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Principles and Objectives for
the Shoreline Management Plan (SMP)

® Principles
» Sustainable coastal development (balance between environment, society, economy)
» Integrated coastal zone management (systems approach — everything is connected)

e Objectives
= Protect new development from coastal hazards
» Increase the resilience of coastal communities
» |[ntegrate climate change impacts when estimating future coastal hazards
= Maintain sediment supply to local beaches and barrier beach ecosystems
» Incorporate nature-based options to reduce coastal hazards
= Maintain existing public open spaces




@j Major Components of the SMP
¢ Field Work in the Fall of 2018
e Technical Analysis in the Fall 2018 and Winter 2019
e Emergency field visits in May 2019
¢ Hazard Mapping (Erosion, Flooding, Dynamic Beaches)

e Coastal Management recommendations
= Must consider regulations, policy, and legislation
= Focus on increasing resilience to high lake levels, flooding, and erosion

Public Feedback in the Fall 2019
Draft Shoreline Management Plan report (Winter 2020)




Il - SHORELINE OBSERVATIONS
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GRCA - High Risk Areas
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Coastal Structures Database

e Shoreline protection database was assembled for entire project shoreline

e Statistics summarize by project reach and Conservation Authority for:
= Armoured vs. natural shoreline

= Structure type

= Structure condition

= |evel of design

= Structure importance

% Armoured vs. Natural Shoreline
CLOCA

Natural Shoreline (%) = Armoured Shoreline (%)

% Armoured vs. Natural Shoreline
GRCA

Natural Shoreline (%) = Armoured Shoreline (%)

% Armoured vs. Natural Shoreline
LTCA

Natural Shoreline (%) = Armoured Shoreline (%)
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@ Coastal Structures Database — Stats by Structure Type

Rubblemound Revetment Single Layer Armourstone Revetment Concrete Block Seawall
(Structure Condition) (Structure Condition) (Structure Condition)

5% 2% 096 0% 3% o%_ 3%

Failed = Poor m Moderate = Good » Excellent Failed m Poor m Moderate m Good » Excellent Failed m Poor m Moderate m Good » Excellent



lll - TECHNICAL ANALYSIS
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Lake Ontario Water Levels

Only Lake Ontario and Lake Superior are “regulated”

All five Great Lakes, Lake St. Clair, Ottawa River and St. Lawrence
River met or exceeded record levels in 2019

Net Supply to Lake Ontario (500,000 km? drainage basin):

= Lake Erie 85%, local supply 15% (precipitation, now melt, runoff,
rivers/streams)

= Record net supply Jan — Jun, 2019

Net Outflow:
= Combination of evaporation and outflow to St. Lawrence
» Record outflows Jun — Aug, 2019

Timing of inputs and outputs is critical

Water levels are highly variable and impossible to predict due to
variability in net supply

Focus must be on improving community resilience to water level
fluctuations and future extremes




Water Levels — 100-year Flood Level

e 100-year Flood Level defined as:

» “Maximum instantaneous still water level with a probability of occurrence of 1% in
any given year”

e Combination of and storm surge
» Independent variables
» Requires a joint probability analysis




Lake Ontario Static Lake Level

1900 2019
Measured WL
2016
1963

No Regulation

e Statistical analysis of modelled WL datasets (courtesy of ECCC):

» Modelled Pre-Regulation Plan (1900 — 2008)

= Modelled Plan2014 (1900 — 2008)
e Each dataset has the same historical inflows, different outflows based on regulation plan
e Measured data from 2009 to 2017 added to each modelled dataset

e Monthly Extreme Value Analysis (EVA) completed for each dataset
()




¥/’ Influence of WL Regulation on 100-yr Static Lake Level

INFLUENCE OF REGULATION PLAN ON PREDICTED 100-YEAR STATIC LAKE LEVEL
(DATA FROM 1900 - 2019)

+76.21 m IGLDS85’ @ B PLAN58DD (1900 - 2019)
’_‘ m PLAN2014 (1900 - 2019)

@ NO REGULATION PLAN (1900 - 2019)

+75.84 m IGLD85’ | |
(PLAN2014)

 — —

+75.77 m IGLD85’
(PLAN58DD)

+75.59 m IGLD85’
(MNR, 1989)

m (IGLD85')




Lake Ontario Storm Surge

100-Year Predicted Storm Surge (1962 - 2018)

M Toronto (Station 13590) -
@ Cobourg (Station 13590)
[ st

@ Kingston (Station 13988) K
0.61 m (Kingston)

m)

0.28 m (Toronto)

=
0.35 m (Cobourg)

Storm Surge (




100-year Combined Flood Level

e Combination of and storm surge

¢ Joint probability assessment of static WL + storm surge (Toronto, Cobourg, Kingston)

Flood Level (m IGLD85')

76.1

76.0

75.9

75.8

75.7

75.6

75.5

75.4

75.3

75.

75.

75.0

100-year Flood Level - Cobourg

+76.01 m IGLD8%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



@7 Water Levels — 100-year Combined Flood Level

Gauge Location MNR (1989) Updated (2019)

Toronto +0.27
Cobourg +0.21
Kingston +0.09

*Datum is IGLD8%’

¢ |nterpolating to Conservation Authority boundaries gives:
= CLOCA = +76.01 m IGLD85’
= GRCA = +76.01 m IGLD85’
» LTRA=+76.03 m IGLD8%5’
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WAVE MODELLING & SEDIMENT
TRANSPORT




@ Wave Modelling — Delft3D

e Offshore wave statistics were analysed from WIS hindcast data (USACE)
® 6 nearshore wave models setup using Delft3D Wave
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Wave Modelling — Delft3D

CLOCA West - Delft3D Wave Model Grid



e What is “Longshore Sediment , Ny

Transport™? il M S
H g B\ » ; \. (longshore drift)
= Sediment transported laterally LA ,_,,A“ R
along the coastline due to wave D : ? .
E D, ongshore
action or currents Woves v N
the beach .
= “Potential” longshore sediment

transport is the volume of
sediment that would be moved if
sufficient sediment is available

- longshore sediment
transport may be considerably
less due to lack of sediment

supply
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SHORELINE REACHES FOR STUDY AREA




Shoreline Reaches

e Shoreline reaches delineated
primarily based on littoral sub-cells:
= Littoral sub-cell boundaries are
defined by natural features or man-
made structures that act as partial

of sediment

= Divides the shoreline into partially
self-contained systems of
erosion/deposition

Partial Barrier
e 13 distinct shoreline reaches

identified (down from 66 in 1990
SMP)
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Reach 4

Partial Barrier

Potential Annual Longshore Transport - CERC Formul

Transect 12
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Reach 5
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No. Erosion Transects 420
Max Length (m) 24.2

Avg Length (m) 11.0
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REACH 5

1954 to 2018 Transect Summary (Top of Bluff + Waterline)

Lake Ontario SMP

S.D. (Standard Deviation) 0.07
AARR + 15.D. {m/fyr) 0.24

WATERLINE TRANSECTS (1954 to 2018)

Total No. Transects 36
Annualized SCR (m/yr) 0.13
Net Trend Erosion
No. Erosion Tr‘;n.ﬁs;.f.ts 36 .
Annualized SCR (m/yr) 0.13

No. Accretion Transects
Annualized SCR (m/yr)
S5CR =Shoreline Change Rate




Reach 6
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TOP OF BLUFF TRANSECTS (1954 to 2018)

No. Erosion Transects 894
Max Length (m) 68

Avg Length (m) 13

AARR (m/yr) 0.20

S.D. (Standard Deviation) 0.15
AARR + 1 5.D. (m/yr) 0.35

WATERLINE TRANSECTS (1954 to 2018)

Total No. Transects 433

Annualized SCR (m/yr) 0.01
Net Trend Erosion

No. Erosion Transects 208

Annualized SCR (m/yr) 0.18

No. Accretion Transects 225

Annualized SCR (m/yr) -0.15

S5CR =Shoreline Change Rate




Reach 7
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| WATERLINE TRANSECTS (1954 to 2018}

Total No. Transects 628

Annualized SCR (m/yr) 0.57
Net Trend Erosion

No. Erosion Transects 574

Annualized SCR (m/yr) 0.64

No. Accretion Transects 54
Annualized SCR (m/yr) -0.26

SCR =Shoreline Change Rote

@
Zuzek Inc.

WORLD

www.zuzekine.com

REACH 7

1954 to 2018 Transect Summary (Waterline Only)

Lake Ontario SMP

“
0




4 Baltimore
Creek

Tank Hll* ot Golborne
Colbarne »

‘The Gy Wicklow ¥ =3

401 A _Victoria

pm— ach
“ craen” LTCA ot coVetoneBascr,

: GR CA J— ~Conservation O
R o™ ‘Area

= - p ,\
o Lmucfb Vi ‘Coverdale
|#

Ogden'Point

McGlennon 3

Point H

Chub Paint
it A
Ngﬂ_v Lucas Point
Cobou
Brook

.
[
.
.
.
.
.
[
.
.
.
0

©

Reach 8

TOP OF BLUFF TRANSECTS (1953/54 to 2018)
No. Erosion Transects

404
Max Length (m) 353
Avg Length (m) 16.0
AARR (m/yr) 0.25
S.D. (Standard Deviation) 0.11
AARR +15.D, (m/yr) 0.36
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e Erosion No. Accretion Transects 206
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(4 REACH 8 ek o o s
Tl . - . . tedd shwre profeciiog 174 -4
i > 1953/54 to 2018 Transect Summary (Top of Bluff + Waterline) | .- ikl r
Zuzek 1nc, .
 ONEWORLD—— 0 3. 3
s O RAFTT | S T e |
www. suzekine.com l.l.l'k(’ ()Mfﬂﬂﬂ .SUP & 2 By F 5 km




Change in 2000 to 2013 Winter Wave Energy
versus RCP8.5 Late Century Wave Energy

Percent Increase in Winter Wave Eneregy
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IV - HAZARD MAPPING FOR EROSION,
FLOODING & DYNAMIC BEACHES




Shoreline Hazards — Lake Ontario

e Shoreline hazards are defined in the Conservation Authorities Act & MNRF
Technical Guide (2001)

e Regulation of hazards became law for CAs in 2006
e Specific Regulations:
= CLOCA - Ontario Reg. 42/06
= GRCA - Ontario Reg. 168/06
= | TCA — Ontario Reg. 163/06
e Governing hazard setback is furthest landward extend of:
= Erosion Hazard

= Dynamic Beach Hazard
e Regulated setback may include additional allowances




Shoreline Hazards — Lake Ontario

e Erosion Hazard is defined as;:

» “The predicted long term stable slope projected from the existing stable toe of the
slope or from the predicted location of the toe of the slope as that location may have
shifted as a result of shoreline erosion over a 100-year period”

- Regulated Shoreline Area
Authoritg\_l g

€ Shoreline erosion hazard

off-shore
boundary

100-year
flood level

Lake 100-year toe Stable slope allowance Alowance
grosion allowance upto

15m

FIGURE 2: LAKE EROSION
Figure taken from LTCA Policy Manual — Ontario Reg. 163/06




Shoreline Hazards — Lake Ontario

¢ Flooding Hazard is defined as:

= “The 100-year flood level plus an appropriate allowance for wave uprush (and other
water-related hazards)”

~<— Regulated Shoreline Area ———

Authority’s off-shore bOundary/L [
[

-~ Shoreline flooding hazard ————————————J3=y
|

-
Allowance for Allowance
wave uprush upto 15 m
(and other
water-relaled
hazard)

FIGURE 1: LAKE FLOODING
Figure taken from LTCA Policy Manual — Ontario Reg. 163/06




Shoreline Hazards — Lake Ontario

e Dynamic Beach Hazard is defined as:

» “Where a dynamic beach is associated with the waterfront lands, the appropriate
allowance inland to accommodate dynamic beach movement”

<6—— Regulated Shoreline Area ————>

Authority's off-shore boundaqq-l

~——————— Dynamic beach hazard
‘|t_|,'|..yt_;+;:r
(‘f:.'l-',-ﬂ level

Dynamic
beach
[and othér allowance
water-relatedy 15m or 30m
hazard)

FIGURE 4: DYNAMIC BEACH
Figure taken from LTCA Policy Manual — Ontario Reg. 163/06




{Z,] Shoreline Hazards — Lake Ontario
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Example

of Hazard
Limits

LEGEND:

Hazard Mapping:
Toe of Bluff

7% Erosion Hazard Limit
Flood Hazard Limit
Dynamic Beach Setback




V — MANAGEMENT RECOMMENDATIONS




' (https:/lwww2.gov.bc.ca/assets/gov/environment/climate-change/adaptation/resources/slr-primer.pdf)

@ Adaptation Strategies for Coastal Hazard

e Avoid: reduce exposure by ensuring new development doesn’t occur on
hazardous land

e Accommodate: allows for continued occupation while changes to human
activities or infrastructure are made to deal with hazards

e Protect: protect people, property, and infrastructure. Traditional approach and
often the first considered

e Retreat. a strategic decision to withdraw or relocate public and private assets
exposed to coastal hazards
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(7Z</ AVOID: Naturalized Shorelines, Public Open
< Space, and Erosion Buffers

Park

Lakeside Neighbourhood
Lakefront Park
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ACCOMMO
-DATE

Raise
Building
Foundation

(Lake St.
Clair)
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PROTECT:

Sand
Pumped
onto
Beach




vs. Darlington Provincial Park




GZD Linkages Between Shoreline Erosion and

< Sediment Supply for Beaches
e The bluffs consists of erodible glacial sediment
e Bluff erosion is natural process 7w 1&;’
e Shoreline armouring decreases sediment supply to local & SR

beaches

Future Approaches to Maintain Sediment Supply
¢ Maintain eroding shorelines

¢ Implement a large scale artificial beach nourishment
program (truck sand to the shoreline)

¢ Placed dredged material on beaches
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Q}; PROTECT: Traditional Engineered Protection

= (there will always be a need for well engineered structures)
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G

@ RETREAT — PROPERTY BUY-OUT EXAMPLES

e High up-front costs but effective at reducing risk when vulnerability is high

e 2013 Alberta Flood impacted the Community of High River
= High River Council voted for the relocation of the Wallaceville Community
» Land and buildings purchased by the province at pre-flood assessment value
» Lands returned to a natural state

e 2019 Montreal Area Floods
= Provincial government offered up to $100k (cumulative) for flood damage restoration
= Or a $200k buyout
= |f damage was greater than 50%, not able to re-build
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VI — GUIDANCE FOR SHORELINE
PROTECTION STRUCTURES




@ Shore Protection Guidance

What does “properly engineered” mean?
Analysis of site specific design conditions
= Waves
= \Water Levels
Currents
= |ce
Slope stability
» Drainage
» Substrate
Alternatives assessment
Coastal processes study to assess downdrift impacts
e Environmental impacts assessment
Detailed design work including sizing of all structural elements

e Construction drawings and specifications
54




@ Shore Protection —

* Pre-cast concrete block seawalls JTIEET S T P -3
. .""‘“l- - M . N ‘,,.-ﬂ
e Cast-in-place concrete seawalls (Wssmgl™ oS i iy , e _
e Sheet-pile seawalls .
-

e Groyne-type structures

¢ Ad-Hoc Shore Protection:
= Concrete rubble
» Gabion baskets
= Railway ties
= Timber
= Tires
= Steel drums
= Poured concrete

A UL LY 2 L a
o) ,h e \
s " y
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@ Shore Protection —

e Stacked/Stepped Armour Stone Revetment
= Good for low shorelines with limited space
= Very large, blocky, quarried stone (natural)

e Rubble Mound Revetment
» Good for all types of shorelines
* Field stone OR quarried stone (natural)

e Single-Layer Armour Stone Revetment
= Good for all types of shorelines
= Large, flat quarried stone (natural)
= Special stone placement in single layer

e ALL MUST BE PROPERLY ENGINEERED
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VIl - QUESTIONS
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