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Agenda
Project Overview and Status
Update

Preliminary Analyses and Results
* Field Work
* 100-Year Flood Line
* Wave Modelling
* Erosion Assessment

Next Steps

Questions and Discussion

upP




Project Overview and

Status Update




Project Objectives

* Assess hazards from
flooding and erosion

* |dentify vulnerable
shoreline, communities, ;.
and infrastructure

* Develop a community-
informed Coastal
Resilience Management
Plan to improve long-
term climate resilience

GGGGG



Field Data Collection
* Lake Bathymetry

* Site Reconnaissance
* Drone photos

Project Scope

Numerical Modelling Technical Analyses
* Lake Levels * Erosion Hazards
*  Wave Run-up * Beach Hazards

Continuous Stakeholder Hazard Mapping & Vulnerability Assessment
Engagement and Input * |dentify areas at risk

Coastal Resilience Management Plan
* Reduce exposure to hazards
* Build climate resilience

GGGGG



Project Status / Schedule

-~
Draft Final Draft Final
Haozard Hazard Resilience Resilience
Report  Report Plan Plan
s [©] © Zef B
I July 2025 1 Nov. 2026 May 2027 Sept. 2027
Apl’il Information Jan. Hazards and Jan. Adaptations Present Draft Jan.
Gathering Vulnerability Solutions Resilience Plan
2025 2026 2027 2028
LEGEND
: Public Open Technical Analysis and Vulnerability g : Ej_:ﬂ Virtual Public
=i Field Work 0 House g Hazard Mapping s Assessment Reporting 2 Meeting
\
KGS ‘ Lakehead Coastal Resilience Management Plan 6
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Field Work




Site Reconnaissance

KGS ‘ Lakehead Coastal Resilience Management Plan
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Lake Bathymetry

KGS

GROUP

Lakehead Coastal Resilience Management Plan

LAKE SUPERIOR

TOWNSHIP
OF DORION

MUNICIPALITY
OF SHUNIAH

BLACK BAY

101 2

Kilometres

Bathymetry Point
Municipal Boundary

10




Static 100-Year Water Level




100-Year Flood Level Required for the Flood Hazard

* Statistical Analysis of static lake levels and storm surge
* 100-year flood level at Thunder Bay Gauge is 184.32 m IGLD'85

FLOODING HAZARD LIMIT

Flood Allowance fi Eff

or Wave Effects
and other Water Related Hazards

12



Storm Surge Modelling to Establish Gradients Between

Water Level Gauges

* Gauge
locations on

) _Quetico Provincial

map 1 ﬁ{"._ Park

* Simulate top
storm surge
events at each
gauge

Event 4 - Thunder Bay Water Level Gauge Storm

Event 4 Thunder Bay
Storm Peak: 1986-Nov-08

Measured Peak WL (m, IGLD'85): 184.03
Measured Surge Magnitude (m): 0.29
Measured Static WL (m, IGLD'85): 183.74

GGGGG
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Event 1 - Michipicoten Water Level Gauge Storm

") _Quetico Provincial
U™ Park

Marathon
05

Event 3 - Gros Cap Water Level Gauge Storm

5 | Quetico Provincial

Marathon
oY Park P

Event 4 - Thunder Bay Water Level Gauge Storm

N 3

") Quetico Provincial
Wy Park

Marathon
3

Measured Surge Magnitude (m): 0.56
Measured Static WL (m, IGLD'85): 183.60

Event 1 Michipicoten Event3 Gros Cap 4 Event 4 Thunder Bay
Storm Peak: 1977-Nov-21 OSauIl Storm Peak: 1970-Dec-05 oy b Sault § [ siorm Peak: 1986-Nov-08
Measured Peak WL (m, IGLD'S5): 184.20 ~5 Measured Peak WL (m, IGLD'85): 184.18 ] Measured Peak WL (m, IGLD'85): 184.03
Measured Surge Magnitude (m): 0.58 ! Measured Surge Magnitude (m): 0.58 ¢ Measured Surge Magnitude (m): 0.29
Measured Static WL (m, IGLD'85): 183.62 | Measured Static WL (m, IGLD'85): 183.60 % i Measured Static WL (m, IGLD'85): 183.74
Event 5 - Michipicoten Water Level Gauge Storm | Event 7 - Gros Cap Water Level Gauge Storm Event 8 - Thunder Bay Water Level Gauge Storm
<. : o : o - o
! Quetico Provincial Marathon ’_Quetico Provincial Marathon ?_Quetico Provincial
M Park P WY Park o W Park
T T g -
Bam’
Y -

Event 5 Michipicoten ¥ Sault { | Event7 sros can /D / \sault { | Event® Thunder Bay
Storm Peak: 1964-Sept-27 ¥ o Storm Peak: 1971-0ct:28 O al Storm Peak: 2016-Dec-26
Measured Peak WL (m, IGLD'85): 184.16 e (1 Measured Peak WL (m, IGLD'85): 184.18 e =) Measured Peak WL (m, IGLD'85): 183.78

Measured Surge Magnitude (m}: 0.57 l
Measured Static WL (m. IGLD'85): 183.61

Measured Surge Magnitude (m): 0.29 - 4
Measured Static WL (m. IGLD'85): 183.49

Event 9 - Michipicoten Water Level Gauge Storm \

") Quetico Provincial
=

o Park

Event 9 Michipicoten
Storm Peak: 2005-Nov-13

Measured Peak WL (m, IGLD'85): 183.82
Measured Surge Magnitude (m): 0.55
Measured Static WL (m, IGLD'85): 183.27

Marathon
o

Event 10 - Rossport Water Level Gauge Storm \

’: _Quetico Provincial
o Park

Event 10 Rossport
Storm Peak: 2001-Dec-05

Measured Peak WL (m, IGLD'85): 183.53
Measured Surge Magnitude (m}: 0.25 @p |

Measured Static WL (m, IGLD'85): 183.28 4

Event 11 - Gros Cap Water Level Gauge Storm

VW\ _Quetico Provincial

Marathon
o Park R

Event 11 Gros Cap
Storm Peak: 2021-Nov-21

Measured Peak WL (m, IGLD'85): 183.91
Measured Surge Magnitude (m): 0.56 §

Measured Static WL (m, IGLD'85): 183.35 i

Maximum Surge Throughout

Model Domain for Storm
Lake Superior

Max Surge (m, I -0.09 - 0.00 0.31-0.40
above CD IGLD'85) 0.01-0.10 0.41-0.50
Hl-o11--010 [EH0.11-020 0.51-0.60

[ 021-030 0.61-0.70

0.71-0.80 B111-120 Water Level Map 1 of 2
[77081-0.90 Ml 121-1.30 Gauge @9

0.91-1.00 0 50 100 WSk,
= Lo 11 Jkm X

Bio1-1.10

Background: Esri World Topographic Map
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Wave Modelling




Estimate Wave Runup and Map Flood Hazards

To determine the wave-driven flood hazard area along the LRCA region

Extreme Metocean Conditions Wave Uprush Methodology Wave-Driven Flooding Hazard

100-Year Lake Level + Climate Change Select Wave Uprush Approach Mapping

based on shoreline analysis Translate the wave uprush results

25-year Wave Conditions .
into 2D maps

i Advanced 3D Numerical Modelling
Standard 1D-Transect

FLOO DI N G HAZARD LI M IT 1D-Transect with Detailed Interpretation

Flood Allowance for Wave Effects
and other Water Related Hazards

100-year
Flood Level

KGS ‘ Lakehead Coastal Resilience Management Plan

GROUP
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Extreme Metocean Conditions

To determine the extreme wave conditions along the entire LRCA nearshore region

The simulated multi-directional wave conditions were the 25-year return period wind-wave conditions

The results provide the wave height, period and direction along the nearshore LRCA region to drive the wave runup
calculations

Wave Height
(Hs)

KGS Lakehead Coastal Resilience Management Plan

GROUP
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Wave Uprush Modelling

Port of Thunder Bay — Advanced 3D Wave Modelling

KGS Lakehead Coastal Resilience Management Plan 19
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Wave Uprush Modelling

1D-Transects Wave Uprush Calculation: To obtain the runup level at each profile.

Transect 012
RP: 25, SLR: 2100

i el Gl bl Bl e e * The coastline is divided into reaches of
‘ ) similar characteristics.
=== W1« Schematic representative topographic
s // transects are defined for each reach.
: i « Wave runup at each profile is estimated
i - using CSHORE model.

CSHORE is a phase-
averaged cross-shore
numerical wave model
(USACE) used to estimate
< (covozo3) wave runup for irregular
waves.

Crest Level

CCFL

#-$uperior Shores RV Park

FL

FL: 100-year Flood Level ~ CCFL: Climate Change Flood Level R2%: Wave Uprush Elevation
* Wave-Driven Flooding Hazard Mapping Point
KGS ‘ Lakehead Coastal Resilience Management Plan 20
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Wave-Driven Flooding
Hazard Mapping

To determine a continuous wave-driven flooding line associated with the extreme water levels and wave condition

Flood mapping
considering
Wave runup on top

of Historical and
Climate Change
100-y water level

Detailed mapping interpretation for areas between the
defined 1D-Transects.

Coastal specific characteristics may vary from the
schematic transect (i.e. coastal defense structures,
shoreline orientation shifts, small islands, vegetation,
etc.)

100-Year static lake level
[183.38 m CGVD2013]
[ Wave Uprush Result
Current Climate
B Wave Uprush Result
Sea Level Rise

KGS ‘ Lakehead Coastal Resilience Management Plan
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Flood
Hazard
Map
Example

KGS \ Lak

GROUP

SHORELINE HAZARD MAP

County of Essex and Essex Region Conservation Authority

LEGEND:
Hazard Mapping:
= 100-ycar Flood Level (Historical)
Flood Hazard Limit (Historical)
I Flood Hazard Limit (Mid-Century RCP4.5)

INTERPRETATION OF THE HAZARD MAPS:

The harard maps were prepared to support the Flood Hazard
Mentification and Mapgung The hazard limits are not the.
‘official regulatory limits of the Comsonvation Authority. Please
contact the Comscrvation Authority for sdditionsl details oa the
regulatory limit and implications for sew development.

DEFINITIONS:

100-Your Flood Leve]

The 100-Year Flood Level coashders both static bike kovel aad stomm
surge, havieg a combined probability of bermg cquakod or cxeocded
during any year of 1% (i¢., peobability, P-0.01)

Flood Hazard Limst
The Flood Hazard Lisit is defined s the 100-Year Flood Level
plss am allowance for wave runap and uprush. Refer to the FHIMP
Repuet for akbational detaile.

Stable Stope Allowaney

The Sesble Slope Allow ance is defined as o borunontal scthack
oquivalent 1o 3 times the height of the hank or blufl. Local studics.
may A required by the Comsonation Authanty o venfy sie
pecific conditions.

Erosion Hazand Limit

The landward cxtent of the Erosion Hazard is the sum of the 100-
YO STowon rate plus the Stable Stope Allowanos, measuncd
horizoatally from the tos of the bunk, bluff, or shore protection.

Dynamic Beach Haxaed Linit

The Dynamic Beach Hazand Limit is defined as the sum of the
Flood Hazard plus 30 mtres meassred boruontally. The offshore
Timit accounts for the movemnent of sand in the shallow nearshore
zone. Local conditions may roquire & modified mapping

if the beach is croding or a harmier beach. Reffer to the FIHIMP
Repurt for sckdsticnal detaits.

[
Movinomal UTM I 7N NAD S0, msenres.
Nortal KALORS, mewes
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ERDIMS - GV % - -0 o i)

LIRS - CGVDONL) = 047 m rvernge)
Tt e D5 1 CUNTON N, st 047

Moo Thery e by b of s ahmg i o s £y Brgum Rcker o e
R

DATA SOURCES:
023 Ortheptumograpley prowided by ERCA Ui Comary of Lssens
i oy,

17 LA Dngaad Tormsm Mokl omided by ERCA s mlowmod % COVDIS™
St s

o e O

Rt s e O Gt bl L - € maale

Tt Mg © O Sirwr Map svmsrimers

Crmngraphucsl Names dics chesnad form Nonard Reopies {anals. Comtoies wioewaron |

N e

PREPARED BY:

Zuzek nc.

— ONE WORLD ——

This map was preparnd by Zuack bac. and SIL Engiseering lnc. snd s
The magpeng of harardous lends, sxiabey cromon.
byt .4

propean] Sevrbprnest oo <o mben b e ko
s Regson Commen st Avibaily b dimcows (AL fruircesetis

Map
298 of 413




Erosion Assessment




Methodology

1. Define Erosion Reaches
 Based on morphological
features

2. Calculate Historical Erosion Rate
e Using Historical Air Photos

3. Calculate 100 Year Recession Rate
e Based on historical erosion

4. Map Erosion Hazard Limit
* 100 Year Recession Rate
plus stable slope allowance

KGS Lakehead Coastal Resilience Management Plan

GGGGG

24



Erosion Reaches ; &

\ ‘ 3 ) RED ROCK
. . KGS HURKETT
* Rate of erosion varies |
(17 ) POE LAE OF DORION

spatially along Lake
Superior

g LAPPE MUNICIPALITY.
i OF SHUNIAH
7~

5

[] ° = g ¢
® ° TOWNSHIP ... _WILD'GOOSE
\ 102 ) —
L] OF CONMEE

CITY OF  THUNDER BAY
MUNICIPALITY ~ THUNDER BAY
OF OLIVER

TOWNSHIP OF o\ 100 0nGE
O 0!CONNOR =22

FORT WTLL‘!AM

{
FIRST NATION )
TOWNSHIP ATIO

o Wave Exposure

LAKE SUPERIOR -

MUNICIPALITY 5| 0 5 10
] OF NEEBING
o Shoreline
Reach 1
L]
d . Reach 2
Hardening B
~—— Reach 4
Municipal Boundary
Fort William First Nation

KGS Lakehead Coastal Resilience Management Plan 25
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Y2 L R - Georeference
B il " historical air photos

* Digitize the shoreline
at that time

* 1986
* This is an area within

the Municipality of
Shuniah

KGS Lakehead Coastal Resilience Management Plan 26
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7 i I Y @ i % \ ‘;;.4._ fa X : ‘ 3 A
e & " 5 &; s v : e ¥ : e 9
®| These engineered structures [Nl S =y
s ‘% are not included in the analysis [SEs

eeeee

Lakehead Coastal Resilience Management Plan

* The historical erosion
rate is the difference
between the historical
shoreline and current
shoreline

* For analysis, shoreline
protection and
engineered structures
are omitted

* This area has eroded
between 0.5 m and 6
= m in 36 years

Change in Edge of Water (1986 to
2022)

27



Histicl rosion Rate

* This is an area north of
the Thunder Bay ports

* |t has eroded between
0.1 m and 2.0 m which is
within the accuracy of
the analysis

* We can’t draw conclusive
rates but from the
density of vegetation, it
is relatively stable

——— 1986 Edge of Water
- 2022 Edge of Water

Change in Edge of Water (1986 to
2022)

KGS ‘ Lakehead Coastal Resilience Management Plan 28
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Erosion Hazard Limit

* The historical
recession rate is used
to estimate how much
erosion is expected to
occur in a 100-year
period

GGGGG

EROSION HAZARD LIMIT

100-year Recession
Rate

Stable Slope
Allowance

29




Example of Erosion Hazard Limit Mapping (Lake Ontario)

Bluff Erosion
Rate Setback

30



Next Steps




Dynamic Beach Assessment (presence/absence)

* Goal is to protect the dynamic nature of sand beaches

* A beach must have a fetch of at least 5 km, beach length of at
least 100 m, width at low water of 10 m, and depth of sand at

least 0.3 m
* Uses flood allowance
* Plus, dynamic beach allowance

* 30 m width evaluated

GGGGG

DYNAMIC BEACH HAZARD LIMIT

Flooding 30m
Allowance* Dynamic Beach Allowance




Dynamic
Beach
Hazard
Map
Example

KGS

GROUP

LAKE ONTARIO SHORELINE

MANAGEMENT PLAN HAZARD MAPS

Central Lake Ontario Conservation Authority (CLOCA)

LEGEND:
100 Year Flood Level
/v Erosion Hazard Limit
Flood Hazard Limit
Dynamic Beach Hazard Limit

Base Mapping;
Geographical Names
© Dynamic Beach (Start Pt)
*  Dynamic Beach (End Pt)
~ Road Network
Topographic Contours (2 m interval)
O cLOCA Administrative Boundary

INTERPRETATION OF THE HAZARD MAPS:
m&mﬂqlwquﬂ‘ﬂmlwlhﬂlom
The

DEFINITIONS:

100 Yoor Flood Lovs!

The 100 You Combined Flood Level comsiders both static hike Jovel md
storzm wece, Laving a combined probability of becag eqralled or excesdsd
dmmg amy yesr of 1% (i, protability, P=0.01). The 100 Year

Combined Flood Leval slevaticn for CLOCA & =76.01 = IGLDSS
(+75.53 = CGVD2013)

Bced Eand Loz
The Flood Hazxed Limit is dafined 2 te 100-Year Flood Level plus s

IosofBind
The Tos of Blus¥ is the transition from the gently woping beach 1o the
steep portion of the bank or bl slops.

Sable Slope Allvmance
Tie Suabls Slops Allowancs is defined 2 2 borizoatl sethack squivaleat
12 3.0 tmes e beagkt of e back or W

Esoucs Hazerd Lemit

Ths lasdward sxsar of the Ercsion Hazard is the sum of s 100 yexr
‘wouion rae pias the Sakle Slepe Allewancs. meawsd bormegnlly
the toe of the back or bl

The Erosion Flasard Limit i5 20t mapped in thehered waten, bowwver.

localized shoreling Tivering arocioa myy occer and i wubject to review by
the Comsenation Aunsherity

Domamic Baack Boazwd Lizy
T Dyaamic Beach Hazard Laait s dofioed 23 12 sum of 2 Flood.

Shereline Mazagement Plan. The bazard limits are not the official | E 20 matren meaveed - Secal cemdton: may

rogulasery limirs of the Cosservation Ausbenrty Pleass conmerthe | Toqire 3 modified mappng approach if the beack s aroding sadior s

Conservation Axthority for additiaal decals cn the regulaeery Lmie | Semmerbeach M-swmwn-w-m-

a0d implicacicns for sew development mport for additicnal decaiks.

DATA SOURCES: i —

001 g gk s aied 1y € T Nass b ws Thormesal UTW 17N KADTH meve. KIS - COVDIAT = 3 46 m (wverngsl
Vartica? COVIIDT), mmtns T2 cowvert Bum XL D82 = COVODI ), mbena

2008 Do Tarrin Wb prrvded by € Pt Base Soluicns

6 LOAR Dt Temmin Mt btaisas #om e Mawry of Nanrd Rasrcs d Formry
Cramas formaton lommmd @ier P (b Conummens Lcancs - Crrans
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Swaance Casacs Cumbagea be. 33261
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sem
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akbicas’ dasd
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ONE WORID
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4857000

666200

MAP PUBLISHED MARCH 2020

pre Central
Lake Ontario |
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Example of Flood Risk Vulnerab|||ty (Lake Erie)

2 f‘?fjrwﬁﬂ — —_— r o — - g —— TR K;?&M

* lond ik for Buldng:

1500
1400
1300
1200
1100
"
uild % 1000
Flood Hazard Limit ‘§ 900
@ 800
P 6 700
E
3 600 {
E 500 = 5 |
E] 2 e
2 400 T35 3
23 8
300 i £
200 £5 £3
¥ 5%
100 gé SE
0 = L
FLOOD HAZARD LIMIT FLOOD HAZARD LIMIT with CLIMATE
CHANGE

The number of buildings within the flood
hazard is 3,182, increasing to 4,077
when Climate Change is considered.

e = —

KGS ‘ Lakehead Coastal Resilience Management Plan
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Example of Erosmn Risk Vulnerability (Lake Erle)

e ﬂ;__:‘__ﬁ,ﬂ »
[roswn Risks for Buildings ¥ 3 i
,nrﬂnr" %l

II‘ r & J I.S L:‘: "V ,," 4 = i
I 1500

~ Buildings outside the == —— =53 = 1300
| - Erosion Hazard Limit S
| i : . 1200
BT = : 1100
1000
900
800
700
600
500
400
300

0

200
100-YR EROSION HAZARD

Number of Buildings

Chathom-Kent
(Wheatley fo Port Alma)

100-YR EROSION HAZARD with
CI.IMATE CHANGE

The number of buildings within the
erosion hazard is 3,111, increasing to
3,870 when Climate Change is
considered.
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Future Management Plan Will Provide Examples to Increase
Resilience to Natural Hazards

Emergency Preparedness

-

Floodproof




Public Information Centre #2 — Hazards and Vulnerability

* Present draft hazard maps (flooding, erosion, dynamic beach areas)
* Introduce climate change projections and resilience concepts
* Collect input on key risk areas and potential response strategies

r 2
Draft Final Draft Final
Hazard M Hazard Resilience Resilience
Report | Report Plan Plan

e (@] © e~ aVYe B =

| July 2025 i Nov. 2026 ‘ May 2027 Sept. 2027 |

H Information Hazards and Adaptations Present Draft
April Gathering N Vulnerability Jan. Solutions Resilience Plan S
2025 2026 2027 2028
LEGEND
- Public Open Technical Analysis and Vulnerability . Virtual Public
=i Field Work 0 Housepe @ Hazard McpY;ing * Assessment '! Reporting QE Meeting
\ y,

KGS ‘ Lakehead Coastal Resilience Management Plan 37
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More Information

* Visit our website:
lakeheadresilience.ca

* Copy of presentation

* Ongoing project updates

* Future engagement
opportunities

* Contact project leaders

KGS ‘ Lakehead Coastal Resilience Management Plan

GROUP

OBJECTIVES

Public Engagement
Stakeholders and landowners will be engaged
throughout the project to establish community
values, identify existing threats, and co-develop
the management plan to increase coastal

resilience.

CONSULTING TEAM

HOME ABOUT GOVERNANCE

Updated Hazard Mapping
The project will generate updated flooding and
erosion hazard mapping for the coastal
jurisdiction of the Lakehead Region
Conservation Authority based on historical
extremes. A second set of maps will be produced
that integrated the impacts of a changing
climate on natural hazards.

ENGAGEMENT RESOURCES CONTACT

Coastal Resilience
Management Plan

The updated hazard mapping will be used to
complete avulnerability assessment for coastal
assets, including harbours and ports, roads and
utility corridors, private and public lands, and
ecosystems. Long-term strategies to increase
resilience to natural hazards will be co-
developed with the communities in the study

area.
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Questions and

Discussion




Thank-you!




