Wednesday Webinar
Coastal Protection: Infrastructure Strategies

December 11, 2013

Coastal Protection



Agenda

1. Welcome/Speaker introductions (5 min)

2. Presentation (40 min)
= Risks and Coastal Typologies in NYC (Pippa Brashear)
= USACE Historic Role and Evolving Approach/Projects (John Taylor)
= The Range of Approaches (Cheryl Johnson)
-1 “Engineered’ Approaches (Cheryl Johnson)
= Nature-based Approaches (Johannes Pointl)
= Putting It All Together (Pippa)

3. Discussion/Q&A (45 min)
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What causes these hazards?

SUDDEN EROSION

GRaDUAL HAZARDS

HIGH TIDE FLO-ODING DUE T SEA LEVEL RISE

GRADUAL ERCISHON

Storm Surge

Wave Action / Energy

High Tides, Sea Level Rise,
Water Currents

Image Source: New York City Dpt. Of City Planning, “Urban
Waterfront Adaptive Strategies” (2013)
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What Do We Do? Types of Reach Strategies

GRADUAL ERCISHON

Storm Surge
Protect against storm surge

Wave Action
Reduce wave energy / Minimize
upland wave zones

High Tides, Sea Level Rise,
Water Currents
Raise coastal edge elevations

Image Source: New York City Dpt. Of City Planning, “Urban
Waterfront Adaptive Strategies” (2013)
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In June 2013, the New York City
Department of City Planning
released “Urban Waterfront
Adaptive Strategies.”

— A guide for identifying and
evaluating potential strategies
to increase waterfront

communities’ resilience to coastal

flooding and sea level rise
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Source: New York City Dpt. Of City Planning, “Urban Waterfront Adaptive Strategies” (2013)
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Current Conditions: Edge Type / Coastal Geomorphology

Oceanfront Beaches

Glacial outwash plains, High fetch,
Low elevation / gradual slopes,
Unreinforced shorelines, Fine sediment

= Haordened Oceanfront Plains

Glacial outwash plains, High fetch,
Low elevation / gradual slopes,
Reinforced shorelines, Fine sediment

=== Coastal Marshes

Glacial outwash plains, Low fetch,
Low elevation / gradual slopes,
Unreinforced shorelines, Fine sediment

=== Hardened Sheltered Bay Plains

Glacial outwash plains, Low fetch,
Low elevation / gradual slopes,
Reinforced shorelines, Fine sediment

Oceanfront Slopes

Glacial fill plains & hills, High fetch,

Medium elevation / medium slopes,
Unreinforced shorelines, Mix of sediment types

Sheltered Bay Slopes

Glacial till plains & hills, Low fetch,

Medium elevation,

Unreinforced shorelines, Mix of sediment types

Hardened Sheltered Bay Slopes
Glacial till plains & hills, High fetch,

Medium elevation / medium slopes,
Reinforced shorelines, Mix of sediment types

Sheltered Bluffs

Sheltered bedrock controlled hills & ridges, Low fetch,
High elevation / steep slopes,

Unreinforced shorelines, Coarse sediment

== Hardened Sheltered Bluffs

Sheltered bedrock controlled hills & ridges, Low fetch
High elevation / steep slopes -
Reinforced shorelines, Coarse sediment

N
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USACE Civil Works Missions

Navigation

* Flood Risk Management
— coastal storm damage reduction
— flood risk

* Environmental Restoration
* FEnvironmental Remediation
* Project Operations

* Emergency Operations
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NYC Typologies and USACE Coastal Storm Damage Reduction

= Oceanfront beaches with different population
densities

= Oceanfront slopes
= Coastal marshes

= Hardened, sheltered bay plains
— Residential /commercial uses

— Densities

= Hardened, sheltered bay slopes
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NYC Typologies and USACE Civil Works Mission Alignments

Typologies Civil Works Missions

* Flood Risk Management

— coastal storm damage
* Oceanfront beaches/ e duction 9

Oceanfront slopes —flood risk

* Navigation

“ Environmental Restoration

e Coastal marshes
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USACE Missions to Projects

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8
Initial Problem Congressional Initial Study Conduct Certify Negotiate PMP Execute FCSA Conduct
Identification Study Funding Reconnaissance Reconnaissance and FCSA & Request Feasibility
Resolution/ Study Phase Feasibility Study

Authorization Funds

Step 9 Step 10 Step 11 Step 12 Step 13 Step14
Complete Final Division Washington Chief of Administration Project
RPT. for Coord. Engineer's Level Engineers Review Authorization

& Submission Transmittal Policy Review

Step 19
Execute PPA

Step 20
Project
Construction

Step 21
OMRR&R

Congress
Appropriates
Construction
Funds

Step 15
Execute PED
Agreement

Step 16
Conduct PED

Step 17
Draft PPA

Review/
Approval

For more details, see http://planning.usace.army.mil/toolbox/process/chart-regs.pdf
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Property Ownership
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Authorized USACE Projects and Disaster Relief Appropriations Act of
2013 (PL 113-2 or the Sandy Relief Bill) Repairs

* Oceanfront beaches/Oceanfront slopes=USACE Coastal Storm Reduction (CSR)
project areas that are authorized and funded for construction and/or studies:

— East Rockaway Inlet to Rockaway Inlet (Rockaway Beach);

— Plumb Beach, and Rockaway Inlet to Norton Point (Coney Island)

2013 Post-Sandy Army Corps NY District Coastal Project Repair and Restore

|not sand placement)

Project N ) Initial Construction Awarded & c ¢ Activiti
roject Name Macement (Culbic Completed war UITEnN ivities
Yards)
HA- Upte 14- 5 10M 1A - Work
Rockaway 1A | 600,000 1977 . r-I S35, . ” t':'r
Total ~3.5M A PmREE
1B - Contract
macks 18 18- 3 million 1977 18- 526.4M & Wint
wa Total ~3.5M . Total-$36.4m | T oo TIME
Expected Work Start
Coney Island R0, 000 19495 57.2 million Work Complete
Oakwood Beach N/A 2000 $423,000 Work Complete
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Disaster Relief Appropriations Act of 2013 (PL 113-2 or the Sandy

Relief Bill) Reformulation, Existing Studies, New Studies

» Oceanfront beaches/Oceanfront studies:

— East Rockaway Inlet to Rockaway Inlet (Rockaway Beach);
= Oceanside
= Bayside

— Plumb Beach, and Rockaway Inlet to Norton Point (Coney Island)

— Study for the South Shore of Staten Island

®» Coastal marshes

— Selected sites of the Jamaica Bay Restoration Program

= Comprehensive Study

— Mid-Atlantic through Northeast Coast to New England

— Mayor Bloomberg February 2013 request for a reconnaissance study of “...flood risk

reduction to cover the New York/New Jersey harbor area.”
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Jamaica Bay

USACE - \

I USACE Jamaica Bay Feasibility Study re B \
ecolegical restoration projects for potential coastal pred
benefits
!/ Dead Horse Bay
i Pasdegat Basin
1) Fish Creek
 Spring Craek

W Houdras

rater Park
Paint
s Point

: East Rockaway to Rockaway Inlet | USACI
nulation Study examines beach rencur Reforr
sontrol on the ccean (Phase 1) and bay side arosion
1, oceanside, study avallable November 2014 1Phase
ida, 5 y availabla November 2015 #)Phase

2)Dune

| Berm & Sand Dune (Summer 2014, NYCDEC) T Beack

Authorities Program (CAP)
, and impdement projects

jonal authorization,

[ USACE Continuing
allows the USACE to plan
without spacil ongress
() Prumb Beach {Storm D
() Gerritsen Creek
) Spring Creal [
4) Elders Point (Benef
(5) Yeliow Bar (Benaficial L
I o) Blackwall & Rulers Bar

City & State Projects

| wem Butkhead Cons!

temn Restoration)

m Restoration)

Uses of Dredged Material j

sas of Dredged Material )

(Beneliclal Uses of Dreciged Material
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CAP Program

Continuing

Authorities
Program

Section 14 Section 103
Emergency Shoreline
Streambank Protection
Protection
Section 205
Flood
Control

Section 208
Clearing &
Snagging

Section 3
Navigation
Clearing &
Snagging
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Coastal Protection Infrastructure Strategies
A Range of Protection and Mitigation Approaches

— Storm Surge Barriers/Floodgates
— Levees and Floodwalls

— Seawalls, Revetments and Bulkheads

— Flood Wallls and Building Flood
Protection

— Deployable Floodwalls

— Groins or Jetties

— Beach Nourishment and Dunes
— Breakwater Islands

— Constructed Reefs

— Tidal Flats

— Wetlands
— Maritime Forests

Nature-based

— Absorptive Edges
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Solutions Address Different/Multiple Risks

Storm Wave Action/ | High Tides/Sea Level
Surge Energy Rise/ Water Currents
Storm Surge Barriers/ Floodgates \

Levees and Floodwalls

< = =2
<

Seawalls, Revetments and Bulkheads

Deployable Floodwalls

Q)

2 =2 2 =2
©

Flood Walls and Building Flood Protection
Groins or Jetties

Beach Nourishment and Dunes \
Breakwater Islands

Constructed Reefs

Wetlands v (min)

Absorptive Edges
Tidal Flats v (min)

2 2L 2 2 2L 2 £ W
©

Maritime Forests



Storm Surge Barrier System

= Storm Surge /Tidal Barrier, Lock or Gate
= Can be Local (close to an inlet) or Regional

Venice Floodgates (MOSE), Venice, Italy
(Modulo Sperimentale Elettromeccanico)

A 10 year, $7.3 billion water barrier system
construction project in progress to protect
from extreme flooding and sea level rise.

More than 1 Mile Long, 78 Metal Flap Gates
across 3 inlets that connect the Venice
Lagoon to the Adriatic Sea

Gates are 92 Feet Long, 65 Feet Wide and
Weigh 300 Tons

Integrated with other coastal reinforcement
measures, the raising of the quaysides and
paving, and improvements to the lagoon
environment

Example of “Moses” tide gate project in Venice, Italy (http://www.npr.org/templates/story/story.php?storyld=112995748)
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Large-scale Tide Gate

Figure 42. Aarial photograph of Stamford humicane barier (photograph courtesy of Figurs 43. Stamford hurricana barrier (bhotograph courtasy of Mew England District).
New England District).

Hurricane Barriers in New England and New Jersey — History and Status After Four Decades
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Smaller-scale Tide Gates

Navigable Tide Gate, Atide gate (non-navigable) installed in the NJ Meadowlands
Shinnecock Locks, Ray Kelly
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Levees and Floodwalls

" Large flood control structures, such as levees and floodwalls, provide protection

against inland flooding

Elevatad
Walkray

Fropa sed
Langscaped
Grading

Ewusting
Giround

f

Podomeae Riser

/

Faooking

Example of conceptual floodwall design from City of Alexandria, VA Potomac River Waterfront Flood Mitigation Study
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Seawalls, Revetments, Bulkheads, Riprap

= Smaller structures such as seawalls, revetments, bulkheads can stabilize the shoreline
and provide erosion control.

= Armored shorelines (e.g. massive stones or rip-rap) can be used to provide erosion
control

= Existing structures can be raised to provide additional protection

Waterfront Retaining Wall Restoration,
Avalon, California
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Flood Walls and Building Flood Protection

" Flood Walls and Barriers
= Protection of Key Areas and Assets

Self Closing Flood Barriers

Install floating
entrenched wall and
reinforcement by
laminated steel strips and
protected by Kevlar for
impact strength.

As soon as the basin is
totally filled up with
water, the closing surface
will “lock” the barrier
into a watertight

position.

Once the water level
subsides to a normal
level, the basin is drained
through a drain pipe with
non return valves or by a

pump.

Coastal Protection 22



Deployable Floodwalls

" Temporary floodwalls are less expensive than permanent floodwalls, but need
to be actively deployed.

Example of temporary floodwall deployment from
FEMA Publication #551 Selecting Appropriate Mitigation Measures for Floodprone Structures
http://www.fema.gov/media-library-data/20130726-1608-20490-6445/fema551 ch_05.pdf)
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Groins or Jetties

= Groins or Jetties are familiar structures installed
perpendicular to shorelines to protect beach sands
and beach nourishment projects.

11 7 . 113 bk
Inferrupt |I1'1'OI'CI| dl’lﬂ' Cmd preserve beaches Groins at Pacific Palisades. The beach is wider on the near

side of the groins than on the far side. Longshore transport of
- Tl‘dp sand ups'rredm bUT scour Sdnd downs’rreqm sand is from the lower right to the upper left, deposited on the

. o . . . near side of the groins and eroded from the downcurrent side
— Debatable effectiveness and UTI|I1‘)’ In reducmg risk due to longshore current eddies. ©AGS1963. geol.ucsb.edu
— Require maintenance fill (forever)

— DEC regulatory permitting issues

Hardened beach structures on the North Carolina shore
built before the passage of the current ban.
Photo: Program for the Study of Developed Shorelines
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Beach Nourishment and Dunes

= Replenishing beach sands provides an
increased buffer between the waterfront
and upland areas.

— Taller and wider sand dune creation
provides greater protection.
" Dunes may be “Natural” or “Created”

— Both require stabilization, plantings and
protection from excessive foot and
vehicular traffic

— “Created” man-made dunes require
proper engineering and installation

— “Created” man-made dunes require time
to develop and stabilize until which they
are more vulnerable

Example of beach restoration in-
progress from FEMA’s Beach
Nourishment and Dune
Construction Fact Sheet
http://www.fema.gov/media-
library-data/1380817703193-
db852b9457140501bd6a873c945
69e2c/Beach+Nourishment+Fact+
Sheet_FINAL.pdf
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Nature-based Approaches

Discussed further:

" Breakwater Islands

® Constructed Reefs

" Wetlands

= Absorptive Edges

Not discussed:

" Maritime Forests

® Tidal Flats
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Breakwater Islands

PROS CONS

= Reduce risk by absorbing wave energy  ® Does not totally eliminate surge
above sea level = May interfere with existing maritime

= Recreational opportunities activity

= Create calm, slow water zones that allow ® Impact on existing ecological habitat
safer interaction with water needs to be studied

= Habitat enhancement opportunities

" Improve water quality

" May reduce the extent of surge WAVE ACTION

1/4 MILE TO SHORELINE

Surge water level

Oyster reef restoration Filter rock Armor rock Rock toe/ scour apron

Econcrete breakwater Geotube core with dredge fill/sand
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Breakwater Island Example: Ft. Pierce Marina, FL

ol
ald

¥ - d/®

- -
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Constructed Reefs

PROS

= Reduce wave energy on-shore

= Structural integrity improves as biogenic
matter builds up

® Mimic historic ecosystems

= Attract fish and larger maritime species

= Possibility of integrating wave
energy generators

1/2 mile to shore

CONS

= Reduce smaller portion of wave than

breakwater islands

= Difficult and time consuming to permit &
construct in the water

Wave attenuation

btidal constructed reef -

I 'Oyster reef restoration e

. ECONCrete armor units

i ECONcrete armor units % = | B &

Fishing grounds

' Rock toe/ scour apron ==
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Constructed Reef Example: Gold Coast, Queensland, Australia
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Constructed Reef Example: Alligator Reef - Dare County, NC
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Constructed Reef Example: Eastern Scheldt, The Netherlands
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Wetlands

PROS CONS
= Absorb surge waters and reduce wave  ® Only protects against low-level coastal
impacts flooding

= Adapt to sea level rise by means of
natural accretion

= Clean dredge material as a potential
source of sediment for marshes

" Ease the economic burden of dredge
management for small businesses

Thin dredge sediment
application

Restored SAV beds

~ Wetland restoration *

o Recreational small channel T Y
R g Dredge hole filling g

Small dredge technology Intracoastal waterway
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Wetlands Example: Evia Island, Galveston Bay, TX
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Wetlands Example: Times Beach Nature Preserve - Buffalo, NY
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Absorptive Edge

PROS CONS
= Reinforce the shoreline and = Only protects against low-level coastal
minimize coastal erosion flooding

" Maintain coastal processes

= Protect, restore, enhance and create
natural habitat for fish and aquatic plans
and wildlife

= Can use plants, sand, stone, oyster reefs

as protective elements

Living shorelines

Surge water level

Mean sea level + SLR

Mean sea level

Reef restoration and oyster gardening
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Absorptive Edges Example: Tide pools, Israel
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Combined Wave Attenuation Strategies: Staten Island

GREATKILLS
RGP, 73,700

TOTTENVILLE, NY
POP 13,400

@ Marina

2% Tidal flat
Breakwaters Island

L:ii Wetland

/ Bl:é‘ék-\;\{ate r.-.-.-...-

P -: ..-
|| i N
. 0

f“.iaritime.Forest ‘-T'idé“[ flat restoration |

*,

@l

2 miles

Conceptual strategies have been developed in the framework of the HUD Rebuild by Design competition.
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Historic Oyster Beds in Raritan Bay

R

v
RAHWAY CREEK

ARTHUR
KILL, o7

Eastern oysters were harvested Soft and hard clam harvest

from native beds, primariy Great limited to wading depths and

Beds and Chingarora beds in intertidal sharelines.

Raritan Bay. Qysters were tonged / &

and dredged by hand. By the / 77 OLD ORCHARD
1800's native oyster beds were e SHOAL

already in decline.

¥ BEDS |, WARDPT

CHINGARORA
BED

#/#/7 OYSTER BEDS
© 2221 ESTIMATED CLAMMING AREA

TONGING FOR OYSTERS IN RARITAN BAY, 1855

1800-1850s

RARITAN BAY OYSTER AND CLAM INDUSTRY
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Combined Wave Attenuation Strategies: Jamaica Bay

Breakwater Island ‘. = "
- S B

@ Marina
=0 Tidal flat
Wetland

Protective dunes |

/ Breakwater

Conceptual strategies have been developed in the framework of the HUD Rebuild by Design competition.
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Dry Floodproofing

Wet Floodproofing

)i

Elevate on Fill or Mound

I

Elevate on Piles

i

Site Protection

X

Floating Structures

¥

Amphibious Structures

E\;

Building System Protection

OTHER

Emergency Management
Insurance
Land Use Management

Infrastructure Protection

UPLAND

IN-WATER

Elevation of Land and Streets

Floodwalls

—

Waterfront Parks

Strategic Retreat

Bulkheads

Seawalls

. “\ - R
\ .
=

Beaches and Dunes

Levees (or Dikes)

Multi-purpose Levees

Constructed Wetlands

Breakwarters

Surge Barriers

Coastal Morphology Alteration

Polders

Source: New York City Dpt. Of City Planning,
“Urban Waterfront Adaptive Strategies” (2013)

Coastal Protection 42



Building Multiple Layers of Defense

= Coastal protection is not one size fits all.

" The majority of places can benefit most from a coordinated set of layered strategies
which combine two or more types of the approaches discussed.

= Coastal protection measures should, no matter what, be combined with individual site
and building floodproofing and resiliency strategies to be most effective.

= Remember, risk is never O; know how each intervention is likely to reduce risk, and by
how much.

High ground development

Building / Site Level Strategies:

PO"CV et Site Protection, Elevating, Wet flood-
d fing, Dry floodproofing, etc.
Zoning, Building Codes, RIS Y DR ERIE UG

Living Shoreline ' Absorptive Edge /
o — - - (- \ ;




Risk

Stepping Down Risk — All Hands In

INITIAL
RISK

ZONING
e BUILDING
i — CODES

OUTREACH
EVACUATION

Risk Reduction Tools (Cumulative)

INSURANCE

| DUNESYETEMrsures

RESIDUAL
RISK
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Key Resources for NYC

= NY Rising State Community Resilience Techniques (October 201 3)

— A compilation of approaches to increase resilience, including case studies

— http://www.stormrecovery.ny.gov /sites /default /files/documents /Community Resilience Techniques October 2013.p
df

n NYEquors Office, “A Stronger, More Resilient New York” (201 3)

— Chapter 3: Coastal Protection: Identifies city-wide issues and considerations regarding coastal

protection and lays out the city’s comprehensive coastal protection plan
— Additionally, Chapter 1: Sandy and its Impacts, and Chapter 2: Climate Analysis provide useful
background on coastal flooding and coastal flood risk as it applies to New York City

— http://www.nyc.gov /html/sirr /html /report /report.shtml

= NYC Department of City Planning, “Urban Waterfront Adaptive Strategies” (2013)
— Studies and categorizes NYC’s coastal neighborhoods by coastal geomorphology and land use /
density and profiles a large number of coastal protection strategies and their applicability to the
coastal and built environment of various NYC neighborhoods.

— http://www.nyc.gov/html/dcp /html /sustainable communities/sustain com7Z.shiml

= NYC Department of City Planning, “Designing for Flood Risk” (201 3)

— ldentifies key design principles to guide flood-resistant construction in urban areas

— http://www.nyc.gov/html/dcp /pdf/sustainable communities/designing flood risk.pdf

= NYC Panel on Climate Change, “Climate Risk Information 2013”
— Analysis and estimates on climate change and its impacts, including sea level rise.

—  http://www.nyc.gov/html/planyc2030/downloads/pdf/npcc climate risk information 2013 report.pdf
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Discussion/Questions

= Thank youl!
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