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Marrying Soft & Hard Techniques to Oppose Waves

HOW GREEN OR GRAY SHOULD YOUR SHORELINE SOLUTION BE?

ER TECHNIQUES

r Shorelines

SILLS - BREAKWATER -
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vegetated
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getated slope wave energy, and | to break waves,
place. Suitable prevents erosion. | reducing the force
‘most areas Suitable for most | of wave action, and |sites with exi
cept high areas except high | encourage sediment| hardened
energy wave energy accretion. Suitable | structures.
onments.  environments. for most areas.
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Types of Wave Protection
* Fixed Structures
* Floating Barriers
» Nature Based Strategies
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Fixed Breakwaters

 Walls

* Cribs and caissons
* Rock piles
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Marina Protection: Panel Breakwalls
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Wave Transmission: Porous Walls
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Caisson and Crib Breakwaters

-4 Edgewater

resources




Wave Overtopping Transmission

* Height controls
transmission
more than breadth

* Sloped
breakwaters
transmit more
than vertical
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Wave Protection: Rubble Mounds
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Wave Transmission for Armor Sizing for
Rock Breakwaters

Hudson Armor Relation
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Floating Barrier Types
(Wave Attenuators )
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e Reflective
* Panels
* Prisms

* Absorptive
 Matrix




Attenuator Types: Single Panel
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Woave Attenuator: Prisms

Continuous .
Thru-Rods Bull Rail

Scupper Block
Rub Boards

Split Rings and ‘ Solid Polystyrene Core '
Shear Plale
Typ.©ORods : g

Reinforced Concrete Shell
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Attenuator Types: Double Fence (Pi)
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Typical Floating Barrier Wave
Defense Performance

" Draft =49 ft
.., Depth = 6.4 ft
070 Beam = 3.1 ft

LEGEND
d = Depth B = Breadth
D = Draft L =Wavelength
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Wave Attenuator for Longer Periods
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Wave Attenuator: Absorpftive
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Floating Tire (Absorptive) Breakwater Performance

Source H/L  Dy/h Dyim)

Harms 004 007-052 .084,.15
104 CERC 005-010 016-0.32

McGregor 0045 0.06

Significant Wave Attenuation

Wave Height Coefficient

HS Ct

(ft) Predicted Measured

08

06

04

FTB performance half as 03

good as Mass Attenuator

0
0 02 04

For FTB to perform adequately, its breadth needs to be twice the wavelength or at least 200 ft wide
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Engineering with Nature Features

* Use Living armor for wave protection

* Integrate habitat forward ideas

* Emulate natural processes and shapes

* Finesse better outcomes by harnessing
Nature
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Softened Shoreline Edges Solutions
in Variable Water Levels.
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Submerged Eco-wave Dampening

INITIAL PLACEMENT

WATER LEVEL

MOVABLE COVER STONE

SHORESIDE LAKESIDE

Rocks ( 1.5"-3" Diameter) are placed in piles on lake bottom. Sand is placed around the mounds.

OVERTIME

WATER LEVEL

data has

for habitat

HORESIDE

Eventually, rocks may be replaced towards the shore, creating an uneven spread of cover on top
of material, and reducing wave energy.
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Theory of Ecology Based Breakwater Geometries

TYPICAL BREAKWATER MACRO-LEVEL MODIFY FORM TO AVOID MODIFY FORM FOR LOCALIZED,
COMPLEXITY CRITICAL HABITAT MICRO-SCALE COMPLEXITY

WAVES

SOME COMPLEXITY OVER POCKETS OF MAXIMUM HARD STRUCTURE HARD STRUCTURE COMPLEXITY
ENTIRE STRUCTURE PLEXITY IPLEXITY ON LEE SIDE ON WAVE-WARD SIDE
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Introducing Reef Fingers and Fish Streets

SEDIMENT
O E-CONCRETE UNITS

HARD CLAMS, EELGRASS, SALT MARSH
DEPENDANT ON RATE OF SEDIMENTATION

CONCENTRATE AT “STREETS” AND IN
INTERTIDAL AND SUBTIDAL ZONES
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Depictions of Fish Fingers Added to a Breakwater

SUBMERGED  £MERGENT
SADDLE CREST

SUBTIDAL INTERTIDAL
ZONE ZONE
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Marina Protection
Habitat Island Breakwater System
Ft Pierce FL
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Storm Protect and Passively Dredge Marina Basin
by Usmg Custom Shaped Eco-Breakwater Islands

Pre-condition

Post-condition
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The Design Solution: Curvilinear Overlapping Habitat
Islands
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Create Multi and Diverse Habitats
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Ecological Achievement

Mosaic Habitat Creation

* Total island area = |5 acres T
* Total habitat created = 21.7 acres e e T )
* Opyster habitat = 1.3 acres ' & \ = 1 Ay

* Artificial reef /riprap substrate = 6.3 acres
* Mangrove communities = |.5 acres

e Coastal dune habitat = 2.2 acres
* Seagrass recruitment = 8.1 acres
e Shorebird habitat = 2.3 acres
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Completed Habitat Island Protected Marina and

Shoreline
2016 ASCE COPRI Project Excellence Award

—
TP
3 ‘}D&

Total Cost of Island Breakwater System: $19.8 million
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Atlantic Coast Hazard Reduction
“Living Breakwaters”
Tottenville, N]J
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iving Breakwater Features

Note Fish
Finger
Appendages

Note armor shaped
with imitation
miniature tide pools

-4 Edgewater

resources




Shoreline Stabilization and Restoration
Using Non-intrusive EWN Solutions
lllinois Beach State Park
Zion, IL
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Aquatic/Intertidal Habitat Creation

MAN-MADE DUNE

WIDENED BREAKWATER CREST

MAN-MADE DUNE - SAND PLACED ON BREAKWATER PROVIDES DPPORTUNI%Y
: FOR DUNE GRASSES TO TAKE ROQT, AND PROVIDES SHORE BIRDS WITH
" HABITAT WHILE THE BREAKWATER BENEATH ACTS AS AN ARMORED CORE
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Aquatic Habitat Features

Concrete Mats

(1) ROOT WAD

(7) SUBMERGED |
VEGETATION ROLLS 1.
B 1

(5) TERN NESTING PODS

Concrete Blocks Underwater Pipes of various sizes, organized at

variable depths and plugged at variable lengths.

| (15) UNDERWATER PIPES

(1) MAT : ROCK TOPPER
(1000 SF)

(6) BLOCKS
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Avian Habitat Features
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Obverse Fish Fingers Reduce Needed Height of Breakwater

3 stones
. —

Wave Transmission for
normal Breakwater

* No Finger, Imperm

« Fc =-5, F = 10% wavelength
Fc = -5, F = 20% wavelength

* Fc =-5, F = 30% wavelength

* Fc = -6, F = 30% wavelength

Wave Transmission ~ *  50% freeboard height
with habitat reduction achievable

fingers added
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Lee Side Habitat Pool Concept

3 stones
—

EXTEND LOWER POTION OF
BREAKWATER TQ CREATE

(5) SUBMERGED
VEGETATION ROLLS
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Lee Side Habitat Pool Improves Marina Tranquility

» Impermeable Breakwater
*S=70,Sc=-9
*S=70,Sc=-6
«S=90,Sc=-9
S =90, Sc=-6

70% freeboard
reduction achievable
*S distance = 35-50% wavelength
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‘ What are you trying to protect? |

MARINA COASTS & EDGES
Site Conditions /\
* Soft Control Hard Control

Deep Water + Shallow Water + Deep Water +
<3 Sec.Tp >3 Sec.Tp >3 Sec.Tp /\ \
/\ /\ Living beaches Armored
Shorelines Structures

Living Shoreline Wave Breakwater
Wall/Cribs

Wave Attenuator
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Consider your options.
Traditional approaches to shoreline and harbor
protection may often be replaced with eco
compatible alternatives offering:
similar costs,
equal performance,
better aesthetics,
regulatory preference,
self sustainability
natural resilience by emulating actual physical
processes versus forced conditions
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