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1. Introduction

Water management within the Muskoka River Watershed (MRW) is complex and has evolved
over many years to balance conflicting water demands. Starting in the 1800s, major changes
were made to lake storage and connecting channels to facilitate navigation and, in turn,
stimulate industry growth. These changes, however, were not meant to address flood
mitigation. Within the last 12 years, the watershed has experienced major flooding
(specifically in 2008, 2013, 2016 and 2019) that caused significant damage to municipal
infrastructure and private property.

District Municipality of Muskoka (DMM) sought to reduce flood risk and address watershed
health and has seized the Province of Ontario’s support to do so. In turn, DMM has scoped
12 projects designed to describe the existing conditions within the watershed, and to inform a
future integrated watershed management (IWM) approach to flood risk reduction. This
integrated watershed management approach seeks to balance conservation and
development while managing human activities and natural resources at a watershed scale.
This report serves to identify potential structural options within the watershed that will
specifically mitigate flood risk and describes the work executed to derive these options. This
work was subdivided into the following main tasks:

Background information collection/review
Site reconnaissance/visit

Hydraulic system review

Option identification

Initial concept design development

=A =4 =4 =4 =4 =

Estimation of scope and costs associated with the preliminary design of the flood
mitigation options.

These tasks are summarized in the following sections. As an important note, throughout this
report are the terms Baseline Case and Mitigation Case. Baseline Case refers to status-quo
flood-impacted conditions based on the current state of the watershed, while Mitigation Case
refers to flood impacted-conditions that occur after the implementation of specific flood
mitigation options. The definitions of these terms are revisited throughout the report where
needed for clarify.
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2. Background Information Collection and Review

The following is a brief description of the key information sources collected and reviewed as
part of this study.

2.1 Guidelines, Reports and Studies

il

Dam Operations Manual for Muskoka River Dams (Ontario Ministry of Natural
Resources, 1997 with 2007 updates) — The Dam Operations Manual (DOM) for Muskoka
River Dams was provided by Ministry of Natural Resources and Forestry (MNRF) and
includes the physical dimensions and operational details for the various control structures
throughout the MRW. This document is referred to throughout this report as the DOM
(OMNR, 1997, updated in 2007).

Muskoka River Water Management Plan (Ontario Ministry of Natural Resources, et al,
2006 with amendments) — The Muskoka River Water Management Plan (MRWMP)
provides information on the seasonal operating conditions and the storage characteristics
of major lakes in the watershed.

Report of the Muskoka Watershed Advisory Group: Interim Advice and
Recommendations to Address Priority Environmental Issues in the Muskoka River
Watershed (Muskoka Watershed Advisory Group, 2020) — This report provides
background information on an array of issues in the MRW, including flooding. A need to
pursue flood mitigation studies is discussed in Recommendation 8.

An Independent Review of the 2019 Flood Events in Ontario (MacNeil 2016) — This
report was authored by Douglas McNeil, Ontario’s Special Advisor on Flooding (2019).

Matthias Generating Station Dam Safety Review (RJ Burnside, 2007) — This dam
safety review document provided rating curves that relate spillway capacity to head pond
levels for Matthias Generating Station (GS), which were considered during options
development.

Technical Report for Muskoka River Flood Plain Mapping Study (H356689-00000-
200-230-0002) (Hatch, 2020) — This report details the hydrologic and hydraulic analyses
that produced estimates of flood-impacted water levels for the application as part of the
Flood Plain Mapping Study (FPMS) in the MRW. Select hydraulic models described in
this report were adopted for this study (see Section 2.3).

Interim Progress Report (H366496-0000-200-230-0001) (Hatch, 2022a) — Interim
progress report dated June 3, 2022, issued to DMM by Hatch as part of the FPMS. This
report includes detailed information on the structure, set-up and calibration of the
hydrologic model adopted for this study (see Section 2.3).

South Muskoka — Fraserburg Reach Floodplain Mapping Memo (H366496-0000-200-
030-0001) (Hatch, 2022b) — Memo dated June 10, 2022, issued to DMM by Hatch as part

H367619-0000-2B1-066-0001, Rev. 0
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of the FPMS. This memo includes detailed information on the structure, set-up and
calibration of the Fraserburg hydraulic model adopted for this study (see Section 2.3).

1 Musquash River Floodplain Mapping Memo (H366496-0000-200-030-0005 —in
progress) (Hatch, 2022c) — In-progress memo to be issued to the DMM by Hatch
documenting the structure, set-up and calibration of the Musquash River hydraulic model
adopted for this study (see Section 2.3).

2.2 Other Datasets
1 300-5-A-21 MR14 - Issued for Tender Drawings — These drawings provided by DMM
outlines engineering works that are approved for completion on Fraserburg Road. The
work completed is related to infrastructure protection from flood conditions.

1 ‘High Falls Operator Spreadsheet’ tool — This Microsoft® Excel® workbook was
provided by Bracebridge Generation and facilitates calculation of head pond levels and
total flow under different operating conditions at High Falls GS.

1 ‘SLUICE-Flow-Matthias GS — adjusted Cd’ tool — This Microsoft® Excel® workbook
was provided by Orillia Power Generation Corporation and facilitates calculation of head
pond levels and flow under different operating conditions at Matthias GS.

1 LiDAR Survey Data — These topographic mapping data cover 1508.4 km? of the MRW
and were collected as part of DMM’s FPMS. Further information on collection and
processing of these LIDAR data is provided in the Technical Report for Muskoka River
Flood Plain Mapping Study (Hatch, 2020). The 1-m grid datasets of Bare Earth and
Hydroflattened digital elevation models (DEM) created from LiDAR data were employed
for analyses.

1 Zoning GIS Datasets (various) — These geospatial data included zoning classification
layers for the six municipalities in Muskoka (Town of Huntsville, Town of Bracebridge,
Town of Gravenhurst, Township of Muskoka Lakes, Township of Lake of Bays, and
Township of Georgian Bay). These data were used to characterize the land use of flood
impacted areas.

1 ‘Building_Footprint_2018" GIS Dataset — These geospatial data include the footprints
of structures throughout the MRW. DMM provided descriptive classifications (e.g.,
residential, boathouse, etc) for select structures (based on areal size and other factors),
however these classifications are considered preliminary and may be subject to
refinement.

2.3 Flood Plain Mapping Study (FPMS) Models
As part of the 2020 FPMS in the MRW (Hatch 2020), several hydraulic models were created
using HEC-RAS (Version 5.0.7). HEC-RAS is a modelling software developed by the United
States Army Corps of Engineers (USACE) Hydrologic Engineering Center and can facilitate
development of both one-dimensional (1D) or two-dimensional models (2D).
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The models developed for the 2020 FPMS and adopted for this study included Big East,
Huntsville Narrows, Baysville, Purbrook, Springdale and Bala Reach. A thorough description
of these models is provided in the 2020 FPMS report (Hatch 2020). Since the 2020 FPMS,
additional hydraulic models have been developed for flood plain mapping in different areas of
the MRW. Two of these additional models were adopted for this study, specifically Fraserburg
(Hatch 2022b) and Musquash River (Hatch 2022c).

As part of FPMS in the MRW, a hydrologic watershed model was developed using the
USACE’s Hydrologic Engineering Center Hydrologic Modelling System (HEC-HMS) software
(Version 4.8). HEC-HMS is a standard tool for hydrologic modelling that is widely used in
Canada. The model is able to represent snow accumulation and melt, snowmelt- and rainfall-
runoff transformation, overland flow routing, groundwater outflow, and reservoir routing using
a range of user-selected model processes. These features make the model suitable for
simulating hydrologic conditions during the design events of the MRW. Further information on
this model is provided in an interim report issued to DMM (Hatch 2022a).
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3. Study Priority Areas

DMM is comprised of 13 lower tier municipalities and 2 upper tier municipalities, which
include the Towns of Gravenhurst, Bracebridge and Huntsville. These municipalities are
located within the MRW, a basin which encompasses an area of approximately 5100 km?
(including 78,000 ha of lakes). The watershed extends from headwaters along the western
side of Algonquin Provincial Park and outlets to Georgian Bay via two rivers. The watershed
features three distinct regions, specifically, North Branch Muskoka River, South Branch
Muskoka River, and Lower Watershed (‘Muskoka Lakes’).

The North Branch and South Branch regions account for approximately two-thirds of the total
MRW’s drainage area. The South Branch and North Branch of the Muskoka River confluence
near Bracebridge, and outlet as a single river into Lake Muskoka. The Lower Watershed
region features several large lakes — Lake Joseph, Lake Rosseau, and Lake Muskoka —
where Lake Muskoka is the largest among them. Outflows from Lake Muskoka bifurcate into
the Moon and Musquash Rivers, both of which flow to Georgian Bay. A number of monitoring
sites are located throughout the MRW (see Figure 3-1), which assist in characterizing
hydrologic conditions throughout the year.

In recent historical years, the MRW has experienced several large flood events that have led
to extensive damages. Flood management in MRW is a challenging endeavor, owed in part
to diverse water demands throughout the area. These water demands come from a variety of
stakeholders, including Indigenous communities, hydropower operators, cottagers, and
tourists/recreationalists. High densities of structures (e.g., homes, commercial buildings, etc)
in floodplain areas present further challenges in the pursuit of flood mitigation. While
comprehensive elimination of flooding is not possible for the MRW, targeted mitigations can
be implemented to lessen the severity of flooding in local areas.

The focus of this study was to identify and analyze structural mitigations to address flooding
in the MRW. This report is focused on identification of flood mitigation options and describing
the local flood mitigation potential of 10 selected options within specific geographic areas.
Watershed-scale impacts of these mitigations will be assessed in Flood Maodifications
Review.

Hatch, DMM and the IWM Technical Working Group (TWG) collaborated together to identify
five areas within the watershed for option identification and assessment. The selection of
these locations was based on observational data collected during the 2013 and 2019 flood
events and historical knowledge of the watershed. The general boundaries of these areas are
identified in Figure 3-2 as Priority Areas of Concern and are referred to as follows—Big East
River (North Branch Muskoka River), Huntsville Narrows (North Branch Muskoka River),
Springdale (North Branch Muskoka River), Baysville/Fraserburg/Purbrook (South Branch
Muskoka River), Muskoka/Bala (Lower Watershed).
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Structural and Watershed-Scale Flood Mitigation, Data Sources HATCH
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4. Flood Event Hydrology

The two design flood events adopted as the basis for examining flood impacts in the MRW
are those that occurred in 2019 and 2013. In April and May of those years, rain-on-snow
events produced significant flooding and the highest flow rates ever recorded at the four main
Water Survey of Canada (WSC) stations in the watershed. A forensic analysis of these
events is provided in numerous reports, including the Technical Report for Muskoka River
Flood Plain Mapping Study (Hatch 2020).

Trends relevant to this study include that the 2019 event is the governing design flood for the
South Branch (downstream from Lake of Bays), North Branch (downstream from Fairy Lake)
and Lower Watershed regions. Additionally, the 2013 event is the governing design flood for
the North Branch (upstream from Fairy Lake). Baseline Case conditions in each priority area
were established using either of these two design flood events to inform the development of
flood mitigation options. These design flood events were also applied to evaluate the
potential effectiveness of flood mitigations as part of the Mitigation Case.

The main hydrologic inputs required for both Baseline Case and Mitigation Case
assessments were flow (Q) and water level (i.e., water surface elevation; WSE), as these
datasets are necessary for hydraulic model simulations. Flow data for design flood events
were sourced from WSC records and were supplemented by simulated flows using the FPMS
hydrologic model to quantify the flow contributions of ungauged sub-basins in the MRW.
Water level data were mainly adopted from assumptions made as part of the FPMS.

Design flood hydrographs® and cumulative flow volumes for each of the priority areas (and
their respective reaches) are provided in Figure 4-1 through Figure 4-7. Applications of these
hydrographs during hydraulic modelling are discussed further in Section 5.

1 Flow is designated by the letter “Q” in these figures.
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Figure 4-1: Design flood hydrographs to the Upper Big East River reach (Year 2013)
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Figure 4-2: Design flood hydrographs to the Lower Big East River reach (Year 2013)
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Figure 4-3: Design flood hydrograph to the Huntsville Narrows reach (Year 2013)
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Figure 4-4: Design flood hydrograph to the Springdale reach (Year 2019)
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Figure 4-5: Design flood hydrograph to the Baysville and Fraserburg reaches (Year 2019)
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Figure 4-6: Design flood hydrograph to the Purbrook reach (Year 2019)
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Figure 4-7: Design flood hydrograph to the Muskoka/Bala reaches (Year 2019)
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5. Hydraulic Systems and Environmental Review Methodology

5.1 Hydraulic Systems
As discussed in the Section 2.3, all hydraulic models used to facilitate this study associated
were adopted from the FPMS. A summary of these models is presented in Table 5-1. As
indicated in Table 5-1, the following changes to select FPMS models were pursued to satisfy
the objectives of this study:

1 Extension of the Muskoka/Bala model upstream from Bala Park Island: The
Muskoka/Bala model adopted from the FPMS had an upstream boundary at the tailrace
of Bala Dam. To simulate the Bala Park Island constrictions (Section 6.5), three
additional reaches were added to extend the model boundary upstream from the island.
The use of junctions was included to estimate the proportion of total Lake Muskoka
outflow through each of the three island constrictions. Bala Dams were represented by a
rating curve relating Bala Bay water level and Bala Bay outflow, which was sourced from
the DOM (OMNR, 1997 with 2007 updates). Further details on the model expansion are
as follows:

E Bathymetry of the three constriction channels was based on sonar data collected
using a HydroLite-TM (Transom Mount) survey kit combined with a Trimble® R10
GNSS system. The geometry of train bridges was incorporated into the hydraulic
model and based on survey points collected by field surveyors of main features,
including pier widths/locations and soffit elevations.

E Channel bed roughness (0.035) and floodplain roughness (0.06) values for the Bala
Reach Section were assigned in the FPMS model were adopted herein. Contraction
and expansion coefficients for each constriction channel were set to 0.6 and 0.8,
respectively, which are higher than typical values. These values are justified as they
properly represent the hydraulic losses associated with lake-river flow transitions.
Cross-sections representing Bala Bay and Lake Muskoka were given a very low
assumed bed elevation (as no bathymetry was available for lake sections), under the
assumption of negligible hydraulic losses between lake cross-sections.

E Small adjustments to the location of the downstream boundary at Moon Chutes were
required. Following these adjustments, the model yielded an adequate simulation of
Lake Muskoka water levels during both the 2013 design flood event (0.03 m error,
observed greater than simulated) and the 2019 design flood event (0.05 m error,
simulated less than observed). The model set-up is shown in Figure 5-1.
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Figure 5-1: Extension of Muskoka/Bala model through Wallis Cut (W.C.), Jannacks
Narrows (J.N.) and Coultier Narrows (C.N.); General flow direction from right to left

1 Application of unsteady flow settings: Previous studies were conducted using steady
state hydraulic models. However, the availability of design flood hydrographs for each
model provides opportunity to conduct unsteady simulations. Unsteady simulations
include application of time-varying flows and/or water levels at model boundaries, while
steady simulations consider a single time-invariant value at each boundary. In general, it
is expected that steady simulations may yield slightly higher water levels relative to
unsteady simulations, and that unsteady simulations yield higher accuracy results.

1 While unsteady simulations were applied for most models, only steady simulations were
performed for Fraserburg and Muskoka/Bala models. This approach is due to the
presence of multiple hydraulic controls within these reaches, which presents a
challenging condition for achieving model stability in an unsteady model simulation. The
implication of this decision is that water levels in Fraserburg and Muskoka/Bala should be
considered to be slightly conservatively high for the design flood event.

1 Q-WSE critical depth rating curve: Application of unsteady flow simulations at Baysville
required development of a critical depth rating curve. This pursuit included simulating
downstream critical depth over a range of steady flow conditions to develop a curve and
applying this curve as a downstream boundary condition during the unsteady flow
simulation.
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Table 5-1: Summary of Priority Area Hydraulic Models (red bolded entries indicate required FPMS model changes)

Downstream
Water Steady or
Type of Design Flood Upstream Model Downstream Model Level Boundary Unsteady
Priority Area Model Event Year Reach Boundar Boundar for Baseline Case Simulation Settings
Upper Big East Williams Port . Q-WSE 1
River Little East River SRR AL Rating Curve UlnisiEeely
Big East River 2D 2013 Lower Big East Big East at HWY Lake Constant Water Level 1
. 11 Unsteady
River = Vernon (286.68 m)
Local inflow
Huntsville Huntsville Fairy Constant Water Level 1
Narrows 1D 2013 Narrows Lake Vernon Lake (285.3 m) Unsteady
. . High Falls GS Constant Water Level 1
Springdale 1D 2019 Springdale Duke Chutes Head Pond (270.8 m) Unsteady
. . Fairy Q-WSE 1
. Baysville Baysville Dam Falls Critical Depth Rating Curve* Unsteady
Baysville/ 1D -
Fairy Purbrook Normal 2
Fraserburg/ 2019 Fraserburg I id h Steady
Purbrook Falls _Brl ge Dept
1D & 2D Purbrook Purbrook Matthias GS Head Constant Water Level Unsteady?
Bridge Pond 293.5m Y
Lake Muskoka
EalEl ERY U/S of Bala Park Moon Critical
ERIE REEE Island?® Chutes Depth
Muskoka/Bala 1D 2019 (U/S of Moon P Steady?
Chutes)
Bala Reach (D/S D/S of Ragged Rapids Normal
of Moon Chutes) B VS and Moon Chutes Depth

IModel changes from FPMS for application are described in Section 5.
2The presence of numerous hydraulic controls within Fraserburg and Muskoka/Bala models posed constraints for applying unsteady simulation settings.

Original Model
Source

(Hatch 2020)

(Hatch 2020)

(Hatch 2020)
(Hatch 2020)
(Hatch 2020)
(Hatch 2022b)

(Hatch 2020)

(Hatch 2020)

(Hatch 2022c)
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Flood Impact Assessment
The degree of flood impacts in the Baseline Case and Mitigation Case was quantified through
the combination of two specific metrics:

1 Flood Inundation Area: defined as the horizontal extent of impacted land and water
regions during peak water levels.

1 The Number of Impacted Structures: determined by comparing a structure’s footprint with
the flood inundation area. Intersection between these two datasets triggers identification
of an impacted structure.

Supplemental datasets of zoning and structure classification were incorporated into the
assessment as well. These supplemental datasets are as follows:

1) Zoning classes: Generalized zoning classes were derived from zoning geospatial data
obtained for the municipalities of Town of Huntsville, Town of Bracebridge, Town of
Gravenhurst, Township of Muskoka Lakes, Township of Lake of Bays, and Township of
Georgian Bay. These generalized zoning classes (e.g., Residential, Commercial,
Environmental Protection, etc) were inferred from more detailed classification data in the
zoning datasets. Zoning classes were applied to characterize land area percentages
within each ‘flood inundation area’.

2) Classified building footprints: Classified building footprint geospatial data was provided by
DMM, and these data were applied to categorize ‘impacted structures’ as part of the
study. Accordingly, these classification data were considered preliminary and may require
future review/refinement by DMM.

Note that classified building footprint data were not available for all areas of the study, and in
these cases, non-classified impacted structures are counted with a classification of ‘no data’.

Environmental

The environmental review provided a summary of existing natural heritage conditions to
inform the evaluation of the alternative flood mitigation measures, as well as to identify
recommended studies to be completed to inform environmental permitting and approvals
requirements to proceed.

Available background information related to the natural environment within each priority area
was collected and reviewed in order to document natural features such as woodlands,
wetlands (including unevaluated and evaluated Provincially Significant Wetlands [PSWs]),
fish and fish habitat, general wildlife habitat, and Species at Risk (SAR) occurrences. The
SAR identified were defined as species listed as Special Concern (SC), Threatened (THR), or
Endangered (END) under Schedule 1 of the federal Species at Risk Act (2002) (SARA)
and/or under the Endangered Species Act (2007) (ESA) Ontario Regulation 230/08: Species
at Risk in Ontario List.
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A number of sources were consulted in this desktop review, including the following:

1 Applicable Ministry of Natural Resources and Forestry (MNRF) databases and mapping
layers including

E Land Information Ontario (LIO) database (MNRF 2020)

A Fish Activity Area

A Aquatic Resource Area
A Wildlife Value Areas
E Natural Heritage Information Centre (NHIC) database (2022); and
E  Fish ON-Line

1 Ontario Breeding Bird Atlas (OBBA) (Bird Studies Canada (BSC), et al. 2006)

1 Fisheries and Oceans Canada (DFO) Species at Risk Mapping Tool (DFO 2022)

1 ‘Herps of Ontario’ database in iNaturalist (iNaturalist 2020). Previously known as the
Ontario Reptile and Amphibian Atlas

1 Atlas of the Mammals of Ontario (Dobbyn 1994)
1 Lower and upper tier Official Plans including

E District of Muskoka Official Plan (The District of Muskoka Community and Planning
Services Department, 2019)

E Town of Huntsville Official Plan (2019)
1 Muskoka Watershed Report Card (2018)
9 Aerial photography.

Baseline Case Conditions

Various environmental features identified during the desktop review noted above were
reviewed. The results of the review are presented in a ‘Baseline Case Environmental Review
Table’ (Table 7-2) and are intended to provide an overview of potential impacts to both
natural features and agricultural/residential properties during baseline flood conditions.

Mitigation Case Conditions

The environmental features documented during the desktop review were then reviewed
against the mitigation case scenarios to determine the impacts of altered inundation zones,
as well as high-level potential impacts from preliminary potential construction methodologies
associated with each preferred solution. These findings have been presented in a ‘Mitigation
Case Environmental Review Table’ (Table 10-1) along with supporting text in Section 10.1.
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Alterations to the flow regime within the watershed may result in changes to habitats or
ecosystem functions. These potential impacts should be considered in parallel to designing
the mitigation measure so that impacts can be minimized through planning of subsequent
design phases. For each option, potential environmental impacts were identified at a desktop
level through the following steps:

1.

Previously published Geographic Information System (GIS) database layers were applied
to a base map of the Muskoka River watershed. Features include sensitive ecosystems
such as unevaluated and evaluated wetlands including PSWs, Areas of Natural and
Scientific Interest (ANSI), and specialized habitats such as significant bird areas, critical
fish habitat (as defined by a species’ recovery strategy and available on DFO mapping),
spawning areas, etc.

During selection of flood mitigation options, highly sensitive areas (i.e., presence of
potential SAR habitat, habitats highly sensitive to alteration, etc) were reviewed to identify
areas where flood mitigation measures may have elevated risks of significant impacts.

Once options for flood mitigation were selected, measures that require permanent
alteration to environment such as deepening channels, increasing flood flow capacity,
and placement of flood control structures were reviewed to identify permanent alterations
to the landscape that could alter the surrounding natural environment.

Predicted flood water levels following implementation of the mitigation measures were
reviewed to assess if temporary flood impacts would impact sensitive ecosystems under
flood conditions. This assessment was based upon previously mapped features and
focused on areas that may have significant negative impacts if the area is temporarily
flooded.

Mitigation measures were reviewed to determine if they will alter flow patterns upstream
and downstream from the mitigation measure area. For example, increasing flow through
a structure by lowering water levels that may impact wetland storage or if water level
changes would impact potential fish spawning habitat. These impacts were identified
based upon mapped features contained in existing databases.

Natural areas that suggest there is potential for sensitive habitats to be present where
permanent alteration may affect these habitats were identified using the existing
databases. These areas have been identified for field surveys during the design phases
(Table 10-3) should the flood mitigation measure be selected for implementation.

Based on the work required for each mitigation measure, a preliminary list of permits that
may be triggered was developed (Section 10.3.2). Additional studies that may be
required for each permit were also identified.
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8. For each option, additional potential field surveys have been identified to refine potential
impacts and to assist with refining the design that can also be included with permit
applications (Table 10-3).
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Baseline Case Hydraulic Systems Review

This section presents findings of a review of select hydraulic systems within the MRW. These
findings are in the context of each priority area individually, thus establishing the Baseline
Case conditions required to inform development of flood mitigation options. With a sub-
section for each priority area, references are made to full-page tables located in Section 6.6,
including

1 Table 6-1: Baseline Case Flood Inundation Area, Number of Impacted Structures, and
Impacted Structure Density

i Table 6-2: Baseline Case Number of Impacted Structures (Including Classification)
9 Table 6-3: Baseline Case Flood Inundation Area (Including Zoning Classification).

Plan and profile view of Baseline Case flood conditions within each priority area are included
as full-page maps at the end of Section 6.

Big East River

Big East River functions as a major tributary within the North Branch of the MRW. The river
originates at East End Lake in Algonquin Provincial Park and terminates at Lake Vernon. The
sub-watershed of the Big East River includes numerous large lakes such as Bella Lake and
Rebecca Lake, and at the mouth of the Big East River (i.e., Lake Vernon) its drainage area is
approximately 650 km?. The Big East River priority area extends from 1 km downstream from
Williamsport Road to the mouth at Lake Vernon. As shown in Figure 6-1, this reach features
evidence of dynamic channel activity, through the presence of both channel meandering and
oxbow features.

" Oxbow
Features \

o
| _ Googlé Earth
7 B il ek ok

Figure 6-1: Oxbow features of the Big East River upstream from HWY11 (flow from
right to left). (Source: Google Earth™ Imagery)
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The sinuosity (i.e., degree of curvature and bending) of the Big East River was calculated to
be approximately 2.6 within the priority area. A sinuosity of 2.6 corresponds with a
meandering channel (Mueller, 1968), and further reinforces the dynamic nature of the
channel. Satellite imagery and geospatial data of structure footprints show significant
development within the river's meander belt, which is defined as the space that the
meandering watercourse occupies on its floodplain (Parish Geomorphic, 2004).

The flood inundation area for the Baseline Case is the largest of any priority area (9.64 km?;
Table 6-1), which is attributed to the Big East River’s expansive floodplain. The majority of the
flood inundation area (97%) is classified as Natural Resources (Table 6-3). The expansive
extent of overland flooding in the Baseline Case (Figure 6-10) is consistent with Natural
Resources zoning, as floodway and flood fringe areas are included in this zone. Within the
flood inundation area, 620 structures are impacted, most of which are classified as either
commercial or residential (see Figure 6-2).

The impacted structure density is 64.3/km? of flood inundation area, which is moderate
relative to other priority areas. As shown in Figure 6-10, high density clusters of impacted
structures are observed in the Big East Delta up to upstream from Ravencliffe Bridge (river
stations 0 to 4000 m), near Highway 11 South Bound (approximately river station of 8000 m),
and near River Cove Dr. and Robert RD W (approx. river station of 16,000 m). One notable
area of high head loss is across the Highway 11 and Railway bridges between river stations
13,000 and 15,000 m.

The water surface profile of the Big East River is influenced both by Lake Vernon water level
and the incoming flows from the sub-watershed. Flows from the Big East River sub-
watershed are regulated by several upstream dams. The most downstream from these dams,
Distress Dam (location shown in Figure 3-2), has a drainage area of 464 km?2. In 2000,
Distress Dam was converted to a spill structure (as described in the DOM (OMNR, 1997 with
2007 updates)) and, in essence, functions as a weir to control flow and water levels. The
DOM (OMNR, 1997 with 2007 updates) lists the purpose of the dam as being for recreation,
and the current state of the structure is shown in Figure 6-2.

Figure 6-2: Existing control structure at Distress Dam upstream from the Big East
River priority area. (Source: the DOM [OMNR, 1997 with 2007 updates])
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6.2 Huntsville Narrows
The Huntsville Narrows is a section of the Muskoka River North Branch that flows through the
Town of Huntsville in an easternly direction. This reach is highly urbanized and features two
bridges — the Centre Street bridge and the Main Street East swing bridge. The swing bridge
(Figure 6-3) is not currently operated for navigation passage but remains accessible for
crossing by vehicle and pedestrian traffic.

Figure 6-3: Huntsville swing bridge (flow from left to right). (Source: Site Visit May
2022)

Immediately upstream from the swing bridge in the north-side floodplain is a commercial area
that is particularly low-lying relative its adjacent shoreline along the Muskoka River
(Figure 6-4).
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Figure 6-4: Low-lying shoreline (foreground) and adjacent commercial area
(background). (Source: Site Visit May 2022)

The Huntsville Narrows priority area includes the Muskoka River North Branch from Lake
Vernon (upstream) to Fairy Lake (downstream). The flood inundation area for the Baseline
Case (1.19 km?) of Huntsville Narrows is comparatively small amongst the priority areas. The
zoning classifications for the Baseline Case flood inundation area are diverse due to the
urban setting (Table 6-3), although predominant classes include residential (35%) and
commercial (22%).

Within the Baseline Case flood inundation area, there are 77 impacted structures. Included in
this structure count is 27 boat houses, which are represented by a horizontal track of
low-lying points within the inset graph at an elevation of 283.35 m (Figure 6-11). A significant
number of the remaining impacted structures are located in the adjacent commercial area
north of the Muskoka River North Branch between river stations 3000 and 4000 m. The
impacted structure density in the Huntsville Narrows reach is 64.7/km? of flood inundation
area, which is moderate relative to other priority areas.

Much of the flooding in Huntsville Narrows is attributed to backwater caused by the swing
bridge, which is consistent with the previous identification of this structure as a possible
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hydraulic ‘choke point’ (Cragg 2020). Another primary cause is high water levels both
upstream (Lake Vernon) and downstream (Fairy Lake) of Huntsville Narrows.

Water levels through the Huntsville Narrows are a function of water level in the Huntsville
Lakes, specifically Lake Vernon (upstream) and Fairy Lake (downstream). Along with
Peninsula Lake, Lake Vernon and Fairy Lake comprise the ‘Huntsville Lake’, and all three of
these interconnected lakes are regulated by the Huntsville Dam. This dam is located 5 km
downstream from the swing bridge and 0.7 km downstream from the Fairy Lake outlet.

6.3 Springdale

Springdale is an area of the Muskoka River North Branch downstream from Mary Lake, which
is downstream from the Huntsville Lakes. As shown in Figure 6-12, the Springdale reach is
flanked by many residential shoreline properties (e.g., between river station 1000 and
2000 m), including a high density of properties along Shoreline Road (approx. river station of
3000 m). Satellite imagery and site visit observations indicate extensive forest cover along
most of the shoreline for this reach. The Springdale priority area includes the Muskoka River
North Branch from Duck Chutes (upstream) to the High Falls GS head pond (downstream;
Figure 6-5).

0 AMSL:A703ft TGT (MGRS):17T1PK33570:94191 EL :855ft DIST:0.5km

H:FZFE 008M?° 76 NM/h E=|I , ® | >

.~ 4.3NM (03:19)

Fallsview Rd

e+

ICON"

P 0:56/1:23

Figure 6-5: Aerial footage High Falls GS and head pond during the 2019 design flood
(flow in the upwards direction) (Source: Muskoka Flood 2019 video footage)

The flood inundation area of the Baseline Case (0.57 km?) is small relative to the other
priority areas. Residential zoning comprises the majority of zoning within the flood inundation
area (74%; Table 6-2). Within the flood inundation area, there are 109 structures, almost all of
which are residences or associated outbuildings and sheds (Table 6-2). Despite its relatively
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small flood inundation area, this reach features the highest impacted structure density
(191.2/km? of flood inundation area).

Water levels in this reach are highly influenced by regulation at High Falls GS via its
upstream head pond, which is operated by Bracebridge Power. An increase in head pond
elevation results in an increase in upstream water levels through the Springdale reach
resulting from natural head loss in the river. This backwater effect terminates at Duck Chutes,
as the chutes function as a hydraulic control (‘choke point’), and as a result Muskoka River
North Branch water levels upstream from Duck Chutes are insensitive to the backwater
influence of regulation at High Falls GS.

Baysville/Fraserburg/Purbrook

The Baysville/Fraserburg/Purbrook priority area is part of the Muskoka River South Branch.
At its upstream end is Lake of Bays, which features a drainage area of 601 km? and receives
inflows from major rivers including the Oxtongue River, Hollow River and the Boyne River.
Lake of Bays has the second-largest surface area of all lakes in the Muskoka River
Watershed (68 km?), and water levels in the lake are regulated by the Baysville Dam at its
outlet. The Baysville/Fraserburg/Purbrook priority area spans from the Baysville Dam to the
Matthias GS head pond. This priority area is divided into three reaches—Baysville (Baysville
Dam to Fairy Falls), Fraserburg (downstream from Fairy Falls to Purbrook Bridge), and
Purbrook (downstream from Purbrook Bridge to the Matthias GS head pond).

The hydraulic characteristics of these reaches can be evaluated in isolation from each other
due to the presence of hydraulic controls (‘choke points’) that separate the reaches. These
choke points inhibit influence of downstream features (e.g., bridges, dams, constrictions, etc)
on upstream water levels. Hydraulic controls that separate these reaches include Fairy Falls
(between Baysville and Fraserburg) and Purbrook Rapids (between Fraserburg and
Purbrook).

The following sections describe the Baseline Case conditions for each reach of the Baysville/
Fraserburg/Purbrook priority area.

Baysville

The Baysville reach is located between Baysville Dam and Fairy Falls. The flood inundation
area for the Baseline Case (0.51 km?) is the smallest of all priority area reaches. Residential
zoning comprises the majority of the flood inundation area (88%; Table 6-3). Within the flood
inundation area, there are 12 structures, almost all of which are residences or associated
outbuildings and sheds (Table 6-2).

This reach features the lowest impacted structure density of all priority area reaches
(23.5/km? of flood inundation area). Closer inspection of the location of impacted structures in
Figure 6-13 shows that impacted structures are well-distributed throughout the flood
inundation area. The implication of this being that a significant reduction in flood inundation
area is likely required to reduce flood impacts to a small number of structures. This situation
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creates a challenging constraint to overcome in the development of feasible flood mitigation
options.

6.4.2 Fraserburg
The Fraserburg reach is located between downstream from Fairy Falls and Purbrook Bridge.
The reach features a highly meandering channel section near the Fraserburg Road bridge.
Aerial footage from the 2019 design flood event shows that the channel capacity was
exceeded in this reach resulting in overtopping of the bridge (Figure 6-6).

AMSL T3 TGT (MGRS)ATT PK 45581 92531 EL 938t DIST:0.5km : OPP 14:34.54 Sun Apr -

HAZE 319M° 83 NM/h

OFF

'8.4NM (06:18)

Figure 6-6: Aerial footage of the Fraserburg Road Bridge overtopping during 2019
design flood event (flow from right). (Source: Muskoka Flood 2019 video footage)

The flood inundation area for the Baseline Case (2.01 km?) is comparatively moderate
amongst the priority areas. Zoning classifications within the flood inundation area are closely
divided between residential (50%) and combination of environmental protection (33%) and
open space (11%) (Table 6-3). Within the inundation area there are 49 structures, most of
which are located between Fraserburg Road bridge and May Chutes (Figure 6-14). While no
data were available to categorize these structures, a cursory review of zoning classifications
suggests that most of these structures are likely either residential or sheds/outbuildings.
Further ground-truthing would be required to verify this assessment.

The impacted structure density of the Fraserburg reach (24.4/km? of flood inundation area) is
comparable to the Baysville reach (23.5 km?). However, a more detailed assessment of
conditions in Figure 6-14 indicates that impacted structures are closer together in the
Fraserburg reach as compared to the Baysville reach. This means that at a sub-reach scale,
impacted structure density is higher in the Fraserburg Reach. The presence of several
hydraulic controls within the Fraserburg reach (e.g., May Chutes) present opportunities to
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implement mitigations that target specific clusters of impacted structures. Similar sub-reach
flood mitigation approaches are not as easily identified for the Baysville to Fairy Falls reach.

Purbrook

The Purbrook reach is located between Purbrook Bridge and Matthias GS head pond. The
flood inundation area for the Baseline Case (4.36 km?) is largest amongst all priority area
reaches. Unlike other reaches, the majority of zoning within the flood inundation area is
Environmental Protection (79%; Table 6-3). This is due to the presence of several large
wetlands that are flood impacted under design flood conditions (Figure 6-15).

Within the flood inundation area, there are 145 structures, almost all of which are residences
or associated outbuildings and sheds (see Table 6-2). Despite the large number of impacted
structures, this reach features a low impacted structure density (33.3/km? of flood inundation
area). Despite a low impacted structure density, there is high sub-reach impacted structure
density in the Island Way region around river station 6000 m (Figure 6-15). Similar to the
Fraserburg reach, the presence of hydraulic controls within the reach (i.e., Rocky Rapids)
may present opportunities for sub-reach mitigation.

Muskoka/Bala

The Muskoka/Bala priority area is distinct from all other priority areas, due to the large size of
the area. This priority area includes a network of lake and river reaches (Lake Muskoka, Bala
Bay, and Bala Reach), which are separated by several hydraulic controls (Figure 6-7).

Lake
Muskoka
4

Bala

Wallis Cut
Jannacks Narrows
Coultier Narrows

Legend

Ragged Rapid GS
Hydraulic Control Moon 99 & P

Chutes Moon Dam
Water Surface Profile

Figure 6-7: Schematic of the Muskoka/Bala priority area sub-reaches (Lake Muskoka,
Bala Bay, and Bala Reach (upstream from Moon Chutes and downstream from Moon
Chutes)

The following sections describe the reaches shown in Figure 6-7 that comprise the
Muskoka/Bala priority area.

Lake Muskoka
Lake Muskoka is the largest lake in the Muskoka River watershed with a cumulative drainage
area of 4683 km? (outlet at Bala Dams). Water levels in Lake Muskoka are a function of
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inflows from three sub-watersheds (North Branch, South Branch, and Lower Muskoka), as
well as regulation at Bala Dams. Lake Muskoka water levels are also influenced by three
constrictions at Bala Park Island, through which outflow is conveyed from Lake Muskoka to
Bala Bay. Historical flow and water level observations indicate that the culmination of
hydraulic losses across these three constrictions (Wallis Cut, Jannacks Narrows, and Coultier
Narrows) can result in backwater leading to high Lake Muskoka water levels during flood
events. For instance, during the 2019 design flood, a 0.45 m water level differential was
observed in late-April between Lake Muskoka and Bala Bay (Figure 6-8).

227 0.5
————— Lake Muskoka at Beaumaris (02EB018) L 0.45
226.5 — — — Bala Bay at Bala (02EB015)
Head Differential (m) 0.4 T
296 - 0.35 E
£ 0.3 =
W 2255 A el AN 025 &
0 -~ L PN £
; u:":-_‘/"\.’ - - 02 A
2245 A -~_7 - 0.1
- 0.05
224 T 0

Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19

Date

Figure 6-8: Observed hydrometric conditions during the 2018-2019 season at Lake

Muskoka and Bala Bay

Hydraulic simulations of the 2019 design flood using the Muskoka/Bala model (see Table 5-1)
indicate that less than 10% of total Lake Muskoka outflow (Qr) is conveyed through Wallis
Cut. The remainder of the flow is almost evenly conveyed through Jannacks Narrows and
Coultier Narrows (Figure 6-9). A summary of flow conditions, along with photos of the Bala
Park Island constrictions and their associated train bridge crossings, is shown in Figure 6-9.
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Lake

‘Nams Cut Muskoka

‘Jamnacks Narrows,

JCoultier:Narrows

Figure 6-9: (a) 2019 design flood event flow distribution simulated at Bala Park Island
constrictions; site photos of constrictions and bridge crossings at (b) Wallis Cut,
(c) Jannacks Narrows, and (d) Coultier Narrows

It is notable that during the 2019 design flood, the flow capacity of the North Bala Dam and
the South Dam exceeded the inflow capacity of the three constrictions combined, meaning
that hydraulic control shifted to Bala Park Island.

The flood inundation area for the Baseline Case is approximately 122.5 km?, however, this
includes the surface area of Lake Muskoka (excluding Bala Bay). Of the 3339 impacted
structures in the 122.5 km? flood inundation area, over two-thirds of these structures are boat
houses, while most of the remaining are residences or associated outbuildings and sheds
(see Table 6-2). The low impacted structure density (27.3/km? of flood inundation area) is
diluted by the inclusion of Lake Muskoka water area within the flood inundation area.

The DOM (OMNR, 1997 with 2007 updates) indicates that the cumulative surface area of
Lake Muskoka (including Bala Bay) is 120 km?. Using geospatial data from the National
Hydrographic Network (2019) the surface area of Lake Muskoka (without Bala Bay) was
estimated to be approximately 116 km?, meaning the flood inundation area (land-only) is
approximately 6.5 km?. Of the flooded inundated land area surrounding Lake Muskoka,
residential zoning comprises the majority (63%), with the next largest portion designated as
environmental protection area (16%; Table 6-3).

Exclusion of the Lake Muskoka water body from calculation of impacted structure density
properly reflects the extent of flooding along the Lake Muskoka shoreline under the design
flood. By applying the land-only flood inundation area (6.5 km?), this reach has an impacted
structure density of 514/km? of flood inundation area. Even when boathouses are excluded
(as some flood impacts to these structures may be expected), the impacted structure density
is 158/km? of flood inundation area, which is comparable to the highest impacted area at
Springdale (Table 6-1).
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Bala Bay

Bala Bay is a section of Lake Muskoka downstream from the Bala Park Island constrictions
(Figure 6-9). Water levels in Bala Bay are primarily a function of flows from Lake Muskoka
upstream from Bala Park Island, as well as regulation at Bala Dams. The flood inundation
area for the Baseline Case is approximately 4.79 km?, however this includes surface area of
the Bala Bay (approximately 4 km?). Zoning classes of flood impacted lands surrounding Bala
Bay are similar to those of the Lake Muskoka.

Of the 246 impacted structures along the shoreline of Bala Bay, approximately 70% are boat
houses (see Table 6-2). Impacted structure density calculated by applying flood inundation
land area only (0.79 km?) yields an impact density of 311.3/km? of flood inundation area,
although that number is reduced to 88.6/km? of flood inundation area if boat houses are
excluded. A comparison of impacted structure densities suggests that flood impacts along
Lake Muskoka are more severe than they are along Bala Bay, which is largely a reflection of
backwater effect resulting from the Bala Park Island constrictions.

Bala Reach

For the purposes of this study, Bala Reach is defined as the river section spanning from the
tailrace of Bala Dams to both Ragged Rapids GS and Moon Dam. This reach features
numerous back bays with highly developed shorelines. The flood inundation of Bala Reach
upstream from Moon Chutes is 4.79 km?, where almost all land-affected areas (84%) are
residential. Of the 237 impacted structures in the area, over 90% are residences or
associated outbuildings and sheds (Table 6-2). The proportion of impacted structures that are
boathouses is comparatively less for Bala Reach relative to either Lake Muskoka or Bala Bay.

Upstream from Moon Dam and Ragged Rapids GS is the Moon Chutes rapids, which
functions as a choke point within the Bala Reach. The reach from Moon Chutes to the Moon
Dam/ Ragged Rapids GS includes several locations of bifurcating or converging flow, which
contributes to the hydraulic complexity of this area. As reported in the DOM (OMNR, 1997
with 2007 updates), a 2.06 m drop in water level across the chutes was measured in April
1980 during a flow event of 355 m%s. The DOM (OMNR, 1997 with 2007 updates) also
reports that during high flows (>85 md/s), flow control shifts from Moon Dam and Ragged
Rapids GS to Moon Chutes, meaning that this natural hydraulic constriction is a primary
cause of high-water levels observed in Bala Reach upstream from Moon Chutes.

Summary of Flood Impacts

A summary of Baseline Case flood impacts are provided in Table 6-1, Table 6-2, and
Table 6-3. These tables are cited throughout Section 9 where mitigation options are
summarized. Following these tables are plan and profile views of Baseline Case flood
conditions within each priority area (Figure 6-10 through Figure 6-16).
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Table 6-1: Baseline Case Flood Inundation Area, Number of Impacted Structures, and Impacted
Structure Density

Flood # of Local # Impacted

Inundation Impacted Structures per km?
Structures of Inundation Area

Priority Area Reach - -

Big East River Big East River 9.64 620 64.3

Huntsville Narrows Huntsville 1.19 77 64.7

Springdale Springdale 0.57 109 191.2

Baysville/Fraserburg/Purbrook Baysville 0.51 12 235

Baysville/Fraserburg/Purbrook Fraserburg 2.01 49 24.4

Baysville/Fraserburg/Purbrook Purbrook 4.36 145 33.3
Muskoka/Bala Lake Muskoka 122.48 3339 See Section 6.5
Muskoka/Bala Bala Bay 4.79 246 See Section 6.5

Bala Reach (Bala Dam to
Muskoka/Bala Moon Chutes) 3.53 237 67.1
Muskoka/Bala 1 [REEE (DOTME e TBA TBA TBA

from Moon Chutes)

Notes:

Ynundation area includes both the area of the water body (i.e., river channel or lake), as well as adjacent floodplain
areas surrounding the water body.

TBA — this information will be provided as part of the Flood Modifications Review Report
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Table 6-2: Baseline Case Number of Impacted Structures (Including Classification)

1Definitions: B = boathouse; C = commercial; \N\SP = industrial/institutional/special purpose; O = outbuilding;

R =residential; S = shed; N/D = no data
2Structure classifications are based on data provided by DMM and are considered preliminary.
TBA — this information will be provided as part of the Flood Modifications Review report
3No structure classifications were available for the Fraserburg reach.

Priority Area Reach Structures C I\\SP S N/D
Big East River Big East River 620 8 344 7 35 136 88 2
Huntsville Narrows Huntsville 27 17 7 3 14 8 -
Springdale Springdale 109 1 2 0 22 66 18 -
Baysvilelfraserburg/ gaysvie 12 0 1 0 17 3 -
Baysville/Fraserburg/ | ppocorrg? 49 0 0 0 o 0o 0 49
Purbrook
Baysville/Fraserburg/ Purbrook 145 8 0 33 47 57 -
Purbrook
Muskoka/Bala Lake Muskoka 3339 2307 84 2 152 564 228 2
Muskoka/Bala Bala Bay 246 176 6 2 9 43 10 -
Bala Reach
Muskoka/Bala (Bala Dam to 237 19 1 0 22 156 26 13
Moon Chutes)
Bala Reach
(Downstream
Muskoka/Bala e T TBA TBA TBA TBA TBA TBA TBA TBA
Chutes)
Notes:
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Table 6-3: Baseline Case Flood Inundation Area (Including Zoning Classification)

Zoning Classification?
expressed as % of Inundation Area

g ° T
< © 0 & Q T 2
Flood S fzj IS 5 S| E é (% = g g
Inundation = S I 3 3| 83 c s o T
S = S = 17 S s () 7 = o
S < = 7z o} g 9 o o} 8 c
Priority Area Reach O L = = e O . — =
Big East River Big East River 9.64 1% <1% <1% <1% 96% - 1% <1% 1% - -
Huntsville Narrows Huntsville 1.19 22% - 13% 10% 3% - 17% 35% - <1% -
Springdale Springdale 0.57 - - - - - 9% 6% 74%  11% - <1%
Baysville/Fraserburg/Purbrook Baysville 0.51 1% - - <1% - 8% 3% 88% - - -
Baysville/Fraserburg/Purbrook Fraserburg 2.01 - - <1% 1% - 33% 11% 50% 5% - -
Baysville/Fraserburg/Purbrook Purbrook 4.36 - - <1% - - 78% <1% 12% 10% - -
Muskoka/Bala Lake Muskoka 122.48 4% - <1% 1% - 16% 8% 63% 9% <1% -
Muskoka/Bala Bala Bay 4.79 5% - 1% <1% - - 6% 87% - - -
Bala Reach (Bala
Muskoka/Bala Dam to Moon 3.53 3% - - - - 3% 8% 84% 2% <1% -
Chutes)
Bala Reach
Muskoka/Bala ([f)r%"r‘;]”lf‘/fgeoim TBA TBA TBA TBA TBA TBA TBA TBA TBA TBA TBA TBA
Chutes)

Notes:

1Percentages may not add to exactly 100% due to rounding.

2Percentages exclude water bodies, which do not have a zoning classification.

3Includes floodway and flood fringe areas.

4Includes waterfront landings.

TBA — this information will be provided as part of the Flood Modifications Review report
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