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Living shorelines use plants or other natural elements—sometimes in combination with
harder shoreline structures—to stabilize estuarine coasts, bays, and tributaries.
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What are Living Shorelines?
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What are living
shorelines?

= “shoreline management practice
that addresses the loss of
vegetated shorelines, beaches,
and habitat in the littoral zone by
providing for the protection,
restoration or enhancement of
these habitats” (N.J.A.C. 7:7-1.5)
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Dark Ages
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Dark Ages
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DELSI

Delaware Estuary Living Shorelines
Initiative

= PDE/Rutgers

= Project initiated in 2008

= Maurice River

= Coir Log & Shell Bag

= Key Takeaways
- Permitting is painful

- Effective on moderate/low energy
shorelines

- Can survive large storms

= Project story map created in 2021
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BEFORE: Marina in New Jersey's Heislerville Fish and
Wildlife Management Area in April of 2010.

BEFORE: Day of installation of coconut-fiber (coir) logs
and mats in New Jersey's Heislerville Fish and Wildlife
Management Area in May of 2010.

I L |
AFTER: One year later, June 2011, native marsh grass can
be seen flourishing in the soil that has collected behind the
new “living shoreline.” Not only does this defend land
against destructive waves, but also it serves as fish habitat
during high tides.

AFTER: September 2011- the site remained stable after
Hurricane Irene and Tropical Storm lke.




NJDEP

Early Living Shorelines Initiatives

= NJDEP - Living Shorelines Whitepaper
- November 2009
- Set the stage for the development of a general permit

- “The regulatory preference for permitting bulkheads and
similar structures should be changed to favor more
ecologically beneficial solutions.”

= Regulatory Rule Writing Workshop
- 20107
- Invited experts from around the region

- Accelerated the development of a “Living Shorelines General
Permit”
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Mitigating Shoreline Erosion along New Jersey’s Sheltered Coast:
Overcoming Regulatory Obstacles to Allow for Living Shorelines

Office of Coastal Management
NJDEP — November 2009

WHITE PAPER FOR DISCUSSION

ledge
projects and to nowledge and
response to climate adaptation, sea level rise and st
recent changes to reguiations
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Superstorm Sandy
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Superstorm Sandy

By the numbers...

= 92 mph winds estimated just offshore at landfall
= Hurricane Sandy broke dozens of records

: 'Y ) A How Big Was Sandy?

- 800 to 1,000 miles across o s

- Radius of maximum winds = greater than N e sy KAAINGT
100 miles N ;‘ W 30 M

- Diameter of tropical storm-force winds at N '"*‘";’-j,,m ke
landfall: 945 miles L W N 275 mi-

- Atits peak, Sandy had tropical storm-force & 4 LN ' Sand
winds that covered an area nearly 1/5% the A R | y
size of the contiguous United States e RN i 485 mi

* 940 mb - Lowest pressure measured in the
U.S. north of Cape Hatteras, NC

Graphic Credit: https://www.click2houston.com/weather/2012/10/31/hurricane-sandy-
° H|ghest Storm Surge in Lower Man hattan dwarfed-other-notable-hurricanes-in-recent-years/
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Superstorm Sandy

By the numbers...

Wave Heights during Hurricane Sandy

10 — 44009 HS

= NWS determined that wave heights at A
two buoys were the highest recorded 9 N\
p/‘, \
im

— 44025 HS

44065 HS
MaxHS at 44065 during Irene 4065

ee]

= Offshore, wave heights in excess of 12’
covered an estimated area of 1.4 million
square miles

- orroughly % half the contiguous US
- or area of ocean with a diameter of

MaxHS 44009 duringlrene

4
S

Significant Wave Hei ght (m)
(%,

1,500 miles 4 /'/
= Maximum significant wave height: 4 /V
- Highest - 33.1" east of Cape 2 J

Hatteras Ny 4

- 2nd highest - 32.5"' at the Entrance
to New York Harbor 27-Oct 28-Oct 29-Oct 30-Oct 31-Oct 1-Nov 2-Nov
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andy Surge

All of NYHOPS Elevation(m) 2012-10-29 20:25 EDT
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Inundation levels

* Monmouth and Middlesex Counties 4-9 ft
= Union and Hudson Counties 3-7 ft " The ten top high-water events
= Essex and Bergen Counties 2-4 ft at lower Manhattan
= QOcean County 3-5ft 12 (NYC/Battery Park, 1900-2012)
= Atlantic, Burlington, and Cape May Counties 2-4 ft T
Connecticut Rhode Island E
3
Westerly
N 48-3.8 32 3295 é y
orm surge
4.1 3_4Slamfg;d § v
3 s R‘”°’“3°£’37 = fraction of high water
Bronx 3.7 2 §| a‘m'ibutan HEEJS&B
52 Hempsted 3.4 § level rise since 1900
rooklynh 4.3 @6 4.3-56 E
Edison S
E tide level
£
z
Toms River: Inundation (ft)
® lessthan 3t
® 3to4dft
® 4to5ft
: ® 5to6ft
a9 :::1; oo (Graphic Credit: USACE)

® greater than 8 ft

(Graphic Credit: USACE)



S a n d y Graphic credit: “The Value of Coastal Wetlands for Flood Damage
weend Reduction in the Northeastern USA”, Narayan et al. (2017)
NNBF shown to reduce damage
A3 ‘:
*  NRC advocates consider the full spectrum of options
available o
* USACE calls for integrated approach to risk management e
that draws from the full array of available measures B
A
*  “The Value of Coastal Wetlands for Flood Damage %o Ly o
Reduction in the Northeastern USA”, Narayan et al. — F o B <50
(2017) “ ¥ — s
w B 500 -25
+  Wetlands avoided $625 million in direct flood damage — =“::::_:°
during Sandy E e
*  16% average reduction in annual flood losses by Salt r" :5:95
Marshes = ’ W sto10
a B 101025
* i > B 251050
€ B 50 0 100
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Comparison of Pre-Sandy Beach Profiles
(Profile Data from Stockton University Coastal
Research Center)
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GP 24

NJ Living Shoreline General Permit

= Originally released in 2013 as GP 29

= Projects must have the endorsement of a “sponsor” with experience designing and implementing
living shorelines projects.

= Projects must have a reasonable likelihood of success unless they are constructed as a research
project with a university partner.

= The project area below the mean high-water line must be one acre or less unless the applicant is a
county, State or Federal agency that demonstrates the necessity of a larger project.

= Projects must minimize disturbance to special areas as defined in N.J.A.C. 7:7-9, unless the
proposed activities are deemed sufficiently environmentally beneficial as to outweigh the negative
environmental impacts of reduction.

= Projects intended to restore an existing shoreline must limit fill to the footprint of the shoreline
shown on the applicable Tidelands Map, except for structural components intended to reduce wave
energy.

4 STEVENS INSTITUTE of TECHNOLOGY 19



NJ Living Shorelines Engineering Guidelines
Developed by Stevens for NJDEP

 Releasedin 2013; revised in 2015 & 2022

e Objectives Living Shorelines Project
*Provide guidance to engineers and regulators on the T T |
eng|neer|ng Components Of l|V|ng shorellnes System Hydrodynamic | Terrestrial | Ecological Additional
. . A
« Ensure consistency with GP 24 (N.J.A.C. 7:7-6.24) Alternative Selection
* Reduce the number of failures due to poor v
. . . Conceptual Design
englneerlng/COHStrUCthn
N/
VT 12/3 lysi
¢ Intended to be a lIVIng document Select System Select Hydro Lrvseelect/Teir::ia\lfsisSelect Ecological [ Select Additional |
N
° ApproaCh Final Design

- Identify factors relevant to living shoreline design
* Describe approaches for determining those parameters
» Provide guidance on alternative selection

*  Provide example applications of those parameters to
design

* STEVENS INSTITUTE of TECHNOLOGY



Time Travel...

The Past Sandy “Present”
&
<’ -
X oy O
& Q o
Q & ~/

&

Q N
& QD

g 9 ¥ &£

Q S Qgcff

* STEVENS INSTITUTE of TECHNOLOGY



Google Earth Imagery

Berkeley Island

- Ta
-

s JohmiCyBartlett
e *ﬁ- =b

« Site characteristics:
* Erosion Rate: 1-3 ft/yr

« Estimate Wave Heights: 0.5-1.5
ft

- Tidal Range: < 0.5 ft P e e gy Y LS
- Beach type: Marsh 5
* Region: Barnegat Bay

« Original design: segmented rock sill

* Final design: linear stone/bulkhead

sill
i"/ . \ QA iy
John C: Bartlett, JriCounty, Park,at‘Be'r'keleyllswr)d”' 7

RATUR DO T
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Google Earth




Berkeley Island
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Gandys Beach

+ Site characteristics:
» Erosion Rate: 4-8 ft/yr
+  Estimate Wave Heights: 0.5 — 3 ft
- Tidal Range: >6 ft

+ Beach type: Marsh and sand
* Region: Delaware Bay
* Design: Oyster Castle Breakwater
* Complex
*  Mostly submerged (60-80%)

4 STEVENS INSTITUTE of TECHNOLOGY
24




lowa Court

+ Site characteristics:
* Erosion Rate: 2-10 ft/yr
* Estimate Wave Heights: 1-4ft
- Tidal Range: ~ 3 ft
* Beach type: Marsh
* Region: Barnegat Bay

* Design: Sill with bulkhead
spine & fill

« No water behind sill except
during storms

“ ‘echnologies

Google Earth Imagery

Imagery Date: 4/6/1995 Imagery Date: 5/20/2019 39

Imagery Date: 6/27/2022 39°32'37.41" N

4 STEVENS INSTITUTE of TECHNOLOGY
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lowa Court
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Forked River Beach

 Site characteristics:
» Erosion Rate: 2-8 ft/yr
« Estimate Wave Heights: 0.5-3ft
« Tide Range: < 0.5ft
» Beach type: Sandy
* Region: Barnegat Bay
» Design: HESCO basket breakwater

« Varied angles and gaps

*  Rock interior with shell veneer

~ ._J R o - |
ate: 3/28 30049'18. 72" | o209 Imagery Date: 4/25/2013 39949'19.28
ImageryjDateJ3/28741995  39°45'18.72"N  74°09 920 agerylDate: 6/28/2021  39°49'19.02" N 74°09'42.



Lighthouse Center

« Site characteristics:

Erosion Rate: 1-4 ft/yr
Estimate Wave Heights: 0.5-2 ft
Tide Range: ~0.5 ft

Beach type: Marsh

Region: Barnegat Bay

* Design: WAD sill/breakwater

Emergent

* STEVENS INSTITUTE of TECHNOLOGY

for Natural Resource Education
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Money Island

Shoreline Restoration

(Slide courtesy NJDEP Bureau of
Coastal Engineering)

= Description: 1st in the nation effort
utilizing FEMA HMGP funds for
shoreline/habitat restoration

= Goal: Create horseshoe crab
spawning and red knot foraging
habitat

= Date Completed: 2022

= Total Cost: $957k (Shoreline
Restoration ONLY)

= Cost Share: 100% FEMA

¥ FEMA
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Money Island Shor¢ ')_ne Regtoration

3 2021
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Time Travel...

The Past
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Tool Development

Incomplete list

Living Shorelines Engineering Guidelines (2022 Update Soon) —
Stevens

Restoration Explorer — TNC

Wetland Assessment Tool for Condition and Health (WATCH) - PDE

New Jersey Coastal Ecological Restoration and Adaptation Plan
(CERAP) — Rutgers/NJDEP

Mid-Atlantic Coastal Wetlands Assessment (MACWA) - Multiple

A Community Resource Guide for Planning Living Shoreline Projects

CERAP Survey Data Collected

« Bistate agency

+ Quasi-Public PSEG EEPsite
Other
~[% CERAP Nominated Areas of Interest
. iState: Zoomto

I Muttiple_Owners

Municipal

o cer

Faderal
NGO Move up

W Friete

By Bistate sgency

CERAP LargeAreas
LergeAreas

[} Show item details

View in Attribute Table

New Jersey — Multiple

A Framework for Developing Monitoring Plans for Coastal
Restoration and Living Shorelines Projects in New Jersey — TNC

Building Ecological Solutions to Coastal Community Hazards — NWF

Ecoshorelines on Developed Coasts Guidance and Best Practices —
Stevens

* STEVENS INSTITUTE of TECHNOLOGY

Coastal Resilience New Jersey

Living Shoreline

Cape May

T |

1. Select the shoreline type
© Tidal Marsh

Forested, Beach, or Bulkhead

L & A &k =

2. How would you like to view results?
© show All Techniques in One Map

Click on individual squares on the map to see how many of
the techniques are appropriate for that area.

Show Information on Individual Techniques

N /4
/,
Cape May City . &

Philadelphia 4

Trenton

ol gwion

Find address or place

Cape May City has 25 miles of shoreline. Zoomin X e
to see which shoreline enhancement techniques
apply here o
4]
Peein,

Municipalities
Number of tidal marsh shoreline edge
techniques that are applicable
[ K
(WE]

@s

Oa

@s
| Combined Marsh Shoreline Points
g e

2

o s w
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NJ Living Shorelines Engineering Guidelines

2022 Update

« Adopts simplified IGNNBF terminology (design phases)
* Scoping Phase is added — Tools

* Adaptive management discussion is added

* Research gap appendix added

« Design parameters, conditions, and ranges updated

« Joint-planted revetment and reef ball specific sections
have been removed

+ Alternative substrates addressed under living reef section

+ Vegetation addressed in developed coast document

* STEVENS INSTITUTE of TECHNOLOGY

New Information Discovered

—

A B
- \
/ \
¥ ~—>| Implementation |—*| Operations
A
e
Marsh Sill Breakwater Living Reef
System Characteristics
Erosion History Low-Med Med-High Low-Med
Sea Level Rise Low-Mod Mod-High Low-Mod
Tidal Range Low-High Low-High Low-Mod
Hydrodynamic Characteristics
Wind Waves Low-Mod Mod-High Low-Mod
Wakes Low-Mod Mod-High Low-Mod
Currents Low-Mod Low-High Low-Mod
Ice Low Low-High Low
Storm Water Level Low Mod-High Low
Terrestrial Characteristics
Upland Slope Mild-Mod Mod-Steep Mild-Mod
Shoreline Slope Mild-Mod Mild-Steep Mild-Mod
Width Mod-High Mod-High Mod-High
Nearshore Slope Mild-Mod Mild-Mod Mild-Mod
Offshore Depth Shallow-Mod Mod-Deep Shallow-Mod
Soil Bearing Mad-High High Low-Mod
Ecological Characteristics
Water Quality Poor-Good Poor-Good Good
Soil Type Any Any Any
Sunlight Exposure Mod-High Low-High Mod-High

36



Scoping Level Analysis

Replaces “Level 0”

*  TNC Restoration Explorer

Wetland Assessment Tool for Condition &

- PDE WATCH tool Health (WATCH) v 2.0

A user's guide for operating WATCH v 2.0
. CERAP including definitions, data input, interpreting

outcomes, and training scenarios

romen 0
River vyl
7 Streets ¥
Wegpn, { Unpre
13 R o L] By :
_ ¥ Partnership for the
% i DELAWARE
B
I How each restoration technique meets the Tidal Range condition -
| d - Which Environmental Conditions are Met in this Area? || ESTUARY
| Environmental | Nature- Ecoliaisalh
parameter Based Living Reef , gleally Living Reef Breakwater March 2020 _
S Livia Bt Marsh Sill Enhanced Breakwater _
il d Revement Shoreline Change Rale: Yes - 1 feetlyear A publication of the Partnership for the Delaware Estuary—A National Estuary Program
thresholds Shoreline § Nk el
Tidal Range: Yes - 1.2 feet w0 orEremer
[ 0-21t Yes Yes Yes Yes Yes Salinity: Yes - 27.8 ppt i
! Wave Height: Yes - 1.7 feet
| zan Yes Yes Yes Yes ves oo Caver:Yes-Low e~ ‘
! . . . . ; . Shoreline Slope: Yes - 4% o ,
o No No Bs '8s " & &
| Neatshore Siope: Yes - 3% ‘ | e,
- G- o Moores Beach Complex
| >6ft No No No Yes Yes Total Conditions Satisfied: 7 Py | "
ASite Name Thompsons-Moores Bea
Complex 5
" Meahsis Thompsons Beach Resto | ;
Park

American Littoral Society

Cap
Mot
Wikdide

vidide
mw?

Shane Godshall

shane@littoralsociety.orc
n NGO

Stockton CRC
Wildlife Restoration Partr
USFWS

LJDEP/NJDFW. Beaver Swamg
Zoomto

* STEVENS INSTITUTE of TECHNOLOGY



Additional Considerations

- Adaptive management
* prevents overbuilding at the design phase
+ reduces upfront costs by allowing management of unknowns over time
+ provides flexibility to adjust project goals over time as the needs of the site change
* But requires project monitoring and an open regulatory environment
- Beneficial reuse
« Consideration of 1977 tidelands line (N.J.A.C. 7:7-6.24)
« Consideration of existing sediment size requirements (N.J.A.C. 7E-4.8)

« Coarser sediments typically placed along the edge with finer sediment placed on the interior/platform

* STEVENS INSTITUTE of TECHNOLOGY



Introduce

Ecoshorelines on Developed Coasts

Guidance and Best Practices

Sister document to NJ LSEG

alternative
materials

Allow light
penetration

Review of Existing Guidance
Waterfront Edge Design Guidelines (Waterfront Alliance)
International Guidelines on Natural and Nature Based Features for Flood Mitigation

(USACE)
« Case Studies
* Harlem River, NY
* Sherman Creek, NY
B kl B d P k NY Preserve Natural Areas
. rooklyn Bridge Park,
Increased Surface Roughness
: Seattle Seawa“’ WA Alternative Materials
° Lardners POint, PA Reduce Slope
. San DlegO, CA Increase Sinuosity
Allow Light Penetration
Increase Water Retention
Resilience/Adaptability
Monitoring and Assessment

IGNNBF

Har[em Rive,
S
herman Creey

B
rook!yn Bfidg
&}

SearHe Se, away
[

Lara‘n@,s B
nt

San Dieg,
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Introduce
Curvature

Use
alternative
materials

Allow light
penetration
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Problem
Climate Change

Site D: Percent Reduction vs Breakwater Freeboard

100 oy
i R IR S IR I X1 AT
2 S :t> LR e .--. ‘I_..“;* et ‘-“..-‘- G
. 60 "I, 2 _‘_"-'-.'" o !'f"‘".. e ‘:‘”"’ o O ":-— .." .
= Sea levelrise - S ATL R n ] Sy
x40 o T B gy ‘
= More frequent and intense storms § = PR TN ST AT o
o S s, et
= Feedbacks g o : S
« Deeper water - larger waves 5 2
+ “Modification” of wave attenuation $ 40
associated with natural and engineered -60
fe atU 'es -80 Summer 2019 & d 1
. . - Winter 2019 submerge emergen
- Potential loss of habitat/natural wave 100 | . - . -

attenuation

Freeboard [m]
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Potential Solutions

Wider Adaptable Structures C=H,/H; = JEJE;
= Wave attenuation is a function of relative
crest height and structure width B
= Solution 1 - build taller structures Hh (Fb 0t} 4 HiHworH.)
A== sWL____~~  \ R. %

- results ininitially overbuilt structures that are T % '
more costly, unnatural, and that often provide ’ /—\

less in terms of ecosystem services

= Solution 2 — build wider structures

- provides similar wave attenuation as taller
structures, more closely mimic natural reef SMALL CRESTED
systems, and can be adapted by adding
additional layer(s) of stone

- Difficult to permit (currently)

FILLMATERIAL (NOT SCALED)

Dn50 = 2 FT (R¥ RIP RAP)

rRC=175FT '_.4 |_—|'7/ A5 FT

|—Dn50 = 0.9 FT (R4 RIP RAP)

=

A==

ADAPTABLE LARGE CRESTED/FI LL MATERIAL (NOT SCALED)

rRC=175FT Dn&0 = 2 FT (R7 RIP RAP)
—8F——1¢ warr

E fDnSO =09 FT (R4 RIP RAP)

= =
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Potential Solutions

Adaptive Designs

= Plan for active and inactive structures
and transitions

n 1 e T St

Figure 2. Plan view of the proposed Links Island with section inset. Courtesy of CUES.
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SEED MIX
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12" DIAMETER STONE SCOUR
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2' DIAMETER
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Summary

We’ve come a long way, but the journey continues

* Past * Challenges
« DELSI & NJDEP whitepaper +  Document/learn from constructed projects
* Sandy « Continue to evaluate permitting process
*  General Permit 24 & LSEG * Wider structures?
. “present”’ + Adaptive management?
- Tools & Projects — dozens * Improve Design Guidance
- Future + Traditional and developed shorelines

- Updated “traditional” design guidance * Consider wave power

- New guidance for developed shorelines * Resilient Design

- Challenges ¢ Climate and other
« Adaptive management

« Habitat transitions
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Questions?

Stevens Institute of Technology

1 Castle Point Terrace, Hoboken, NJ 07030

Follow us on Instagram and Twitter:
@StevensCoastal




