0.750 0.668 0.750 0.802 2.774 2028
9.00 122 185.90 1.820 2000 | 4FFf | 0.750 0.667 0.750 0.858 2.765 2.098

Straight Culvert

Inlet Elevation (invert): 183.81 m, Outlet Elevation (invert): 183.45 m

Culvert Length: 20.89 m, Culvert Slope: 0.0172




Water Surface Profile Plot for Culvert: Culvert 11.1

Crossing - Beachwood11.1, Design Discharge - 0.51 cms
Culvert - Culvert 11.1, Culvert Discharge - 0.51 cms
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Table 5 - Downstream Channel Rating Curve (Crossing: Beachwood11.1)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.51 183.59 0.14 0.73 27.29 0.63
1.17 183.68 0.23 1.01 45.54 0.67
2.04 183.78 0.33 1.24 64.46 0.69
2.91 183.86 0.41 1.41 80.70 0.70
3.78 183.94 0.49 1.55 95.37 0.71
4.65 184.01 0.56 1.67 108.99 0.72
5.52 184.07 0.62 1.78 121.83 0.72
6.39 184.13 0.68 1.87 134.07 0.72
7.26 184.19 0.74 1.95 145.83 0.72
8.13 184.25 0.80 2.03 157.18 0.72
9.00 184.31 0.86 210 168.20 0.72

Tailwater Channel Data - Beachwood11.1
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 183.45 m

Roadway Data for Crossing: Beachwood11.1
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 185.30 m
Roadway Surface: Paved
Roadway Top Width: 15.00 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 10.5944 cfs
Design Flow: 18.0105 cfs
Maximum Flow: 317.832 cfs



Table 6 - Summary of Culvert Flows at Crossing: Beachwood11.1

Headwater Elevation Total Discharge (cms) 'Culvert 111 Roadway Discharge lterations

(m) Discharge (cms) (cms)

184.53 0.51 0.51 0.00 1
185.34 1.17 1.06 0.11 12
185.45 2.04 1.10 0.93 5
185.52 2.91 1.13 1.77 5
185.59 3.78 1.16 2.62 4
185.65 4.65 1.18 3.47 4
185.71 5.52 1.20 4.32 4
185.76 6.39 1.22 5.17 4
185.81 7.26 1.23 6.03 3
185.85 8.13 1.23 6.90 3
185.90 9.00 1.22 7.78 3
185.30 1.05 1.05 0.00 Overtopping




Site Data - Culvert 11
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 182.76 m
Outlet Station: 23.34 m
Outlet Elevation: 182.50 m
Number of Barrels: 1

Culvert Data Summary - Culvert 11
Barrel Shape: Concrete Box
Barrel Span: 1200.00 mm
Barrel Rise: 900.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0240
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall

Inlet Depression: None



Table 7 - Culvert Summary Table: Culvert 11

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
017 017 182.98 0.216 0219 | 2M2c | o0.4138 0.127 0.127 0.071 1116 0.477
1.05 1.05 183.50 0.720 0.736 | 2M2c | 0480 0.428 0.428 0.218 2.050 0.968
160 1,60 183.73 0.960 0972 | 7M2c | o0.656 0.566 0.566 0.282 2.357 1133
282 2.82 184 46 1507 1696 | 7-M2c | 0.900 0.825 0.825 0.403 2.846 1.398
3.70 3.49 185.05 2.082 2295 | 6FFc | 0.900 0.900 0.900 0.480 3.234 1.542
458 3.5 185.15 2.164 2392 | 6FFc | 0.900 0.900 0.900 0.551 3.328 1.664
5.47 3.67 185.23 2.228 2466 | 6FFc | 0.900 0.900 0.900 0.618 3.398 1771
6.35 3.73 185.29 2.282 2530 | 6FFc | 0.900 0.900 0.900 0.681 3.457 1.865
7.23 3.79 185.35 2.332 2588 | 6FFc | 0.900 0.900 0.900 0.742 3.510 1.950
8.12 3.84 185.40 2.378 2642 | 6FFc | 0.900 0.900 0.900 0.801 3.558 2.027
9.00 3.8 185.45 2.422 2693 | 6FFc | 0.900 0.900 0.900 0.858 3.603 2.098

Straight Culvert

Inlet Elevation (invert): 182.76 m, Outlet Elevation (invert): 182.50 m

Culvert Length: 23.34 m, Culvert Slope: 0.0111




Water Surface Profile Plot for Culvert: Culvert 11

Crossing - Beachwoodl1, Design Discharge - 1.60 cms
Culvert - Culvert 11, Culvert Discharge - 1.60 cms
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Table 8 - Downstream Channel Rating Curve (Crossing: Beachwood11)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.17 182.57 0.07 0.48 13.97 0.57
1.05 182.72 0.22 0.97 42.66 0.66
1.60 182.78 0.28 1.13 55.35 0.68
2.82 182.90 0.40 1.40 79.08 0.70
3.70 182.98 0.48 1.54 94.10 0.71
4.58 183.05 0.55 1.66 108.00 0.72
5.47 183.12 0.62 1.77 121.08 0.72
6.35 183.18 0.68 1.86 133.54 0.72
7.23 183.24 0.74 1.95 145.48 0.72
8.12 183.30 0.80 2.03 157.02 0.72
9.00 183.36 0.86 210 168.20 0.72

Tailwater Channel Data - Beachwood11
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 182.50 m

Roadway Data for Crossing: Beachwood11
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 185.00 m
Roadway Surface: Paved
Roadway Top Width: 15.00 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 6.00349 cfs
Design Flow: 56.5035 cfs
Maximum Flow: 317.832 cfs



Table 9 - Summary of Culvert Flows at Crossing: Beachwood11

Headwater Elevation

Culvert 11 Discharge

Roadway Discharge

(m) Total Discharge (cms) (cms) (cms) Iterations
182.98 0.17 0.17 0.00 1
183.50 1.05 1.05 0.00 1
183.73 1.60 1.60 0.00 1
184.46 2.82 2.82 0.00 1
185.05 3.70 3.49 0.21 5
185.15 4.58 3.59 0.99 5
185.23 5.47 3.67 1.80 5
185.29 6.35 3.73 2.61 4
185.35 7.23 3.79 3.44 4
185.40 8.12 3.84 4.27 4
185.45 9.00 3.89 5.11 4
185.00 3.43 3.43 0.00 Overtopping




Site Data - Culvert 10
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 183.58 m
Outlet Station: 20.80 m
Outlet Elevation: 181.81 m
Number of Barrels: 1

Culvert Data Summary - Culvert 10
Barrel Shape: Concrete Box
Barrel Span: 1200.00 mm
Barrel Rise: 1500.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0240
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall

Inlet Depression: None



Table 10 - Culvert Summary Table: Culvert 10

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.50 0.50 183.99 0.411 00~ | 1-s2n | 0143 0.261 0.145 0.138 2.882 0.727
0.93 0.93 184.20 0.622 00~ | 1-s2n | 0216 0.394 0.222 0.201 3.486 0.023
220 2.20 184.70 1121 00~ | 1-s2n | 0393 0.700 0.402 0.345 4.565 1.276
3.05 3.05 184.99 1411 00~ | 1-s2n | o497 0.870 0513 0.424 4.956 1438
3.90 3.76 185.23 1653 00° | 5s2n | 0580 0.999 0.601 0.496 5.208 1571
475 3.99 185.32 1737 00° | 5s2n | o607 1.041 0.630 0.564 5.287 1.685
5.60 4.18 185.38 1.803 00° | 5S2n | o628 1.073 0.653 0.627 5.329 1.785
6.45 433 185.44 1.862 0072 | 5520 | 0646 1.099 0.672 0.688 5.377 1.875
7.30 4.48 185.50 1915 0146 | 5-52n | 0662 1123 0.690 0.747 5.409 1.956
8.15 461 185.55 1.965 0391 | 5520 | 0676 1145 0.704 0.803 5.448 2.030
9.00 473 185.59 2.012 0446 | 5520 | 0690 1165 0.720 0.858 5473 2.098




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 183.58 m, Outlet Elevation (invert): 181.81 m
Culvert Length: 20.88 m, Culvert Slope: 0.0851




Water Surface Profile Plot for Culvert: Culvert 10

Crossing - Beachwood10, Design Discharge - 0.93 cms

Culvert - Culvert 10, Culvert Discharge - 0.93 cms
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Table 11 - Downstream Channel Rating Curve (Crossing: Beachwood10)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.50 181.95 0.14 0.73 26.96 0.63
0.93 182.01 0.20 0.92 39.50 0.66
2.20 182.15 0.34 1.28 67.60 0.69
3.05 182.23 0.42 1.44 83.14 0.71
3.90 182.31 0.50 1.57 97.31 0.71
4.75 182.37 0.56 1.69 110.50 0.72
5.60 182.44 0.63 1.79 122.98 0.72
6.45 182.50 0.69 1.87 134.90 0.72
7.30 182.56 0.75 1.96 146.36 0.72
8.15 182.61 0.80 2.03 157.44 0.72
9.00 182.67 0.86 210 168.20 0.72

Tailwater Channel Data - Beachwood10
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500

Channel Invert Elevation: 181.81 m

Roadway Data for Crossing: Beachwood10
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 185.19m
Roadway Surface: Paved
Roadway Top Width: 15.00 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 17.6573 cfs
Design Flow: 32.8426 cfs
Maximum Flow: 317.832 cfs



Table 12 - Summary of Culvert Flows at Crossing: Beachwood10

Headwater Elevation

Culvert 10 Discharge

Roadway Discharge

(m) Total Discharge (cms) (cms) (cms) Iterations
183.99 0.50 0.50 0.00 1
184.20 0.93 0.93 0.00 1
184.70 2.20 2.20 0.00 1
184.99 3.05 3.05 0.00 1
185.23 3.90 3.76 0.14 6
185.32 4.75 3.99 0.75 5
185.38 5.60 4.18 1.42 4
185.44 6.45 4.33 2.11 4
185.50 7.30 4.48 2.82 4
185.55 8.15 4.61 3.54 4
185.59 9.00 4.73 4.27 4
185.19 3.63 3.63 0.00 Overtopping




Site Data - Culvert 16
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 189.31 m
Outlet Station: 60.40 m
Outlet Elevation: 188.94 m
Number of Barrels: 1

Culvert Data Summary - Culvert 16
Barrel Shape: Circular
Barrel Diameter: 1050.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting

Inlet Depression: None



Table 13 - Culvert Summary Table: Culvert 16

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.10 0.10 189.54 0.231 00~ | 1-s2n | 0148 0172 0.148 0.052 1,341 0.387
122 122 190.22 0.908 0480 | 1-S2n | 0.541 0.626 0.541 0.238 2.713 1.024
188 188 190.52 1214 0942 | 5520 | 0717 0.781 0.717 0.312 2.984 1.204
2.77 2.77 191.09 1782 1761 | 7-M2c | 1.050 0.926 0.926 0.399 3.425 1.389
3.66 3.25 191.55 2.189 2235 | 7-M2c | 1.050 0.973 0.973 0.477 3.881 1.536
455 3.34 191.63 2.269 2324 | 7-M2c | 1.050 0.980 0.980 0.548 3.968 1.660
5.44 341 191.71 2.336 2395 | 7-M2c | 1.050 0.985 0.985 0.616 4.039 1.767
6.33 3.47 191.77 2.392 2457 | 7-M2c | 1.050 0.988 0.988 0.680 4.099 1.863
7.22 3.52 191.83 2.445 2516 | 7-M2c | 1.050 0.992 0.992 0.741 4.155 1.948
811 3.57 191.88 2.494 2569 | 7-M2c | 1.050 0.994 0.994 0.800 4.206 2026
9.00 3.61 191.93 2.540 2619 | 7-M2c | 1.050 0.997 0.997 0.858 4.254 2.098




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 189.31 m, Outlet Elevation (invert): 188.94 m
Culvert Length: 60.40 m, Culvert Slope: 0.0061




Water Surface Profile Plot for Culvert: Culvert 16
Crossing - HWY26Culvert16. Design Discharge - 1.22 cms

Culvert - Culvert 16, Culvert Discharge - 1.22 cms
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Table 14 - Downstream Channel Rating Curve (Crossing: HWY26Culvert16)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.10 188.99 0.05 0.39 10.13 0.54
1.22 189.18 0.24 1.02 46.74 0.67
1.88 189.25 0.31 1.20 61.23 0.69
277 189.34 0.40 1.39 78.20 0.70
3.66 189.42 0.48 1.54 93.42 0.71
4.55 189.49 0.55 1.66 107.47 0.72
5.44 189.56 0.62 1.77 120.68 0.72
6.33 189.62 0.68 1.86 133.24 0.72
7.22 189.68 0.74 1.95 145.29 0.72
8.11 189.74 0.80 2.03 156.92 0.72
9.00 189.80 0.86 210 168.20 0.72

Tailwater Channel Data - HWY26Culvert16
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 188.94 m

Roadway Data for Crossing: HWY26Culvert16
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 191.46 m
Roadway Surface: Paved
Roadway Top Width: 43.80 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 3.53147 cfs
Design Flow: 43.0839 cfs
Maximum Flow: 317.832 cfs



Table 15 - Summary of Culvert Flows at Crossing: HWY26Culvert16

Headwater Elevation Total Discharge (cms) Culvert 16 Discharge | Roadway Discharge lterations
(m) (cms) (cms)
189.54 0.10 0.10 0.00 1
190.22 1.22 1.22 0.00 1
190.52 1.88 1.88 0.00 1
191.09 2.77 2.77 0.00 1
191.55 3.66 3.25 0.41 8
191.63 4.55 3.34 1.21 5
191.71 5.44 3.41 2.03 5
191.77 6.33 3.47 2.86 4
191.83 7.22 3.52 3.70 4
191.88 8.11 3.57 4.54 4
191.93 9.00 3.61 5.39 4
191.46 3.17 3.17 0.00 Overtopping




Site Data - Culvert 17S
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 189.12 m
Outlet Station: 53.01 m
Outlet Elevation: 188.98 m
Number of Barrels: 1

Culvert Data Summary - Culvert 17S
Barrel Shape: Circular
Barrel Diameter: 1050.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting

Inlet Depression: None



Table 16 - Culvert Summary Table: Culvert 17S

Inlet Elevation (invert): 189.12 m, Outlet Elevation (invert): 188.98 m

Culvert Length: 53.01 m, Culvert Slope: 0.0027

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.06 0.06 189.31 0.179 0187 | 2M2c | 0141 0.133 0.133 0.038 0.945 0.316
128 128 190.00 0.936 0971 | 2M2c | 0.731 0.642 0.642 0.246 2.307 1.042
185 185 190.38 1199 1253 | 7-M2c | 1.050 0.775 0.775 0.309 2.698 1196
2.74 2.59 190.91 1.651 1791 | 7-M2c | 1.050 0.904 0.904 0.396 3.270 1.384
3.64 2.71 191.01 1741 1892 | 7-M2c | 1.050 0.920 0.920 0.475 3.375 1.533
453 2.80 191.00 1.808 1967 | 7-M2c | 1.050 0.930 0.930 0.547 3.454 1.657
5.42 2.88 191.16 1.868 2032 | 7M2c | 1.050 0.939 0.939 0.614 3.522 1.766
6.32 2.94 191.21 1.920 2.001 | 7M2c | 1.050 0.946 0.946 0.679 3.581 1.861
7.21 3.00 191.27 1973 2145 | 7M2c | 1.050 0.952 0.952 0.741 3.641 1.048
811 3.06 191.32 2.020 2197 | 7M2c | 1.050 0.957 0.957 0.800 3.693 2.026
9.00 3.1 191.37 2.065 2.245 | 7M2c | 1.050 0.962 0.962 0.858 3.744 2.098

Straight Culvert




Water Surface Profile Plot for Culvert: Culvert 17S
Crossing - HWY26Culvert17S, Design Discharge - 1.28 cms

Culvert - Culvert 178, Culvert Discharge - 1.28 cms
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Table 17 - Downstream Channel Rating Curve (Crossing: HWY26Culvert17S)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.06 189.02 0.04 0.32 7.44 0.52
1.28 189.23 0.25 1.04 48.15 0.67
1.85 189.29 0.31 1.20 60.58 0.69
274 189.38 0.40 1.38 77.70 0.70
3.64 189.45 0.47 1.53 93.03 0.71
4.53 189.53 0.55 1.66 107.16 0.72
5.42 189.59 0.61 1.77 120.45 0.72
6.32 189.66 0.68 1.86 133.08 0.72
7.21 189.72 0.74 1.95 145.19 0.72
8.11 189.78 0.80 2.03 156.87 0.72
9.00 189.84 0.86 210 168.20 0.72

Tailwater Channel Data - HWY26Culvert17S
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 188.98 m

Roadway Data for Crossing: HWY26Culvert17S
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 190.87 m
Roadway Surface: Paved
Roadway Top Width: 16.45 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 2.11888 cfs
Design Flow: 45.2028 cfs
Maximum Flow: 317.832 cfs



Table 18 - Summary of Culvert Flows at Crossing: HWY26Culvert17S

Headwater Elevation Total Discharge (cms) 'Culvert 17S Roadway Discharge lterations
(m) Discharge (cms) (cms)
189.31 0.06 0.06 0.00 1
190.09 1.28 1.28 0.00 1
190.38 1.85 1.85 0.00 1
190.91 2.74 2.59 0.15 8
191.01 3.64 2.71 0.92 5
191.09 4.53 2.80 1.73 5
191.16 5.42 2.88 2.55 4
191.21 6.32 2.94 3.37 4
191.27 7.21 3.00 4.21 4
191.32 8.11 3.06 5.04 4
191.37 9.00 3.1 5.88 3
190.87 2.54 2.54 0.00 Overtopping




Site Data - Culvert 20 S
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 188.68 m
Outlet Station: 57.00 m
Outlet Elevation: 188.42 m
Number of Barrels: 1

Culvert Data Summary - Culvert 20 S
Barrel Shape: Circular
Barrel Diameter: 750.00 mm
Barrel Material: Concrete
Embedment: 0.00 mm
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Grooved End Projecting

Inlet Depression: None



Table 19 - Culvert Summary Table: Culvert 20 S

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.01 0.01 188.76 0.079 00~ | 1-s2n | 0058 0.059 0.058 0.013 0.632 0.155
0.48 0.48 189.30 0.615 0328 | 1-S2n | 0414 0.426 0.414 0.134 1.022 0.716
181 141 190.55 1582 1873 | 7-M2c | 0.750 0.697 0.697 0.305 3.303 1.186
2.71 146 190.65 1653 1967 | 7-M2c | 0.750 0.702 0.702 0.393 3.393 1.377
361 149 190.72 1.708 2042 | 7-M2c | 0.750 0.706 0.706 0.472 3.463 1.528
4.50 152 190.79 1.757 2106 | 7-M2c | 0.750 0.709 0.709 0.545 3.524 1.654
5.40 155 190.85 1.803 2165 | 7-M2c | 0.750 0.711 0.711 0.613 3.580 1.763
6.30 158 190.90 1.844 2220 | 7-M2c | 0.750 0.713 0.713 0.678 3.631 1.860
7.20 160 190.95 1.879 2272 | 7M2t | 0.750 0.715 0.740 0.740 3.621 1.947
8.10 159 191.00 1.874 2322 | 4FFf | 0.750 0.715 0.750 0.800 3.605 2026
9.00 159 191.05 1.866 2371 | 4FFf | 0.750 0.715 0.750 0.858 3.505 2.098




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 188.68 m, Outlet Elevation (invert): 188.42 m
Culvert Length: 57.00 m, Culvert Slope: 0.0046




Water Surface Profile Plot for Culvert: Culvert 20 S
Crossing - HWY26Culvert20S, Design Discharge - 0.48 cms

Culvert - Culvert 20 8, Culvert Discharge - 0.48 cms
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Table 20 - Downstream Channel Rating Curve (Crossing: HWY26Culvert20S)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.01 188.43 0.01 0.15 2.53 0.43
0.48 188.55 0.13 0.72 26.29 0.62
1.81 188.72 0.30 1.19 59.75 0.69
2.71 188.81 0.39 1.38 77.07 0.70
3.61 188.89 0.47 1.53 92.53 0.71
4.50 188.96 0.54 1.65 106.78 0.72
5.40 189.03 0.61 1.76 120.15 0.72
6.30 189.10 0.68 1.86 132.87 0.72
7.20 189.16 0.74 1.95 145.06 0.72
8.10 189.22 0.80 2.03 156.81 0.72
9.00 189.28 0.86 210 168.20 0.72

Tailwater Channel Data - HWY26Culvert20S

Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m

Channel Slope: 0.0200

Channel Manning's n:  0.0500

Channel Invert Elevation: 188.42 m

Roadway Data for Crossing: HWY26Culvert20S

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m

Crest Elevation: 190.47 m

Roadway Surface: Paved

Roadway Top Width: 16.75 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0.353147 cfs
Design Flow: 16.951 cfs
Maximum Flow: 317.832 cfs



Table 21 - Summary of Culvert Flows at Crossing: HWY26Culvert20S

Headwater Elevation Total Discharge (cms) 'Culvert 208 Roadway Discharge lterations
(m) Discharge (cms) (cms)

188.76 0.01 0.01 0.00 1
189.30 0.48 0.48 0.00 1
190.55 1.81 1.41 0.39 10
190.65 2.71 1.46 1.25 5
190.72 3.61 1.49 2.1 4
190.79 4.50 1.52 2.98 4
190.85 5.40 1.55 3.85 4
190.90 6.30 1.58 4.73 4
190.95 7.20 1.60 5.61 4
191.00 8.10 1.59 6.50 3
191.05 9.00 1.59 7.41 3
190.47 1.37 1.37 0.00 Overtopping




Site Data - 900DWY
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 184.04 m
Outlet Station: 12.38 m
Outlet Elevation: 183.87 m
Number of Barrels: 1

Culvert Data Summary - 900DWY
Barrel Shape: Circular
Barrel Diameter: 900.00 mm
Barrel Material: Corrugated Steel
Embedment: 0.00 mm
Barrel Manning's n:  0.0240
Culvert Type: Straight
Inlet Configuration: Thin Edge Projecting
Inlet Depression: None



Table 22 - Culvert Summary Table: 900DWY

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
0.01 0.01 184.15 0.099 0111 | 2M2c | 0072 0.069 0.069 0.016 0.676 0.182
0.91 0.89 185.02 0.931 0982 | 7M2c | 0595 0.557 0.557 0.199 2.156 0.917
2.00 1,00 185.15 1106 1413 | 7-M2c | o701 0.619 0.619 0.325 2.344 1.232
2.71 147 185.21 1174 1161 | 7-M2c | 0749 0.640 0.640 0.393 2411 1.378
361 123 185.28 1242 1209 | 7M2c | 0.900 0.658 0.658 0.472 2475 1.528
451 129 185.34 1303 1252 | 7M2c | 0.900 0.673 0.673 0.545 2.531 1.655
5.41 134 185.40 1.359 1202 | 7M2c | 0.900 0.686 0.686 0.613 2.581 1.764
6.30 139 185.45 1412 1332 | 7M2c | 0.900 0.697 0.697 0.678 2626 1.860
7.20 143 185.50 1461 1372 | 3M2t | 0.900 0.707 0.740 0.740 2.556 1.947
8.10 147 185.55 1.509 1436 | 7-M2t | 0.900 0.716 0.800 0.800 2.459 2026
9.00 151 185.59 1555 1522 | 7-M2t | 0.900 0.724 0.858 0.858 2.408 2.098

Straight Culvert

Inlet Elevation (invert): 184.04 m, Outlet Elevation (invert): 183.87 m

Culvert Length: 12.38 m, Culvert Slope: 0.0137




Water Surface Profile Plot for Culvert: 900DWY
Crossing - 900DWY, Design Discharge - 2.00 cms

Culvert - 200DWY, Culvert Discharge - 1.09 cms
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Table 23 - Downstream Channel Rating Curve (Crossing: 900DWY)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.01 183.89 0.02 0.18 3.23 0.45
0.91 184.07 0.20 0.92 39.07 0.66
2.00 184.19 0.32 1.23 63.66 0.69
2.71 184.26 0.39 1.38 77.14 0.70
3.61 184.34 0.47 1.53 92.58 0.71
4.51 184.41 0.54 1.65 106.81 0.72
5.41 184.48 0.61 1.76 120.19 0.72
6.30 184.55 0.68 1.86 132.90 0.72
7.20 184.61 0.74 1.95 145.07 0.72
8.10 184.67 0.80 2.03 156.82 0.72
9.00 184.73 0.86 210 168.20 0.72

Tailwater Channel Data - 900DWY
Tailwater Channel Option: Rectangular Channel
Bottom Width: 5.00 m
Channel Slope: 0.0200
Channel Manning's n:  0.0500
Channel Invert Elevation: 183.87 m

Roadway Data for Crossing: 900DWY
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 185.01 m
Roadway Surface: Paved
Roadway Top Width: 4.00 m



Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0.52972 cfs
Design Flow: 70.6293 cfs
Maximum Flow: 317.832 cfs



Table 24 - Summary of Culvert Flows at Crossing: 900DWY

Headwater Elevation Total Discharge (cms) 900DWY Discharge | Roadway Discharge lterations
(m) (cms) (cms)

184.15 0.01 0.01 0.00 1
185.02 0.91 0.89 0.02 10
185.15 2.00 1.09 0.90 5
185.21 2.71 1.17 1.54 5
185.28 3.61 1.23 2.37 4
185.34 4.51 1.29 3.21 4
185.40 5.41 1.34 4.06 4
185.45 6.30 1.39 4.91 4
185.50 7.20 1.43 5.77 4
185.55 8.10 1.47 6.63 3
185.59 9.00 1.51 7.49 3
185.01 0.87 0.87 0.00 Overtopping
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HY8 and SMS2D Culvert Comparison - with Cutoff Channel

€ BURNSIDE

HY8 Headwater
Headwater Elevation HY8 Flow @ SMS Headwater |Depth at Peak Flow
Culvert Size Location Surveyed Invert (m)  [SMS Peak Depth (m) (Invert + SMS Depth) (m) |Elevation (m3/s) (m)

15(1200x2400 Box HWY26 189.1 1.1462 190.25 4 1.15
16 1050(HWY26 189.31 0.9043 190.21 1.2 0.9
17 1050(HWY26 189.123 0.7597 189.88 0.85 0.76
20 750(HWY26 188.68 0.7541 189.43 0.63 0.75
Proposed Culvert 11 TWIN 3000 x 1500 Box |Beachwood* 182.76 0.9414 183.70 7.5 0.94
11.1 750|Beachwood 183.81 0 183.81 0 0
10{1200x1500 Box Beachwood 183.58 0 183.58 0 0
10.1 900|Beachwood Driveway 184.04 0 184.04 0 0

Total Peak Flow Crossing HWY 26 from HY8 6.68

Total Peak Flow Crossing Beachwood from HY8 7.5

*proposed invert




Culvert Headwater Depth vs Time under the Regional Storm Event

Flow from SMS 2D Observation Points - Proposed Channel Results @ BURNSIDE
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HY-8 Culvert Analysis Report

Site Data - Culvert 11PROP
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 m
Inlet Elevation: 182.61 m
Outlet Station: 26.70 m
Outlet Elevation: 182.35 m

Number of Barrels: 2

Culvert Data Summary - Culvert 11PROP
Barrel Shape: Concrete Box
Barrel Span: 3000.00 mm
Barrel Rise: 1500.00 mm
Barrel Material: Concrete
Embedment: 150.00 mm
Barrel Manning's n: 0.0240 (top and sides)
Manning's n:  0.0240 (bottom)
Culvert Type: Straight
Inlet Configuration: Square Edge (90°) Headwall
Inlet Depression: None



Table 1 - Culvert Summary Table: Culvert 11PROP

Dissarge | Discherge | Biovation | comol | cantier | Flow | Nomal | critcal Outet | Taiwater [ 20 TeEEr
eme) | tomey | Depth (m) | Depth (m) | TYPe | Depth (m) | Depth (m) | Depth (m) | Depth (m) | 75OV (mis)
017 017 182.83 0.067 0.075 | 3Mit | o0.049 0.043 0.061 0.061 0.464 0.430
1.05 1.05 183.01 0.249 0253 | aM1t | 0.156 0.146 0.180 0.180 0.973 0.854
1.94 1.94 183.14 0.374 0381 | aMit | 0229 0.220 0.258 0.258 1.252 1.062
282 2.82 183.25 0.480 0490 | 3M1t | 0292 0.282 0.321 0.321 1.464 1.210
3.70 3.70 183.35 0.576 0588 | 3M1it | 0348 0.339 0.376 0.376 1.643 1.327
458 458 183.44 0.664 0679 | 3M1t | 0400 0.390 0.425 0.425 1.800 1.426
5.47 5.47 183.52 0.745 0.764 | 3Mit | 0449 0.439 0.469 0.469 1.941 1511
6.35 6.35 183.60 0.821 0.844 | 3Mit | 049 0.485 0.511 0.511 2.071 1.586
7.23 7.23 183.68 0.893 0.921 | 3M1t | 0541 0.529 0.550 0.550 2.192 1.654
8.90 8.90 183.82 1.023 1057 | 3M2t | 0622 0.608 0.618 0.618 2.401 1.766
9.00 9.00 183.82 1.030 1065 | M2t | 0627 0.612 0.622 0.622 2412 1.773

Straight Culvert

Inlet Elevation (invert): 182.76 m, Outlet Elevation (invert): 182.50 m

Culvert Length: 26.70 m, Culvert Slope: 0.0097




Water Surface Profile Plot for Culvert: Culvert 11PROP
Crossing - Beachwood 1 IPROP, Design Discharge - 8.90 cms

Culvert - Culvert 11PROP, Culvert Discharge - 8 90 cms
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Table 2 - Downstream Channel Rating Curve (Crossing: Beachwood11PROP)

Flow (cms) WaltzeléVSEJn:f)ace Depth (m) Velocity (m/s) Shear (Pa) Froude Number
0.17 182.56 0.06 0.43 11.96 0.56
1.05 182.68 0.18 0.85 35.35 0.67
1.94 182.76 0.26 1.06 50.54 0.70
2.82 182.82 0.32 1.21 62.90 0.73
3.70 182.88 0.38 1.33 73.62 0.74
4.58 182.92 0.42 1.43 83.23 0.75
5.47 182.97 0.47 1.51 92.04 0.77
6.35 183.01 0.51 1.59 100.19 0.77
7.23 183.05 0.55 1.65 107.84 0.78
8.90 183.12 0.62 1.77 121.14 0.79
9.00 183.12 0.62 1.77 121.90 0.80

Tailwater Channel Data - Beachwood11PROP
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 6.30 m
Side Slope (H:V): 3.00 (_:1)

Channel Slope: 0.0200
Channel Manning's n: 0.0500
Channel Invert Elevation: 182.50 m

Roadway Data for Crossing: Beachwood11PROP
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 10.00 m
Crest Elevation: 185.00 m
Roadway Surface: Paved
Roadway Top Width: 15.00 m




Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 6.00349 cfs
Design Flow: 314.301 cfs
Maximum Flow: 317.832 cfs



Table 3 - Summary of Culvert Flows at Crossing: Beachwood11PROP

Headwater Elevation Total Discharge (cms) Cglvert 11PROP Roadway Discharge lterations
(m) Discharge (cms) (cms)
182.83 0.17 0.17 0.00 1
183.01 1.05 1.05 0.00 1
183.14 1.94 1.94 0.00 1
183.25 2.82 2.82 0.00 1
183.35 3.70 3.70 0.00 1
183.44 4.58 4.58 0.00 1
183.52 5.47 5.47 0.00 1
183.60 6.35 6.35 0.00 1
183.68 7.23 7.23 0.00 1
183.82 8.90 8.90 0.00 1
183.82 9.00 9.00 0.00 1
185.00 24.35 24.35 0.00 Overtopping
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R.J. Burnside & Associates Limited 3 Ronell Crescent Collingwood ON L9Y 4J6 CANADA
telephone (705) 446-0515 fax (519) 941-8120 web www.rjburnside.com

BURNSIDE

Technical Memorandum

Date: August 2, 2023 Project No.: 300052877.1000
Project Name: 8859 Beachwood Road

Client Name:  Sunray Living Inc.

Submitted To: Nottawasaga Valley Conservation Authority (NVCA)

Submitted By: Rachel Walton, P.Eng., MASc.

Reviewed By: James Orr, P.Eng.

1.0 Introduction

Sunray Living Inc. (Sunray) has retained R.J. Burnside & Associates Limited (Burnside) to
provide engineering services to support the development of 8859 Beachwood Road, in the
Town of Wasaga Beach (ToWB).

Burnside had previously prepared a 2D Floodplain study (8859 Beachwood Road; West End
Existing Floodplain Analysis, dated December 15, 2022) to determine the extents of the existing
Regulatory Floodplain within 8859 Beachwood Road. While this study was completed as a
requisite document in support of development application(s), the study showed that the
Floodplain impacted not only the subject Sunray property, but the majority of the study area (as
determined by consultation with the NVCA), which included many existing residential areas and
future developments. The subject property and the study area is shown in Figure 1 below. The
broader study area has been the focus of various drainage studies completed by the Town due
to the historical flooding issues, including, most notably, the ongoing EA for Constance and
Thomas Street.

Through the Burnside Flood Report, it was further contemplated and demonstrated that a
diversion channel could be constructed through the Sunray lands and downstream properties to
contain the Regulatory Floodplain and divert Regional runoff to Georgian Bay, providing
protection to the existing and proposed future developments within the existing floodplain.
Through extensive consultation with ToWB and the Nottawasaga Valley Conservation Authority
(NVCA), the Regulatory diversion channel has been approved in concept for further
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consideration through the Thomas / Constance EA. This was confirmed by NVCA in in a letter
dated April 21, 2023.

Therefore, this technical memorandum has been prepared subsequent to the original West End
Existing Floodplain Analysis to clarify and summarize the hydrology calculations performed
since the original report, to indicate how the Regional peak flow contributing to the proposed
diversion channel was determined. The design catchments and resulting peak flows were very
close between a number of related studies as listed below, however, per ToWB and NVCA
comments, there was a need to address the minor discrepancies to ensure that all parties were
confident with the assumptions used in the design of the channel, prior to this information been
inserted into the EA process, where land requirements for the channel need to be confirmed.

The followings studies have been reviewed and considered within the calculations performed:

» Drainage, Hydrology and Stormwater Management Report, Preliminary Design, Highway 26
new Alignment between Collingwood and Wasaga, prepared by Delcan, dated July 3, 2009.

» Drainage Update of Existing Highway 26, Existing Highway 26 between Collingwood and
Wasaga Beach (Huronia to Mosley Street), prepared by Delcan, dated September 2013.

»  West End Water Tower and Public Works Depot Drainage Study, prepared by Ainley Group,
dated May 1, 2021.

» Drainage Master Plan West End Drainage Assessment, Town of Wasaga Beach, prepared
by Tatham Engineering, dated August 3, 2022.

» Drainage Master Plan Existing Conditions Report, Town of Wasaga Beach, prepared by
Tatham Engineering, dated November 18, 2022.

» West End Drainage Assessment Overall Drainage Plan and TOWB — Regional Storm
VO Output, prepared by Tatham Engineering, provided in email from Daniel Twigger on
July 14, 2023.
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2.0 Hydrologic Model

21 Input Values

PCSWMM was chosen as the hydrologic model for the study area. The 2D Floodplain Study
prepared by Burnside provides a discussion on the previous hydrologic modelling completed for
the study area and the decision to move forward with the PCSWMM model.

Following the completion and submission of the 2D Floodplain Study, various meetings with the
NVCA, Wasaga Beach, Tatham Engineering (Tatham) and Ainley Group (Ainley) have occurred

to ensure the needs of the various external developments contributing to the proposed drainage
corridor are adequately addressed. Each of the studies listed in Section 1.0 above have

assessed the overall study area for the purpose of their development. Through various

discussions it was determined that one overall flow needed to be agreed upon for the design of
the drainage channel.
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The calculations performed within this technical memorandum have considered the specific
design of the channel, looking at the external areas contributing to the channel only (not the
entire study areas that are subject of some of the other studies), since this is the specific scope

at hand.

Table 1 below summarizes each of the catchments and their hydrologic values. Figure 1
enclosed illustrates the locations of the catchment areas. Catchment areas have been
determined based on a review of the previous studies performed as well as verification using
LiDAR data (provided by Wasaga) where available. Calculations to support the hydrologic input
values have been enclosed.

Table 1 — Catchment Input Values

Catchment Area (ha) CN Impt(a:/:/)lous Slope (%) Length (m)
HWY26 267 70 1 1 3458
MTO 5.75 60 25 0.77 260
Sunray 15.5 48 7 1.6 400
PW 11.6 50 5 1.1 396
Rom 4.62 44 1 1.72 160
Beach 1.30 48 8 1.5 100
TC 4.03 44 1 1.15 330

A proxy drainage channel was input into the PCSWMM model to provide a more accurate
representation of how each catchment contributes runoff to the channel.

The Timmins Regional Storm was simulated in the PCSWMM model.

2.2 Model Results

Table 2 below outlines the Regional Storm peak flow from each catchment. Figure 2 enclosed
shows the resultant flow from each catchment in the PCSWMM model.

Table 2 — Regional Peak Flow Values

Regional
Catchment Storr?1 (m¥s)
HWY26 11.33
MTO 0.45
Sunray 0.87
PW 0.52
Rom 0.22
Beach 0.08
TC 0.14

The following Table 3 provides a summary of the peak flow experienced at each of the channel

nodes.
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Table 3 — Regional Peak Flows Contributing to the Drainage Channel

Contributin Regional
Node Catchmentg Storr% (m3/s)
J2 HWY26 11.33
J3 11.31
J4 MTO, PW 11.99
J5 Sunray 12.56
J6 12.56
J7 Rom, Beach 12.76
J8 TC 12.88
Ouffall 12.88

The flows summarized above have been used to determine the required channel block size.

3.0 Conclusion

Burnside has reviewed the relevant drainage studies, assessed the key differences, and
updated the hydrologic modelling to determine the Regional Storm peak flow contributing to the
proposed drainage channel. The flows summarized above in Table 3 have been used to design
the proposed channel and determine the required drainage channel block sizes in each of the
land parcels, including Sunray, Beachwood Terrace, MTO, Romanin, and TC Energy.

R.J. Burnside & Associates Limited

Rachel Walton, P.Eng., MASc.
Project Engineer

RW:"[Type Admin Initials]"

Enclosure(s) Fig 1 — Catchment Area
Fig 2 — PCWMM Output Summary
PCSWMM Input Calculations
PCSWMM Model Output

cC: "[Type Name]"

Other than by the addressee, copying or distribution of this document, in whole or in part, is not permitted without the express
written consent of R.J. Burnside & Associates Limited.

230802 Hydrology Tech Memo for Channel Flows.docx
8/2/2023 3:12 PM
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Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

HWY26

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB
B 30 81 153 3
BC
o]
cb
D
Total area (ha): 267.0 Composite CN(l): 49 la (mm) NVCA 7.6
Pervious area (ha): 264.0 Composite CN(ll): 70 la (mm) NRSCS 22.8
Impervious area (ha): 3.0 Composite CN(Ill): 84
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope 153.00
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope 81.00
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 30.00
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area 3.00
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Methodl KerbyMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 267.00 X | 4.6
Runoff Coefficient 0.27
Length (m) 3458
hy (m) 234.58 Kinematic Wave/lzzard Method
h, (m) 200 cr= 0.05
Dh (m) 34.58 n= 0.05
Slope (%) 1,00 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 158.18 60.73 90.65 112.45
Tp (hr) 1.77 0.68 1.01 1.26
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 157.91 498.45 125.29
Tp (hr) 1.76 5.57 1.40

HWY26

C:\Users\RWalton\Documents\052877- Beachwood Floodplain\ 220309 CN, IA, Tp CALCS v1.2TL

1:35 PM
8/2/2023



Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

MTO

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 4 1.75
B
BC
o]
cb
D
Total area (ha): 5.8 Composite CN(l): 39 la (mm) NVCA 7.6
Pervious area (ha): 4.0 Composite CN(Il): 60 la (mm) NRSCS 33.9
Impervious area (ha): 18 Composite CN(Ill): 78
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 4.00
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area 1.75
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 5.75 X | 4.6
Runoff Coefficient 0.38
Length (m) 260
hy (m) 189 Kinematic Wave/lzzard Method
h, (m) 187 cr= 0.05
Dh (m) 2 n= 0.05
Slope (%) 0.77 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 41.06 13.79 20.58 16.15
Tp (hr) 0.46 015 0.23 0.18
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 40.96 91.19 10.74
Tp (hr) 0.46 1.02 012

MTO

C:\Users\RWalton\Documents\052877- Beachwood Floodplain\ 220309 CN, IA, Tp CALCS v1.2TL

1:35 PM
8/2/2023



Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

Sunray

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 14.35 1.15
B
BC
o]
cb
D
Total area (ha): 15.5 Composite CN(l): 28 la (mm) NVCA 9.4
Pervious area (ha): 144 Composite CN(Il): 48 la (mm) NRSCS 55.0
Impervious area (ha): 1.2 Composite CN(Ill): 68
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 14.35
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area 1.15
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 15.50 X | 4.6
Runoff Coefficient 0.25
Length (m) 410
hy (m) 191.2 Kinematic Wave/lzzard Method
h, (m) 184.7 cr= 0.05
Dh (m) 6.5 n= 0.05
Slope (%) 1,59 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 48.15 17.74 26.48 17.39
Tp (hr) 0.54 0.20 0.30 0.19
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 48.14 125.27 11.80
Tp (hr) 0.54 1.40 013

Sunray

C:\Users\RWalton\Documents\052877- Beachwood Floodplain\ 220309 CN, IA, Tp CALCS v1.2TL

1:35 PM
8/2/2023
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Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

PW

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 10.44 1.15
B
BC
o]
cb
D
Total area (ha): 11.6 Composite CN(l): 29 la (mm) NVCA 9.2
Pervious area (ha): 10.4 Composite CN(Il): 49 la (mm) NRSCS 52.9
Impervious area (ha): 1.2 Composite CN(Ill): 69
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 10.44
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area 1.15
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 11.59 X | 4.6
Runoff Coefficient 0.22
Length (m) 396
hy (m) 189 Kinematic Wave/lzzard Method
h, (m) 184.6 cr= 0.05
Dh (m) 4.4 0.10 n= 0.05
Slope (%) 1.11 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 55.28 16.96 25.31 19.47
Tp (hr) 0.62 0.19 0.28 0.22
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 55.21 140.58 13.61
Tp (hr) 0.62 1.57 015

1:35 PM
8/2/2023



Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

PW

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 4.62
B
BC
o]
cb
D
Total area (ha): 46 Composite CN(I): 25 la (mm) NVCA 10.0
Pervious area (ha): 4.6 Composite CN(ll): 44 la (mm) NRSCS 64.7
Impervious area (ha): 0.0 Composite CN(Ill): 64
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 4.62
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 4.62 X | 4.6
Runoff Coefficient 0.14
Length (m) 160
hy (m) 183.5 Kinematic Wave/lzzard Method
h, (m) 180.75 cr= 0.05
Dh (m) 2.75 n= 0.05
Slope (%) 1,72 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 33.16 10.76 16.05 8.01
Tp (hr) 0.37 012 0.18 0.09
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 33.17 62.89 4.42
Tp (hr) 0.37 0.70 0.05

Rom

C:\Users\RWalton\Documents\052877- Beachwood Floodplain\ 220309 CN, IA, Tp CALCS v1.2TL

1:35 PM
8/2/2023
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Project No.:
Location:
Created By:
Checked By:
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Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

TC

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 4.04
B
BC
o]
cb
D
Total area (ha): 4.0 Composite CN(I): 25 la (mm) NVCA 10.0
Pervious area (ha): 4.0 Composite CN(ll): 44 la (mm) NRSCS 64.7
Impervious area (ha): 0.0 Composite CN(Ill): 64
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 4.04
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 4.04 X | 4.6
Runoff Coefficient 0.08
Length (m) 330
hy (m) 180.6 Kinematic Wave/lzzard Method
h, (m) 176.8 cr= 0.05
Dh (m) 3.8 n= 0.05
Slope (%) 115 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 57.63 11.04 16.48 16.62
Tp (hr) 0.64 012 0.18 0.19
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 57.56 137.11 11.14
Tp (hr) 0.64 1.53 012

TC
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Project Name:
Project No.:
Location:
Created By:
Checked By:
Date Created:
Date Modified:

SWMHYMO NASHYD Hydrologic Modeling Parameters - Rural Land Use

CATCHMENT:

Composite Curve Number and Initial Abstraction

Beachwood Floodplain

300052877.1

Town of Wasaga Beach

R.Walton
T.Koen
6-Apr-2022
2-Aug-2023

Beach

Hydrologic Total Area per Various Land Use (ha)
Soil Group Forest/Woodlot Meadow/Field Crop Lawn/Grass Pavement Water
A
AB 1.18 0.1
B
BC
o]
cb
D
Total area (ha): 1.3 Composite CN(l): 28 la (mm) NVCA 9.4
Pervious area (ha): 1.2 Composite CN(Il): 48 la (mm) NRSCS 55.0
Impervious area (ha): 0.1 Composite CN(Ill): 68
Composite Runoff Coefficient
Hydrologic Soil Groups
Land Type A AB B BC c cD D
Cultivated, 0-5% slope 119.35
Cultivated, 5-10% slope
Cultivated, 10-30% slope
Pasture, 0-5% slope 60.00
Pasture, 5-10% slope
Pasture, 10-30% slope
\Woodlot or Cutover, 0-5% slope 80.00
\Woodlot or Cutover, 5-10% slope
\Woodlot or Cutover, 10-30% slope
Lakes and Wetlands
Impervious Area
Gravel
Single Family
- Multiple
Industrial-Light
Industrial-Heavy
Commercial
Unimproved Areas
Lawn, <2% slope
Lawn, 2-7% slope
Lawn, >7% slope
Time of Concentration Input Parameters Uplands/Method] KerbyiMethod I
Flow Path Cover |Sh0rt Grass Pasture Rk = | 0.4 |
Total Area (ha) 259.35 X | 4.6
Runoff Coefficient 0.25
Length (m) 100
hy (m) 184.5 Kinematic Wave/lzzard Method
h, (m) 183 cr= 0.05
Dh (m) 15 n= 0.05
Slope (%) 1,50 i (mm/hr) = 210
Tc Method Bransby Williams Airport (NVCA) MTC Williams Kirpich Watt & Chow
Tc (min) 24.16 55.36 82.62 5.83
Tp (hr) 0.27 0.62 0.92 0.07
Tc Method FAA SCs Kinematic Wave Izzard Kerby Uplands
Tc (min) 24.15 41.43 15.48 2.96
Tp (hr) 0.27 0.46 017 0.03

Beach
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EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)

PCSWMM analysis for comparison to Visual Otthymo Results

R SRR I b b I b b I 2 Sh I S b b b b b b 2 Sh b I 2h b b JE b b S Sh b 2 dh b b 2b Ib b S Sh b b Sh b b Sh Sh b 2 Sh b 2 2 S
NOTE: The summary statistics displayed in this report are
based on results found at every computational time step,

not just on results from each reporting time step.
Ak hkrhkhkhkhkkhkhhhkhkrhkhkrhhkhdhhkhkhkhkhkrhkhkrhrhkhkhhkkhkrhhkhkrhkhkrhkkhkhhkhkhhkhkxkhkx

Kk ok ok kK kkkkkkokkkk*k

Analysis Options
R I S S b b S b S S

Flow Units ............... CMS
Process Models:
Rainfall/Runoff ........ YES
Snowmelt ............... NO
Groundwater ............ NO
Flow Routing ........... YES
Ponding Allowed ........ NO
Water Quality .......... NO
Infiltration Method ...... CURVE_NUMBER
Flow Routing Method ...... DYNWAVE
Starting Date ............ OCT-07-2013 00:00:00
Ending Date .............. OCT-08-2013 00:00:00
Antecedent Dry Days ...... 0.0
Report Time Step ......... 00:05:00
Wet Time Step ..o 00:05:00
Dry Time Step ............ 00:05:00
Routing Time Step ........ 5.00 sec

WARNING 02: maximum depth increased for Node J2
WARNING 02: maximum depth increased for Node J3
WARNING 02: maximum depth increased for Node J4
WARNING 02: maximum depth increased for Node J7

WARNING 02: maximum depth increased for Node J8

kAkkkAhk KAk Kkk kK Kk kK

Element Count
*kkkkkkkkkkk K

Number of rain gages ...... 8
Number of subcatchments ... 7
Number of nodes ........... 8
Number of links ........... 7
Number of pollutants ...... 0
Number of land uses ....... 0

kAkKRkKkAkKAKRkX Ak KAk Kk kX k%K

Raingage Summary
kAhkkhkkhk kA Kk kKA kkkx k%K



Data Recording

Name Data Source Type Interval
100Yr_SCS Type II 121mml0Oyr SCS Type II 121mmINTENSITY 6 min.
10Yr SCS Type II 84.3mml0Yr SCS Type II 84.3mmINTENSITY 6 min.
25Y¥r SCS Type II 99.2mm25Yr SCS Type II 99.2mmINTENSITY 6 min.
2Yr SCS Type II 54.9mm2Yr SCS Type II 54.9mmINTENSITY 6 min.
50Yr SCS Type II 110.1mm50Yr SCS Type II 110.1mmINTENSITY 6 min.
5Yr SCS Type II 72.6mm5Yr SCS Type II 72.6mmINTENSITY 6 min.

Hurricane Hazel (Southern Ontario)Hurricane Hazel (Southern Ontario) INTENSITY
60 min.
Timmins Storm (0-25)Timmins Storm (0-25)INTENSITY 60 min.

khk Kk kKA Ak kkhkkkkkkkkkk*k

Subcatchment Summary
KAk AkAk AR XA AKXk A XA A XXk %k

Name Area Width $Imperv %Slope Rain Gage
Outlet

Beach 1.29 128.73 8.00 1.5000 Timmins Storm (0-
25) J7

HWY26 266.82 771.61 1.00 1.0000 Timmins Storm (0-
25) J2

MTO 5.75 221.00 25.00 0.7700 Timmins Storm (0-
25) J4

PW 11.57 292.15 5.00 1.1000 Timmins Storm (0-
25) J4

Rom 4.62 288.58 1.00 1.7000 Timmins Storm (0-
25) J7

Sunray 15.50 387.50 7.00 1.6000 Timmins Storm (0-
25) J5

TC 4.04 122.31 1.00 1.1000 Timmins Storm (0-
25) J8

kkkkhkhkkkhkKkkk kK

Node Summary
Kk kkkhk kK kKK kK

Invert Max. Ponded External
Name Type Elev. Depth Area Inflow
J2 JUNCTION 187.60 1.10 0.0
J3 JUNCTION 185.50 1.10 0.0
J4 JUNCTION 183.40 1.50 0.0
J5 JUNCTION 182.75 1.50 0.0
J6 JUNCTION 182.49 1.50 0.0
J7 JUNCTION 180.80 1.10 0.0
J8 JUNCTION 178.80 1.25 0.0
OF2 OUTFALL 177.90 1.25 0.0

Kk k ok ok ok kkkkkk

Link Summary

kkkkhkkkkhkkkk kK

Name From Node To Node Type Length %Slope
Roughness



C2 J2 J3 CONDUIT 277.1 0.7578

C3 J3 J4 CONDUIT 283.7 0.7404
0.0350

c4 J4 J5 CONDUIT 97.6 0.6636
0.0350

C5 J5 J6 CONDUIT 22.7 1.1774
0.0100

co J6 J7 CONDUIT 137.8 1.2224
0.0350

c7 J7 J8 CONDUIT 156.6 1.2773
0.0350

C8 J8 OF2 CONDUIT 167.7 0.5366
0.0350

IR IR I b b AR b b 2 Sh b Sh b b Sh b

Cross Section Summary
kAhkkhkkhk kA kkhkkhkkhk kA hk kK kk k%

Full Full Hyd. Max. No. of

Full

Conduit Shape Depth Area Rad. Width Barrels
Flow

Cc2 TRAPEZOIDAL 1.10 10.56 0.80 12.90 1
22.57

C3 TRAPEZOIDAL 1.10 10.56 0.80 12.90 1
22.31

Cc4 TRAPEZOIDAL 1.50 16.20 1.03 15.30 1
38.37

C5 RECT CLOSED 1.50 4.50 0.50 3.00 2
30.77

Cé6 TRAPEZOIDAL 1.10 10.56 0.80 12.90 1
28.67

c7 TRAPEZOIDAL 1.10 10.56 0.80 12.90 1
29.31

C8 TRAPEZOIDAL 1.25 12.56 0.88 13.80 1
24.23

khkhkrhkhkhkhkkhk Ak hkrhkhkrhkkhkhkkxxk*k Volume Depth

Runoff Quantity Continuity hectare-m mm

Ak hkrkhkkhkrhkhkrhkhkhkrkhkhkrhkhkrhkhkdxxkk*x 00—

Total Precipitation ...... 59.749 193.000

Evaporation LOSS ......... 0.000 0.000

Infiltration Loss ........ 26.435 85.389

Surface Runoff ........... 30.822 99.562

Final Surface Storage .... 2.496 8.062

Continuity Error (%) ..... -0.007

R IR IR I S Sh b 2 Sh b 2b Sh b dE Sh b Sh b 2 2b b b 24 Volume Volume

Flow Routing Continuity hectare-m 1076 ltr

khkkkhkhkhkkhkrhkkhkhkhkkdkkhrkkhkrkrkkhkkxk kkkx*x 0

Dry Weather Inflow ....... 0.000 0.000



w

.820 308.199
.000 0.000
.000 0.000
.000 0.000
.788 307.886
.000 0.000
.000 0.000
.000 0.000
.033 0.329
.005

Wet Weather Inflow .......
Groundwater Inflow .......
RDII Inflow ....eueeeuenenenn.
External Inflow ..........
External Outflow .........
Internal Outflow .........
Storage Losses ......ov..n

w

Initial Stored Volume
Final Stored Volume ......
Continuity Error (%) .....

O O O O O O o o o o

khkk kA A r A rhhkhkhkkhkkhkhkhkxxxkkxkx*

Time-Step Critical Elements
Ak hkrhkhkhkhkhkhkhkhkhkrhhkhrhkhkhhkhkkxhkkx

Link C5 (39.72%)

khkkhk kA A drrrhkhkhhkhkhkhkhkhkhxxxhkkhkhkhkhkkkk*k

Highest Flow Instability Indexes

LR I R S R R I S b I S b e I I I S I S S b e S b S b b Y

All links are stable.

khkkhk kA A rkrrhkhkhkhkkhkkkhkkkxx*x*x*xx*x

Routing Time Step Summary
hhkhkrkhkkhkhkhkkhkrhkhkhkhkhhkhkhkkxkhkxkx*k

Minimum Time Step .25 sec

Average Time Step .48 sec
.00 sec
.00

.00

Maximum Time Step
Percent in Steady State
Average Iterations per Step

N O O W

khkkhk kA A Ak Ak rhkhkhkhkhkhhkkhkhkxkxkkk*xk*k

Subcatchment Runoff Summary
KAk KA AAAAXAKAA AN A XA A XA AN A AKX XX KK

Total Peak Runoff

Runoff Runoff Coeff

Subcatchment mm mm mm mm mm
1076 ltr CMS

Beach 193.00 0.00 0.00 112.35 79.62

HWY26 193.00 0.00 0.00 80.94 102.91
274.58 11.33 0.533

MTO 193.00 0.00 0.00 75.67 116.15
6.67 0.45 0.602

PW 193.00 0.00 0.00 116.64 75.20
8.70 0.52 0.390

Rom 193.00 0.00 0.00 129.14 62.73
2.90 0.22 0.325



Sunray

11.94 0.87 0.399
TC

2.41 0.14 0.309

*hkkhk Kk Kk kK khkhkkkkkkkhkk*k

Node Depth Summary
LR I Sk S b b S b S S b S b

0.00

0.00

114.81

132.14

77.04

59.66

Maximum
Depth
Meters

Maximum

Time of Max

Occurrence

days hr:min

OF2

*hkk kKK khkkkkkkkkhkkkkx

Node Inflow Summary
*hkkkkkkhkhkkkkkkkhkxkxxk

O O O O O o o
~
(@}

O O O O O o o o

09:00
09:01
09:01
09:01
09:02
09:02
09:03
09:03

Total

Inflow

Volume

Node
ltr

Maximum

Total

Inflow

CMS

Time of Max

nce

min

Lateral

Inflow

Volume

106 1ltr

Jz2
274.552
J3
274.522
J4
289.817
J5
301.703
J6
301.691
J7
305.590
J8
307.963
OF2
307.884

193.00 0.
193.00 0.
Average
Depth
Type Meters
JUNCTION 0.34
JUNCTION 0.34
JUNCTION 0.36
JUNCTION 0.53
JUNCTION 0.31
JUNCTION 0.31
JUNCTION 0.45
OUTFALL 0.28
Maximum
Lateral
Inflow
Type CMS
JUNCTION 11.325
JUNCTION 0.000
JUNCTION 0.970
JUNCTION 0.875
JUNCTION 0.000
JUNCTION 0.303
JUNCTION 0.142
OUTFALL 0.000

11.325

11.307

11.994

12.562

12.557

12.757

12.883

12.878

Occurre
days hr:
0 08
0 09
0 09
0 09
0 09
0 09
0 09
0 09

:59

:00

:00

:01

:01

:02

:02

:03

274.552

0.000

15.374

11.942

0.000

3.921

2.408

0.000



kkkkhkhkkkhkrkhkkhkhkhrkkhkhkrkhkkkkhx*

Node Surcharge Summary
khkkhkkhkhkhkhkhkhkhkkhkkhkkhkhkhhhxkkkk*

No nodes were surcharged.

khkkkhkhkkkhkrhkkhkhkrkkhkkkrkkkkk*

Node Flooding Summary
kAhkkhkkhk kA hkkhkkhkkh kA hkkk kK k%

No nodes were flooded.

KAk KRRk Ak AKX A ANk A A XA A XAk kA kK

Outfall Loading Summary

LR R R I I

Flow Avg. Max. Total
Freq. Flow Flow Volume
Outfall Node Pcnt. CMS CMS 1076 ltr
OF2 99.19 4.295 12.878 307.884
System 99.19 4.295 12.878 307.884
IR IR IR I I 2h b I dh b I 2 Sh b 2h b gh S
Link Flow Summary
khkkkhkkhkkhkhkhkhkhkkhkkhkkhkkhkhhhkk%k
Maximum Time of Max Maximum Max/ Max/
|Flow | Occurrence |Veloc| Full Full
Link Type CMS days hr:min m/sec Flow Depth
C2 CONDUIT 11.307 0 09:00 1.74 0.50 0.69
C3 CONDUIT 11.280 0 09:01 1.66 0.51 0.71
C4 CONDUIT 11.983 0 09:02 1.21 0.31 0.70
C5 CONDUIT 12.557 0 09:01 2.11 0.20 0.66
Cé6 CONDUIT 12.558 0 09:02 2.13 0.44 0.64
c7 CONDUIT 12.753 0 09:02 1.78 0.44 0.75
c8 CONDUIT 12.878 0 09:03 1.83 0.53 0.64
hhkhkhkhkhkhk kA hkkhkhkrhkhrhkkhkhhkhkhkkkkx
Flow Classification Summary
khkkhkkhkhkhkhkhkhkhkkhkhkhkhkhrkhrxhkhkk,kkhkhkhhhxk*x%
Adjusted --- Fraction of Time in Flow Class —---- Avg.
Avg
/Actual Up Down Sub Sup Up Down Froude



Conduit Length Dry Dry Dry Crit Crit Crit Crit Number
Change

Cc2 1.00 0.00 0.00 0©0.00 1.00 0.00 ©0.00 0.00 0.60
0.0001

Cc3 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.56
0.0001

c4 1.00 0.00 0.00 0.00 1.00 0.00 ©0.00 0.00 0.45
0.0000

C5 1.00 0.00 0.00 0.00 0.99 0.01 0.00 0.00 0.62
0.0001

Cé6 1.00 0.00 0.00 0.00 1.00 0.00 0.00 ©0.00 0.77
0.0000

c7 1.00 0.00 0.00 0.00 1.00 0.00 ©0.00 0.00 0.54
0.0000

c8 1.00 0.00 0.00 0.00 1.00 0.00 ©0.00 0.00 0.58
0.0001

kkkkhkhkkkhrkhkkhkhkrkkhkhkrkhkhrkkkhkkxkk%

Conduit Surcharge Summary
khkkhkkhkhkhhkhkhkhkkhkhkkhkhkhrhkhkhhkkkhkhkxx

No conduits were surcharged.

Analysis begun on: Wed Aug 02 13:29:46 2023
Analysis ended on: Wed Aug 02 13:29:46 2023
Total elapsed time: < 1 sec
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Cost Estimate for Site Pla reement

Project Name: Sunray Living Beachwood
@ BURN giDE Project Number: 300052877
~ Client: Sunray Living Inc.
Date: February 21, 2024

Project Name:  Sunray Living Beachwood
Address: 8859 Beachwood Road
Site Plan: 052877 - DESIGNBASE_CHANNEL

Sunray Living Channel Costs

#  Item Quantity Unit Unit Rate Total

Sunray Living Lands

1  OLS Legal Survey + Placement of Iron Bars for Channel Alignment 1 LS $ 3,000 $ 3,000
2 Tree Clearing 13,140 m? $ 7% 91,980
3 Stump Removal / Clear and Grub Site 13,140 m? $ 7% 91,980
4 Strip & Stockpile Topsoil 3,100 m’ $ 5 % 15,500
5  Cutto Pre-Grade and Stockpile Native Fill on Sunray Site 20,450 m? $ 5 $ 102,250
6  Place Stockpiled Topsoil back on Pre-graded Channel to Finished Elevation 2,060 m’ $ 5 $ 10,300
7  Low Flow Channel Excavation / Fine Grading 1 LS $ 240,650 $ 240,650
8  Apply Seed Mix 11,430 m? $ 2 3 22,860
9  Supply, Construct and Maintain Construction Fence 1 LS $ 5,000 $ 5,000
10 Dewatering / Water Management During Construction 1 LS $ 75,000 $ 75,000
11  Erosion and Siltation Control
a) Supply, Construct and Maintain Mud Mat per Town STD. DWG 17 1 ea. $ 7,500 $ 7,500
b) Install Rock Check Dams as per OPSD 219.211 6 ea. $ 1,000 $ 6,000
¢) Install Sediment Traps as per OPSD 219.220 6 ea. $ 2,500 $ 15,000
12 Maintenance Road (3m) per Town Specs 1,960 m? $ 20 $ 39,200
Total Estimate for Sunray Living Channel Construction
External Works
12 OLS Legal Survey + Placement of Iron Bars for Channel Alignment 1 LS $ 3,000 $ 3,000
13  Tree Clearing 6,790 m? $ 7% 47,530
14  Stump Removal / Clear and Grub Site 6,790 m? $ 7% 47,530
15  Strip & Stockpile Topsoil 2,020 m? $ 5 % 10,100
16 Cutto Pre-Grade and Stockpile Native Fill on Sunray Site 5,570 m? $ 5 % 27,850
17  Place Stockpiled Topsoil back on Pre-graded Channel to Finished Elevation 1,350 m? $ 5 % 6,750
18 Low Flow Channel Excavation / Fine Grading 1 LS $ 124350 $ 124,350
19  Apply Seed Mix 6,790 m? $ 2 $ 13,580
20 Install 300mm Rip Rap for Highway 26 Culverts 600 m’ $ 10 $ 6,000
21 Beachwood Temporary Lane Construction, Traffic Management & Culverts
a) Remove and Dispose of Existing Concrete Box Culverts 2 ea. $ 5,000 $ 10,000
b) Supply and Place New 3 x 1.5m Concrete Box Culverts 2 ea. $ 280,000 $ 560,000
c) Traffic Management (Barrels and Signs) 1 LS $ 3,000 $ 3,000
d) Temporary Traffic Lane Consisting of 200 mm Granular ‘A" Material 1,700 m? $ 12 $ 20,400
e) Temporary Traffic Lane Consisting of 300 mm Granular 'B' Material 1,700 m? $ 22 % 37,400
f) Temporary CSP Culvert Installation and Removal 2 ea. $ 25,000 $ 50,000
22  Betty Boulevard Culverts (Future)
a) Supply and Place 1.8 x 0.9m Concrete Box Culvert 1 ea. $ 75,000 $ 75,000
b) Supply and Place Temporary Gravel Cover / Surface Treatment on Cul\ 50 m? $ 50 $ 2,500
23 Maintenance Road (3m) per Town Specs 1,300 m? $ 20 $ 26,000
24 Supply, Construct and Maintain Construction Fence 1 LS $ - % -
25 Dewatering / Water Management During Construction 1 LS $ 50,000 $ 50,000
26  Erosion and Siltation Control
a) Supply, Construct and Maintain Silt Fence as per NVCA BSD-23 1,300 m? $ 1 8% 1,920
b) Supply, Construct and Maintain Mud Mat per Town STD. DWG 17 1 ea. $ 7,500 $ 7,500
c) Install Rock Check Dams as per OPSD 219.211 4 ea. $ 1,000 $ 4,000
d) Install Sediment Traps as per OPSD 219.220 4 ea. $ 2,500 $ 10,000

©“

Total Estimate for External Works Channel Construction 1,144,410
Total Estimate for Channel Construction| $ 1,870,630
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The Yellow Lady’s Slipper, or Moccasin Flower, is one of the most widespread native orchids. An Ojibway
legend tells of a young girl lost during a bitterly cold winter, and searchers found a Lady’s Slipper

blooming in the snow where she was last seen. The Lady’s Slipper has become the model of the Ojibway
moccasin based on this legend.

We don’t inherit this world from our parents we borrow it from our children.
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1.0 Executive Summary

Cotyledon Environmental Consulting (CEC) was engaged by Watters Environmental
Group Inc. (WEG) to carry out a preliminary scoped Environmental Impact Study (sEIS)
of lands owned by Sunray Living Inc. (Sunray), known municipally as 8859 Beachwood
Road and 65 Robert Street South, in the Town of Wasaga Beach, Ontario.

Sunray is planning to develop the property as a residential subdivision and engaged
several technical consultants to carry out the required assessments and investigations
(such as CEC for this sEIS).

Flood modelling recently conducted by R.J. Burnside demonstrated widespread flooding
of the property and surrounding area during a regional storm event. As a result, the
Town of Wasaga Beach is working with the Nottawasaga Valley Conservation Authority
(NVCA) on a flood mitigation strategy that involves the construction of an engineered
flood control by-pass channel that will traverse the south and east sides of the property
and join with a proposed drainage ditch system that will divert the flood waters north to
Georgian Bay. This will effectively divert all surface water from entering the Sunray

property.

The property is not in the Oak Ridges Moraine, the Greenbelt, the Lake Simcoe
Protection Plan Area, the Niagara Escarpment Planning Area, or the Frontenac Arc
Biosphere Reserve. Itis in the Greater Golden Horseshoe Growth Plan Area and an
area that the Town of Wasaga Beach has planned for residential development.

This report includes observations and data from four environmental consultants
(Burnside, Beacon, Azimuth, and CEC) over the period 2010 to 2021. The property
characterization is thorough, and the biological inventories are current and robust.

The property is neither environmentally unique nor ecologically diverse; it is typical of
young, successional, mixed-wood forests in and around Wasaga Beach.

The wetland areas of the property are ephemeral and dry out every summer. The
wetlands have low ecological functionality as there is no nesting, foraging or staging
habitat for waterfowl, and no open water or riparian habitat for ducks, geese, or raptors.
Also, there is no amphibian breeding habitat, no fish habitat, and no locally or regionally
rare plant species on the property.

The woodlands on the property also have low ecosystem functionality, although they
are designated as significant wildlife habitat due to the presence of maternity roosting
colonies for several species of bats, including the Little Brown Myotis, which is an
endangered species. Disturbance of an endangered species or its habitat requires a
permit issued by the Ontario Ministry of the Environment, Conservation and Parks
(MECP). Regardless of the proposed mitigation initiatives, the sustainability of the local
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at-risk bat population is not jeopardized because the removal of bat habitat on the
property is only about 1% of the comparable forested habitat in the planning area.

As a result of the regional flooding concerns, CEC understands that discussions are
ongoing between the Town of Wasaga Beach and the NVCA regarding mitigation
measures and the resultant impacts on lands such as the Sunray property. This report
will be revised once the directives of the Town of Wasaga Beach and/or the NVCA are

known.
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2.0 Disclaimer

This study was conducted by Cotyledon Environmental Consulting (CEC),
subcontracted to Watters Environmental Group Inc. (WEG), for Sunray Living Inc.
(Sunray). This report, and the data obtained to produce the report, are the property of
Sunray. An electronic copy of this report, and all related data and field notes, are
retained by CEC and/or WEG for usual project management and accounting purposes.
However, neither the report nor the accompanying files will be given to anyone without
the written approval of Sunray.

| am pleased to provide this report — Preliminary Scoped Environmental Impact Study
Beachwood Road and Robert Street South, Wasaga Beach dated April 11, 2023. It
represents information obtained from historic and current reports, on-line sources, and
site visits made by CEC on December 14, 2020, April 19 and 27, May 17 and 31, and
June 10, 13, 16 and 29, 2021 with the caveats identified in the Limitations Section.

WMM

Dave McLaughlin. BScF, MScF
Cotyledon Environmental Consulting

We don’t inherit this world from our parents, we borrow it from our children.
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riparian zone is designated ‘Natural Heritage System Category 1’, in which development
IS USUAIY ProNIDITEA. .. ... e 51

Figure 10: Schedule C of the Town of Wasaga Beach Official Plan indicates the
property is not currently serviced but is planned for future services.......................... 53

Figure 11: Schedule D of the Town of Wasaga Beach Official Plan indicates the west
half of the property is Natural Heritage System Category 1 and 2 Lands, which may
have restrictions on development. This appears to roughly correspond to the Bayshore
Creek flood PIain.........ov i e e e e e e e e eae e DA
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Figure 12: Schedule G of the Town of Wasaga Beach Official Plan identifies Wellhead
Protection and Vulnerable Aquifer Areas. The property is in not in either area, although
much of the developed area of Wasaga Beach is................coccoiiiiiii i 57

Figure 13: NVCA Meander Erosion Hazard. The west hazard is associated with
Bayshore Creek, the east hazard is associated with Shore Creek. In fact, neither creek
has a meander belt and Shore Creek doesn't exist as a defined watercourse. Therefore,
there is no erosion hazard on the Property...... ..o e, 60

Figure 14: The NVCA Regulated Area is about 24.7 ac (10.0 ha) and covers about 80%
[0 1 1= 01 0] o= g Y28 63

Figure 15: NVCA Flood Hazard associated with Bayshore Creek is 9.7 ac (3.9 ha). The
NVCA doesn't predict a flood hazard associated with Shore Creek, which recognizes
the insignificance of that WaterCoUrSe..........c...cooviiiiiiii e e 64

Figure 16: The most recent modelling by Burnside (2022) illustrates the extent of

flooding during a Regional EVENt. ... 66
Figure 17: The Route of the Proposed Flood By-pass Channel..............cccocoviien . 67
Figure 18: There were eight NHIC grids explored for screening Natural Heritage

O UN S, .. e e e 72
Figure 19: Location of Breeding Bird Survey Sites, May 31 and June 10, 2021........... 84
Figure 20: Location of the Amphibian Call Survey. The Storm Water Retention Pond on
the south side of Highway 26 is the closest amphibian breeding habitat....................88
Figure 21: Location of the Four Acoustic Bat Survey Sites (see Table 11)................. 98

Figure 22: Image of a spectrogram from the Kaleidoscope Pro software illustrating
echolocating calls of up to four Little Brown Myotis (Myotis lucifugus) and/or other
Myotis/Perimyotis species. Image is from a recording file created on June 23, 2021 at

Figure 23: Ecological Landscape Classifications of the vegetation communities on the

07 1T 1 114
Figure 24: Approximate Location of Forest Resource Inventory measurement plots...128
Figure 25: Age Class Distribution of the three forest ecotypes (see Table 14)........... 136

Figure 26: Diameter Class Distribution of the three forest ecotypes (see Table 14)....136
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6.0 List of Photographs

Unless otherwise noted, all photographs were taken by CEC with a Nikon Coolpix P90
digital SLR camera.

Cover Photo: The Yellow Lady’s Slipper, or Moccasin Flower, is one of the most
widespread native orchids. An Ojibway legend tells of a girl lost during a bitterly cold
winter, and searchers found a Lady’s Slipper blooming in the snow where she was last
seen. The Lady’s Slipper has become the model of the Ojibway Moccasin based on this
legend.

Photo 1: The path of Bayshore Creek is diverted left by a recently fallen tree (Palmer,
MArCH 29, 2020 ... ittt e e e e e e 35

Photo 2: Fallen trees are very common and constantly alter the spring sheet flow and
stream flow across the wetland area of the property (April 19, 2021).............ccevenen 35

Photo 3: The outflow of Bayshore Creek flows into Georgian Bay (April 27, 2021). It is
dry for muCh Of the YEAI.. ... e e 40

Photo 4: At peak flow in the spring Bayshore Creek overflows west between 39 and 45
Robert St. S. and then into the ditch on the east side of Robert St. S. (April 19,

Photo 5: The main exit for Bayshore Creek is a ditch on the west side of a new
residential property (April 19, 2021).......iiiii it e e e e 41

Photo 6: The ditch runs along the west side of 8859 Beachwood Rd. (April 19, 2021)..41

Photo 7: The Bayshore Creek exit ditch then flows into the ditch on the south side of
Beachwood Rd. (April 19, 2021)......c.oviiuiiie i e e e WAL

Photo 8: The Bayshore Creek main exit from the property is on the south of Beachwood
Road, opposite Thomas St. After a heavy rain the area around the culvert held water
but the creek channel was dry (July 29, 2021).........cooiiiiiiiii e 42

Photo 9: Bayshore Creek has a secondary exit at the southeast corner of Beachwood
Rd. and Robert St. S. (July 29, 2021).......iniii e e e e e 42

Photo 10: Bayshore Creek enters the property through a box culvert on the north side of
Highway 26. The area around the culvert holds water into the summer, but there is no
standing water on the property (July 29, 2021)........cccoiiiiiiiiiiiiie i 42
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Photo 11: The forest, particularly on the east side of the property, was so thick in areas
that it was difficult to walk through, and very challenging to see or hear birds............. 85

Photo 12: An ATV trail looped through the property immediately adjacent to the east of
the study property, which made for better observing and listening opportunities. The
forest community type was consistent across the two adjacent properties, so several of
the breeding bird survey sites were shifted eastward..................ccocoviiiiiiiiiicen, 85

Photo 13: A small, shallow pond formed in the west-central area of the wooded wetland,
as photographed by Palmer during their fluvial geomorphic study March 29, 2021...... 90

Photo 14: The same area April 27, 2021, is completely drained, the ground was moist
but there was no standing water. The pond is too shallow and dries too quickly to be a
vernal pond, so it is not amphibian breeding habitat...................ooo 90

Photo 15: A Song Meter SM4s full spectrum Acoustic Bat Detector mounted on a Poplar
tree at Bat Survey Monitoring Site 3.......c.uiiiiie i e e e 101

Photo 16: SMM-U2 ultrasonic microphone was connected to the SM4 Detector. The
remote microphone provided a substantially greater recording envelope than the
microphones built iNto the detector... ..o e, 101

Photo 17: The Canadian Tiger Swallowtail butterfly was one of seven species of moths
and butterflies observed on the property. It is a common inhabitant of forests and fields

IN SOULNEIN ONEAIIO. .. ... et et e e e e e et e et e 111
Photo 18: Bayshore Creek was flowing April 19, 2021.............ccoeveiiiiviiii el 116
Photo 19: No water was flowing in Bayshore Creek April 27, 2021, but the stream

channel was moist and MUY ..........c.oi i 116
Photo 20: The Bayshore Creek channel was dry May 31, 2021............cccoeveniinnnnee. 116

Photo 21: The Field Thicket on the north edge of the property adjacent to Beachwood
Rd. is a small but distinct ecosite (ELC CUT1a)........c.ccoiiiiiiiiieii e e e e, 120

Photo 22: The Rural Residential area is adjacent to the undeveloped woodland. The
abrupt transition of the vegetation community is evident. There is no ELC classification
for residential land-use. (Photo source: NVCA).......ciiiiiiiiiiie e e, 121

Photo 23: Ash trees killed by the Emerald Ash Borer litter the ground damming and
diverting the seasonal flow of water in the wetland causing the ephemeral pooling and
ponding to constantly shift [ocation............ ..o 124
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Photo 24: The high-water table causes very shallow root systems to develop,
making mature trees susceptible to blow down. The fallen timber and the root mass also
damn and/or divert surface water floW............oieiieii i 124

Photo 25: The extent of Ash dieback is so significant it is changing the character of the
wetland. The canopy openings permit greater light penetration, which dries the surface
soil more quickly in the spring and encourages the seeding of Poplar, Birch, Cedar and
BUCKENOIN . .. e e e e e e e e 129

Photo 26: The extent of Ash dieback is so significant it is changing the character of the
wetland. The canopy openings permit greater light penetration, which dries the surface
soil more quickly in the spring and encourages the seeding of Poplar, Birch, Cedar and
BUCKENOIN . ..o e e e 129

Photo 27: The West and East Woodlands are ELC FOM7-2 Fresh-Moist White Cedar-
Hardwood Mixed Forest