Great Lakes Coastal Erosion and 2/10/2022
Remediation Strategies
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BLUFF STABILIZATION — CAUSES AND MITIGATION

GREAT LAKES LEVELS/CLIMATE IMPACTS

LAKE SUPERIOR WATER LEVELS - FEBRUARY 2022
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BLUFF STABILITY - SOIL
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BLUFF STABILITY - SHALE
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SHORELINE STABILITY

TODAY

BLUFF STABILITY - SHALE
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SHORELINE STABILITY
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2/10/2022

SHORELINE STABILITY

STABILITY FAILURE
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BLUFF STABILIZATION — CAUSES AND MITIGATION

DESIGN CONSIDERATIONS — DESIGNING FOR AN UNCERTAIN FUTURE
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SHORELINE STABILITY

STABILITY FAILURE
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BLUFF STABILIZATION — CAUSES AND MITIGATION
WIND AND WAVE INFLUENCES — NUMERIC MODELING AND METOCEAN ANALYSIS

Scmitica wave i

Boussinesq 2D model was run to determine nearshore mose
wave conditions &-m

Varying wind directions & Varying water levels and
setup/storm surge

Nt of waves

Hs = Significant Wave heights Hs
—  The average Height of the highest 1/3 of the waves
~  Highest 10% of waves is roughly 13 x Hs

~  Highest Wave Height is about double the Hs

= Deeper water allows further runup and more erosion
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BLUFF STABILIZATION — CAUSES AND MITIGATION

DESIGN CONSIDERATIONS - RECORD BREAKING EVENTS

SMITHGROUP

BLUFF STABILIZATION — CAUSES AND MITIGATION

GOALS OF PHYSICAL MODEL TESTING

= Morphology
— Develop a stable shoreline using
3-dimensional shoreline
structures
= Transmission
— Reduce wave transmission
over/through breakwaters to
reduce littoral transport
= Stability
— Test cross sections and rock
gradations for stability
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PHYSICAL MODELING

stability of the structures
= Verify and tweak numeric

BLUFF STABILIZATION — CAUSES AND MITIGATION

= Build scale models of the bathymetry and shoreline
= Test sediment transport, morphology of the shoreline, and

models
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Testing Conducted
= Design Series
— lLongTerm -
Morphology

= Tested at High Water
Level

— Longshore Sand Profile

= Confirmation Series
— Rock Selection
Stability
= Armor & Toe
= Head & Truck Slope

— Cross Shore Sand
Profile

BLUFF STABILIZATION — CAUSES AND MITIGATION

PHYSICAL MODELING - 3D BASIN MODELING
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BLUFF STABILIZATION — CAUSES AND MITIGATION

PHYSICAL MODELING — IMPORTANCE OF TRANSMISSION
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BLUFF STABILIZATION — CAUSES AND MITIGATION

PHYSICAL MODELING — IMPORTANCE OF TRANSMISSION 2D FLUME TESTING

SMITHGROUP
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BLUFF STABILIZATION — CAUSES AND MITIGATION

PHYSICAL MODEL TESTING - STABILITY

Structure 11
Test 6 - SE HW
1-2 Ton - Red
0.5-1Ton - Blue
1.5 Slope

SMITHGROUP
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BLUFF STABILIZATION — CAUSES AND MITIGATION

PHYSICAL MODEL TESTING - STABILITY

Structure 11
Test 6 - SE HW
1-2Ton - Red
| 051700 - Blue
| 151 lope

Selection:
TRUNK 0.5-1ton /15:1
HEAD  1-2ton /21

Raise crest elevation to 587

SMITHGROUP
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BLUFF STABILIZATION — CAUSES AND MITIGATION BLUFF STABILIZATION - GREEN TO GRAY SPECTRUM

PHYSICAL MODEL TESTING - PRE MODEL AND P0OS DESIGN CONSIDERATIONS — SURVIVABILITY
-

COASTAL STRUCTURE

KEV FACTORS FOR LIVING SHORELINE IMPLEMENTATION
WAVE ENERGY (< 1FT FOR SOFT STUFF..)
NEARSHORE BATHYMETRY (DEPTH, ETC.)
SUNLIGHT
SHORELINE ORIENTATION / GEOMETRY
FETCH DISTANCE (DISTANCE FOR WAVES TO FORM)
BOAT WAKES / BOW THRUSTERS
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BLUFF STABILIZATION — GREEN TO GRAY SPECTRUM SHORELINE STABILITY

DESIGN CONSIDERATIONS - SURVIVABILITY TOE ARMORING (FIRM FOUNDATION, TOP EVOLVES OVER TIME)

COASTAL STRUCTURE
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BLUFF STABILIZATION — GREEN TO GRAY SPECTRUM SHORELINE STABILITY

DESIGN CONSIDERATIONS - SURVIVABILITY
TERRACING (A MORE PERMANENT APPROACH)

UVING SHORELINE

NATURE BASED SHORELINE GOALS
STABILIZE SHORELINES AND PREVENT EROSION
2. RESTORE OR ENHANCE HABITAT TO SUPPORT INCREASED SPECIES
DIVERSITY AND PRODUCTION
3. MAINTAIN / SUPPORT NATURAL PROCESSES (I.E. LONGSHORE TRANSPORT)
4. IMPROVE WATER QUALITY
5. MAINTAIN THE LAND-WATER INTERFACE

REALIZE WHEN THESE STRATEGIES ARE NOT APPROPRIATE
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SHORELINE STABILITY

2/10/2022
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SHORELINE STABILITY
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SHORELINE STABILITY
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SHORELINE STABILITY
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EUCLID, OHIO SHORELINE

PROJECT BACKGROUND AND DRIVERS

« Threat to adjacent homes

Desire for public access

. CataL)/st for economic recovery
; il

3
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2/10/2022

BLUFF STABILIZATION — COOPERATIVE APPROACH

PROJECT BACKGROUND AND DRIVERS

"‘ 112‘".;"

EUCLID, OHI0 SHORELINE

BLUFF DESIGN — TOE STABILIZATION (COBBLE BEACH)
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EUCLID, OHIO SHORELINE

PROJECT OBJECTIVES, CONSTRAINTS

« Engineering Design Objectives:
Stable bluff

+ Minimize impacts to
“longshore transport”
Regulatory compliance

Support “placemaking” objective
Trail resiliency/safety

Satisfy stakeholders

« Design Constraints

* Wind/Wave Heights
Fluctuating lake levels
Regulatory Restrictions
Extreme space restrictions.
Unpredictable soil conditions
Accommodation of adjacent

EUCLID, OHI0 SHORELINE

BLUFF DESIGN — SLOPE STABILIZATION AND SUBSURFACE DRAINAGE
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BLUFF DESIGN — TOE STABILIZATION (REVETTED EDGE)
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EUCLID, OHIO SHORELINE

BLUFF DESIGN — SLOPE STABILIZATION AND SUBSURFACE DRAINAGE
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EUCLID, OHIO SHORELINE EUCLID, OHIO SHORELINE

BLUFF DESIGN — SLOPE STABILIZATION AND DRAINAGE BLUFF DESIGN - OUTCOME

TERRACED CUT
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EUCLID, OHIO SHORELINE EUCLID, OHIO SHORELINE
BLUFF DESIGN — SLOPE STABILIZATION AND DRAINAGE BLUFF DESIGN - OUTCOME
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Euclid Lakefront Developmaent Wins
“Best Project” at OEDA Excellence
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New lakelront special improvement district
could lead to new Lake Erie trails following
innovative Euclid example

e i Bem

Euclid waterfront project connects residents
1 Lake Erbe, addresses shoreline erosion

Did a Hundred Homeowners
Just Change the Great Lakes
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EUCLID, OHIO SHORELINE

BLUFF DESIGN — CONSTRUCTION CHALLENGES

QUESTIONS/DISCUSSION

IMPROPER COMPACTION/DRAINAGE IMPROPER EROSION MAT IMPROPER COMPACTION/DRAINAGE
COLLECTION PLACEMENT COLLECTION
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