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EXECUTIVE SUMMARY

Increasingerosionandinundationof coastalvetlandsacrossNew Englanddueto sealevel

rise and storms threatens property and valuable natural resources. Historic practices of
hard revetments and seawalls have limited effectiveness and may exacerbate erosion,
destroy intertidal habitat, and alter sediment transport patterns. és@ thasons, hard
structural solutions are not permitted in many environmenrsalhsitive coastareas.

In the Mid-Atlantic and Gulf of Mexico states, there have been a number of applications
of naturebased restorative approaches that include someioatidn of biotic natural
medialike oystershell, naturalfiber, marshandnativevegetatiorplantings,andthe useof

large sand envelopes or stone, sometimes seeded with live shellfish. These installations
aredesignedo protectpropertyandpreventerosiorwhile improvinghabitat waterquality,

and ecological condition in a way that appears natural and is consistent with the character
of coastal communities and uses of shere.

While these #Aliving shorel i neorthgast,aaod i ce s
practitioners have had limited experience in New England, the Coastal Zone Management
Agenciesof thefive New EnglandcoastaktatesandtheNortheasRegionalOceanCouncil
(NROC)partneredvith TheNatureConservancyindera grantfrom the NationalOceanic

and Atmospheric Administration (NOAA) to conduct an assessment of the State of The
Practice on Living Shorelines and provide considerations for their application along the
coast of NevwEngland.

Forpurpose®f thisassessmenthetermliving shorelinerefersto a setof coastalerosion

control practices, ranging from natructural vegetated approaches to hybrid hard
structural/restorativeaturalmethodsthataddres®rosionandinundationin amanneithat
improves or protects the eogjlical condition of the coastliheLiving shorelines are a
coastal subset of a larger group of green infrastructure practices, which include a greater
rangeof naturebasedechniquegor inlandareaghataddresstormwatercontrol, nutrient
retention, and habitat enhancement in place of infnastructure.

This report provides a range of practical considerations for property managers, regulators,
coastal municipal leaders, scientists and practitioners, who are interested in raglvanci
living shoreline policies and practices. The living shoreline profiles provide an overview
of the techniques, conceptual designs, case studies, siting characteristics and design
considerations and regulatory and review agencies that oversee the deddjinanally,

an applicability index has been developed for common living shoreline types in New
England. It is intended to serve as a guide for the development of regulations and policies
to explicitly incorporate these approaches into the coastal maeaggrograms of the

respective states and New Englandds coast al

The NOAA definition: HAA living shoreline is made

natural vegetation or other living, natural soft elements alone or in cornolpingth some type of

harder shoreline structure, like oyster reefs, rock sills, or anchored large wood for added stability.
Living shorelines connect the land and water to stabilize the shoreline, reduce erosion, and provide
ecosystem services, likevalud e habi tat, that enhances coast al
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Acronyms
LS Living Shorelines
MHW Mean highwater
MLW Mean lowwater
NERACOOS Northeastern Regional Association of Coastal and Ocean Observing
Systems
NOAA National Oceanic andtmosphericAdministration
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TNC The NatureConservancy
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1.0 INTRODUCTION

As part of the National Oceanic and Atmospheric Administration (NOAA) Griagit
Resolution Coastal Inundation Modeling and Advancement of Green Infrastructure and
Living Shoreline Approaches in the Northeast, Track 2: Advancing Green Infrastructure
and Living Shoreline Approaches in the Northeadte Nature Conservancy (TNC)
contracedWoodsHole Groupto completeTaskl i Increaseunderstandingfapproaches

in region by eobtkedoctethnongoaanatgses of | iving
green infrastructure practice/project types, applicability, and performaibe. overall

NOAA Grant is administered by the Northeastern Regional Association of Coastal and
Ocean Observing Systems (NERACOOS) and Northeast Regional Ocean Council
(NROC).Regulatorspractitionersandnon-profit expertsn living shorelinegtheé T e p mo
provided input during multiple workshops. Woods Hole Group and The Nature
Conservancy facilitated the meetings and prepared this report using input from the Team
and data and findings from numerous living shoreline (LS) compilationgubidations.
Members of the Team are acknowledged in SediOn

1.1 PURPOSE OBTUDY

The goal of the Track 2 effort te develop tools, information and approaches to support
sound decisions for the expanded implementation and innovation of green
infrastructure/living shoreline approaches to increase coastal resilience to erosion,
flooding, and storm impacts in the Northeale purpose of this study is to increase the
undersandingof LS designssiteapplicabilityandperformancen theNew Englandregion

t hr ou g hof-thesfcsiteantcee 0 anal ysis. This report dr a
literature, expert input and compilations of living shorelines practices acrotmifesl
Statesandprovidesa setof designprofilesthatcompilephotosillustrations,designnotes,
maintenance considerations, site suitability factors and regulatory overviews for different
LS designs. Compared to work in the nitlantic region, NewkEngland is early in the
process of LS application. This effort builds off of the work completed by many teams in
New Englandsuchasthe NROC CoastaHazardsResilienceCommitteeliving Shorelines

Group, the Massachusetts Office of Coastal Zone Manage8tentn Smart Coasts
programandthe SystemdsApproachto Geomorphid&ngineering SAGE),andprovidesan
overviewof LS designsaaccountingor uniqueregionalsitechallengessuchasice andcold
temperatures, rocky coastal environments, large tidal ranges, and other unigue conditions.
The goal of this document is to inform practices polities.

1.2 TARGETAUDIENCE

This report is developed for regulators, planners, practitioners, conservadiderd,
academic researchers, coastal land owners and anyone seeking a sunu8gmactices

in New England. The report was developed to be accessible to a broad range of interested
groups. Theprofile pagesaddvalueto sitevisits, andtheapplicability indextool canassist
planners with the difficult task of matching designs with site characteristicsS@et®ons

3.0 and 4.0). Together, these tools have been designed to facilitate communication among
thepublic,regulatorspractitionersandresearcherandto provideacommonstartingplace

for more detailed design discussiongditow.

Living Shorelinesn NewEngland 1 July2017
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1.3 LIVING SHORELINES DEFINITION

Forpurpose®f thisreport,thetermliving shorelineefersto asetof coastakrosioncontrol
practices, ranging from nestructural vegetated approaches to hybrid hard
structural/restorativeaturalmethodsthataddres®rosionandinundationin amannethat
improvesor protectshe ecologicalconditionof the coastline LSsarea coastakubsebf a
largergroupof greeninfrastructurgracticeswhichincludeagreaterangeof naturebased
techniquedor inlandareaghataddresstormwatercontrol, nutrientretention,andhabitat
enhancement in place of handrastructure.

The team understands that the preferred terms and definitions vary across agencies and
practitioners and that these preferred terms can change over time. This definitiongs in li
with the LS definition developed by NOAA:

A living shoreline has a footprint that is made up mostly of native material. It

i ncorporates natural vegetation or other
combination with some type of harder shorelstructure, like oyster reefs, rock

sills, or anchoredarge woodfor addedstability. Living shorelinesonnectheland

and water to stabilize the shoreline, reduce erosion, and provide ecosystem
services, like valuable habitat, that enhances coassdience

The LS designs summarized in this report include:

1) Dune Restoratio(Natural)

2) Dune RestoratiofEngineered
Core)

3) BeachNourishment
4) Coastal Bank ProtectigiNatural)

5) Coastal Bank Protection
(EngineeredCore)

Dune Restoration (Engineered Core) in S. Kingston,
Photo courtesy of Janet Friedman (RI CRMC)

6) Natural Marsh
Creation/Enhancement

7) Marsh Creation/Enhancement (w/T®mtection)

8) Living Breakwaters

2.0 PERSPECTIVES ON NEW ENGLAND LIVING SHORELINES

The curent analysis focused on compiling information from the many existing resources
and current thinking from experts working on living shorelines in New England through
the development of a statd-the-science summary, centered on a set of LS design profile
pages. Findings from existing resources and a series of interviews fueled the development

Living Shorelinesn NewEngland 2 July2017
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of the profile pages, but also provide an opportunity to reflect on living shoreline
applicationsn NewEngland Althoughthisfield of LSsis currentlyevolving,andanactive
discussioraboutimplementations still ongoing,thisreportprovidesacurrent(asof 2017)
summary of the perspectives on design and implementation trends and the challenges and
opportunities oL.S development in New Eglandtoday.

There is general agreement that LSs are an important tool for protecting sensitive coastal
areas in New England, because in addition to providing erosion control they also provide
a multitude of other ecosystem services, such as enhanced habitat, meetdnaatural
sediment transport dynamics, and improved nutrient retention. Because dfehefSeial
services, LSs are a regular focus of coastal restoration and climate change adaptation
discussiongn theregion.Increasinglyconsideratiorof a LS alternativeis requiredbefore

a hardened design will be allowed by state regulators. While there is general agreement
that LSs should be applied more frequently, homeowners and the public (and even some
practitioners, engineers, and regulators) express hesitation. Mispercegiiouts the
durability of the designs and lack of lotgym studies of LS applications in New England
underlie this hesitation. The supporting framework, already-@gt#blished in the mid
Atlantic for example, is continuing to be developed in New Englaids includes
standardized definitions, guidance developed based ontdomg scientific studies,
trainingonbestpracticesjncentivedor applicationmonitoringprogramrequirementsind

public education. For example, disagreements about the termgynale common and
important when the terminology is codified in permitting and regulatory requirements. As
the framework is refined, consensus is reached on assessment metrics and monitoring
approaches and case study results are communicated, thesdiadtenmdl likely gain

wider acceptance. Of course, with increased visibility and popularity,Sl@mmunity

will need to protect against those claiming to implement LSs, but proceeding without
considering engineering principles and peer revieapgutoabes.

With agreementhatLSscanbeanimportantandappropriateool for coastabprotectionin

New England and the increasing consideration and implementation of LS projects, the
experts and sources consulted for this report emphasize the importanagchinmthe
designwith thecharacteristicef agivenprojectsite. If aLS designis notagoodfit tothe
characteristics of the site, it will not succeed [4, 7, 10, 16]. A number of squesented
guidance for site selection, design selection, or both. The design guidance developed by
the Stevens Institute emphasizes the importance of siting criteria and following a clear
stepwise approach when selecting a site and design [7]. This appnocaaes system
parameters (erosion, sea level rise and tidal range), ecological parameters (water quality,
soil type,sunlightexposure)hydrodynamigarametergwind waves wakes currentsjce,

storm surge and terrestrial parameters (upland slopeelste slope, width, nearshore
slope, offshore depth, soil bearing capacity) [7]. The authors also recommend considering
the permitting process, the end effects of the project, construction feasibility, balance of
native/invasive species, debris impactsd amonitoring [7]. Similarly, Cunniff and
Schwartz (2015) provide deskgpecific criteria such as the strengths and weaknesses of
different designs, how a design reduces risk, uncertainties, siting considerations,
performance factors, climate consideraipand research needs for a range of living
shoreline types [10]. Maryland Department of Natural Resources with NOAA and the
Natural Resources Conservation Service also provide a guide to LStifib]. To

Living Shorelinesn NewEngland 3 July2017
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incorporatehisimportantconcepttheuseof key siting criteriaandapplyingthosecriteria

to design selection are integrated into the profile pages and applicability index associated
with this report, and capture the unique challenges facBgmplementation in New
England

Another key theme that resonated throughout the existing literature, as with the expert
interviews, was the added benefits that LSs could provide. The benefits of LS use in New
England are the same as those in other regions and include shorelineigoraadt
stabilization, habitat improvement, provision of expanded ecological services, such as
essential fish habitat and carbon sequestration, maintenance of natural coastal processes,
enhance@estheti@andpropertyvalues,educationabpportunitiesandimprovedsediment
transport, water quality and resilience [2, 11, 12, 16]. LSs allow ecological processes to
continue building resilience as the components of the design mature, essentially areating
selfsustaining design. Because they are designeddrthe ecological processes found

in an arealS designs have less impact on neighboring properties thainfr@astructure,

such as stone revetments, which can dramatically alter sediment transport processes and
increase erosion on neighboring sites. I&giwal services include improved habitat for
wildlife such as nursery and foraging areas, carbon sequestration and natural buffering of
runoff and the nutrients, chemicals, and suspended sediments that are transported in the
runoff. Many consider the aésttic value of LSs as better than that of gray designs.

terms of adaptation to the impacts of climate change, if sited well, LSs can migrate and
naturally adapt to changing water regimes. Initial construction costs of LSs are less costly
than hardenedotutions [3], but total costs (including lofigrm maintenance) should be

fully considered before implementing any shorepngject.

Although with themyriad of benefits provided by LSs, there are also a number of
implementation challenges cited repeatedly in the existing literature. Some of the
challenges of implementing LS are consistent across regions such as lack of funding
(particularly for long tem monitoring and maintenance) limitations on available coastal
areassuitablefor LS, lack of publicawarenesanddistrustaboutthebenefitsof LSs[2, 3].

Other implementation challenges are unique to New England. Because LSs are a more
recent technigel considered for shoreline protection in New England, the permitting
process can be more challenging and uncertain. Regulations may be new, undergoing
revision, or norexistent, in addition to the fact that they may vary from state to state, and
the reviewprocess can be tim@nsuming. In addition, LSs in New England do not have
alonghistoryof implementatiorandmonitoringfrom whichto learnandadapt LS designs
havebeenusedn otherregionsfor manyyears butthe performancelatafor thosedesigns

Living Shorelinesn NewEngland 4 July2017
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may not inform how well a design will do in New England. Field analyses for extended
periods are necessary to understand how well a design performs [11]. The lack of data on
the performance of different designs and applications limits the opportunity ddymo
design [5]. Depending on the typeld® and the site, harsh weather conditions (e.g. ice),
shorter growing seasons and large tidal ranges can also impact the viability and resilience
of the LS designs [4, 5]. Ice and the shorter growing season (lowgger) can have
noticeable impacts on a LS design, including ice damage to plants, ice damage to oysters
in reefdesignsincreaseglantlossduringthewinterfrom bird herbivory,increaseavinter

storm impacts, and a shortened growing season Ifidfdition, climate change impacts,

such as sekevel rise, increased storm intensity and increased temperature variaflility,

also affect the success of LS designs. These threats are not only to therhomgability

of thedesign putalsoposeauniquechallengeduringthe constructiorandimplementation

stages [14].If design components that require multiple seasons to establish are not
protected by other design elements during development, the overall project may fail [14].
Although specific actionto minimize these potential impacts are not required in current
regulationsgrantsolicitationsfor LSsandstandargracticesncludecarefulconsideration

of the threats presented by a changing climate to a site antthesign. For instance,
consideation of whether &S can migrate as sea levels change or the resilience of plants
to more frequent salt water inundation are a few current climate chelaged
considerationg projectdevelopmenandsiteselection Also, in the caseof afrontal dure
restoration, the project location should consider the storm tide elevation [9]. The public
perception that LS designs are |l ess resilie
approach not only reinforces the need for more communication and nmogitout may

also impact opportunities to implemetg projects in the futurdt is, therefore, crucial to
carefully consider and address these challenges prior to constructiny ejécs.

Marsh Creation w/Toe Protection, Portsmouth, NH
Photo courtesy-of:David Burdick (UNH)

Responses from those interviewed, as well as other available resources, mumeadeus
recommendations to ensure that living shorelines succeed in New England. For instance,
since vegetation is a central componeht LS design, plant selection, preparation and
maintenancavill all determinevhetheradesignsucceedsr fails [16]. Selectionof robust

native vegetation(e.g. salt tolerant,extensiveroot mat, survivedry 1 wet periods,etc.)

Living Shorelinesn NewEngland 5 July2017
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including shrubslya frutescensand Baccharis halimifolia)ensures that the plants will
survive and meet the habitat i mpr ovement an
American beach grasaihmophila breviligulatais most commonly used to build raies,

and fencing is also used in conjunction with the vegetation to trap sand while the newly
planted beach grass establishes [9]. Also, initial site preparation work can provide the
foundation for successful plant growth and might include using natbed filankets to
stabilize an eroded area and allow plants to establish [5]. Upland areas adjaceh6to the
also benefit from planting of native vegetation, e.g. shading out invasive species [14]. For
project locations at or below mean high water (MHW)ngiaLS in an area with gentle
slopes, the use of more resilient vegetation (i.e. shrubs), and including physical protection
(e.g. logs, roughened surfaces) to encourage establishment can limit the impact of ice [4,
8]. Those interviewed recommended tphedject plants be grown offsite (pstarted) and

that planting should occur in the early spring to allow more time for the plants to mature
and establish prior to the first winter. Irrigation may also be required [5]. Finally,
monitoringandmaintenancesuchasreplacingplantsthatdo notestablishyill ensurehat

the system continues to function effectively even if there are some initial losses. Because
of the unique challenges in New England, these monitoring and maintenance practices are
particulaty important[5].

Dune Restoratlon (Natural) Saco ME e
Photo courtesy of Pete Sl insky (ME Geologlcal Survey) R

Experts also provided a series of other recommendations to ensure the success of a LS
project. For instance, in areas of high wave energy, reef balls have been successfully used
in LS designs. They provide habitat, can serve as a break on wave energgnand c
withstand some moderate icing. Sills can also increase the resiliency of LS. Additionally,
using a heterogeneous grain size in beach nourishment projects is recommended. Like
wave action, ugradient stress can also imperiL8 project. For example, noff can
destabilize aLS project and should be managed to prevent erosion. Finally, although
definitions and opinions vary regarding whether hybrid designs still classify as living
shorelinestheycanbeusedto increaseesiliencen LS design.Mostimportantly,adesign
well-matchedo thesitecharacteristicsvill havethebestchanceof overcomingheunique
challenges presented in N&mgland.

Living Shorelinesn NewEngland 6 July2017
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All of those interviewed, as well as the background literature reviewed, emphasized the
challenge presented by the unpredictable and-tiomsuming permitting process. The
regulating entities vary by state, and often include multiple agencies withinle siatg,

with varying requirementst is therefore unsurprising that collaboration armksagency

and -state communications were raised as important components of successful LS
implementation [5]. Uncertainties in permitting a LS design can extenditpegm
timelines, resulting in the misleading conclusion that gray infrastructure is cheaper,
because the permitting process is more predictable and streamlined for gray designs.
However, there is currently a regulatory shift underway in favor of LS design
permittingprocesghatis transparenandpredictablevill benecessario encouraggreater
investment irLS projects.

With this shift, it is likely that public misperceptions can be countered with emphasis on
success stories, longer term monitoring results, more accurate accounting of costs and
benefits and an increasingly predictable permitting process. Although LShslemig
aesthetically more pleasing to many, there is a predisposition to view natural designs as
lesseffectivethanacementwall. Thechallengen shiftingtheseperceptionss to properly
accounfor all theecosystenserviceprovidedby LSs,aswell asall thecostsandpotential
adverse impacts of the alternative gray infrastructure designs. The key is to objectively
and fully account for all the costs and benefits of LSs, gray designs and a no action
alternative. Establishing broadly accepted assessment metrics isamgcies evaluate
success ovdime.

Althoughnotuniqueto New England expertsagreehatdevelopinga standardnonitoring
approach for evaluating the effectiveness of a LS, as well as clear expectations-for long
term maintenance are central componénthe expansion difS in this region. With the
uniquechallengedacingLS in New England,t is importantto identify andremedyissues

earl y. Since | oss of pl ant s i's one of t he
monitoring followed by targeted p&anting until the plants fully establish, can increase
project success. Some designs may require more maintenance than others. A dune
restoration or beach nourishment may require periodic sand additions [9]. This does not
mean that a design is failing, bbonly that living shorelines require maintenance to
maximize resilience. Monitoring can also be valuable when quantifying benefits of
ecological services provided by a LS. Observations through time can identify changes in
species diversity, general habiteealth and extent, visual/aesthetic changes and erosion
control effectiveness. If a standard monitoring approach can be developed, then
comparisons among LS projects can inform future design adaptations. Building from this
backgroundndoverallperspedve onLS in New England thesectionghatfollow present

the living shoreline design profiles and applicability inéiow.

Living Shorelinesn NewEngland 7 July2017
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3.0 PROFILE PAGES

A primary goal for this project was to develop profile pages for different living shoreline
types that highlight site selection criteria, design criteria, case studies, and regulatory
considerations. The profile pages are developed to improve understardiiferent

living shoreline designs. They are designed to facilitate communication amagungptie
regulators, practitioners and researchers and provide a common starting place for more
detailed design discussions to follow. They are one of manyneesoavailable to those
interested in coastal resilience. The layout provides a printable page that can be used in
the field or office. The format captures the primary focus areas required to identify the
designs that are a good fit for a specific siterghmay be a number of options). The user

is presented with specific site characteristics, conceptualization of the design, the
challenges and benefits of different designs, identification of the regulators involved in
approving a design and an illustratiof how all of those components come together in a
case study. These profile pages are expected to be updated periodically as more data are
available. These profile pages should not take the place of a more comprehensive site
evaluation and design procebsit will help to further engage stakeholders exyerts.

One of the initial challenges for this task was to develop the list of living shoreline types
that would be used. A review of various studies and compilations revealed that a variety
of differentnamesandtermsareoftenusedo describeessentiallfhesamelS designtype.

This required combining names of different living shoreline types into similar categories.
A secondandultimatelymoredifficult challengewasdevelopingconsensusenhow many

living shorelinedesigntypesshouldbe highlighted. We collaboratedvith alargegroupof

living shorelineexpertancludingregulatoryrepresentativelsom all coastaNew England

states (see Section 6.0). Multiple workshops and team calls provided valuable details that
became part of the profiles. There was considerable discussion about whether particular
living shoreline types should be treated separately or combinechéogas one and
discussions regarding the details on each page. UltimatelizSthesign types that were
evaluated are provided in Table 1 and profitdi®w.

Living Shorelinesn NewEngland 8 July2017
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Table 1.

Profile page living shoreline types.

Profile Page Living Shoreline
Categories

Specific Terminology Used in Other Sourceg

1. Dune Restoration (Natural)

Dune nourishment

Dune restoration

2. Dune Restoration (Engineered

Avrtificial dunes

Core)

Dune nourishment

Cobble berm

3. Beach Nourishment

Beach nourishment

Cobble berm

4. Coastal Bank Protection (Naturall

Coir rolls with vegetation

Natural fiber blankets

Regrading

Natural fiber logs (or bitogs)

5. Coastal Bank Protection

Regrading w/sand tubes

(Engineered Core)

Bank stabilization with coir envelopes

6. Natural Marsh

Enhancement of marsh

Creation/Enhancement

Creation of coastal wetlands

Fringe marsh creation

7. Marsh Creation/Enhancement
(w/Toe Protection)

Fringe marsh constructed with oyster or musse
shells

Fringe marsh constructed with blogs

Marsh sill or reef balls with planted marsh

8. Living Breakwaters

Oyster or mussel reef

Reef balls

The interview results present diverse professional opinions concerning LSs, which have
been incorporated into the profile pages. These materials are provided as informational

resources and are not meant as final design guidance, for permitting, or asorggul

guidance. The profile pages for the eight (8) LS designs listed in Table 1 are presented

below. An introduction sheet explains each component of the profile pages.

Living Shorelinesn NewEngland
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- . . A detailed profile page was created for each of the eight (8) living shoreline types listed below. The purpose of thegmgedfiis to provide a comprehensive
Living Shorelines Introduction overview of the design recommendations, siting criteria and regulatory topics pertinentatoge of living shorelines designs that practitioners and regulators car
use as a quick reference in the field or as an informational tool when educating home owners.

Living 1. Dunec Natural 5. Coastal Bank EngineeredCore Explanation of Design Overview Tables
Shoreline 2. Dunec¢ EngineeredCore 6. Natural MarshCreation/Enhancement
3. BeachNourishment 7. Marsh Creation/Enhancemeny/Toe Protection Materials A description of materials most commonly used to complete a living shoreline proj

Types 4. Coastal Bank Natural 8. LivingBreakwater of this type.

] ] Habitat Components A list of what types of coastal habitats are created or impacted by a living shorelin:
DeS|gn Schematics project of this type.
The following living shoreline profile pages provide an example design schematic for each of the eight living Durability and Maintenance  Although specific timelines are impossible to provide in this context, general guide
shoreline types. Each schematic shows a generalized-seasi®n of the installd design. In addition, they and schedules for probable maintenance needs, and design durability are detailed
AttdAGNFOS SHOK RS&A3yQa (20rGA2y NEL{IGALGS 02 al i i Although specific design life timelines will vary by site for each living shoreline type
and any other major components of the design. It is important to note that these are not full engineering desi Design Life gnh sp 9 yby 9 yp

section provides some insight into factors that could influence design life.

and due to each sites unique f
ggccel:gogz, t? Sgr? :)r()eglrfg:nrt):lglg, Q \, m /4,;/, Ecological Services Provided This section provides an overview of the ecological services that could be providec
oped by xp . Tide Bt HighMarsh Plantod improved through the installation of that particular type of living shoreline project.
practitioner is required for all living Zone  Species Low-Marsh Species
shoreline projects. Also note that )

these design schematics are meant

Unique Adaptations to NE This setion provides any unique practices or design improvements that could be

Challenges (e.g. ice, winter to improve the performance of the design given New England climactic and tidal

Mean High Water

to provide a general concept only
) challenges.
and are not drawnd Scale Existing Topography Mean Low Water StormS, COId tempS) g
Added fill to acheive —
necessary elevations oir Logs an ellfis! —ge=
NOT TO SCALE " o T Protocton i . . | Misquamicut Beach Dune Restoration, Westerly, |
Acronyms and Definitions Photo courtesy of Janet Friedma
CaseStudy oneexamplecasestudy,with the followinginformation, is providedfor eachlivingshorelinetype. cy Cubic yards; one cubic yard equal 27 cubic feet.
P T A Project materials are often measured in cubic yard: |
Status The status of the project (i.e. design stage, under construction, or completed) and completion date if MHW I\./Iean.ngh Wate_r: The average of all the h_lgh wate
appropriate. (i.e. high tide) heights observed over a period of tin
Permitting Insights This section notes any specific permitting hurdles that occurred, or any regulatory insights that might | MTL Mean Tide Level: The average of mean high water
facilitate similar projects in the future. mean low water. Ao e
Construction Notes This section identifies major construction methods or techniques, any unique materials that were usec Mean Low Water: The average of all the low water
deviations from a traditional design to accommodate site specific conditions. MLW (i.e. low tide) heights observed over a period of tim
Maintenance Issues If the project is complete and has entered the maimance phase, this section will note whether the proje Submerged aquatic vegetation, which includes
h_as functioned _correctly, if it is holding up, and/or if any specific maintenance needs have been requir SAV seagrasses such as eelgra&sstera marinpand
since construction. _ _ -
: : ) : _ : " X T widgeon grassRuppia maritima.
Final Cost This section provides costs for the project, broken down into permitting, construction, monitoring, etc. . )
: Naturally occurring materials that have been broker
when possible.
Challenges This sections highlights any unique challenges associated with a particular project and how they were Sediment down by Weathgrlng and erospn. Finer, Sn‘glh.lne.d
handled. sediments are silts or clays. Slightly coarser sedime

are sands. Even larger materials are gravels or cob




Living Shorelines Introduction

Overview of Regulatory and Review Agencies Table

This table is intended to provide a comprehensive list of all the regulatory and review agencies that w
potentially need to be contacted for a particular type of living shoreline project. State agencies are lis
separately for each of the five coakteortheast states (Maine, New Hampshire, Massachusetts, Rhode
Island and Connecticut). Federal agencies that may need to be contacted for a project in any state ai
listed. Note that these lists represent the full range of potential agencies. Kgs@o not exceed certain

thresholds (e.g. extending below MHW, exceeding a certain footprint area) they may not be required
contact or receive a permit from all agencies listed.

- City Beach Nourishment, Wérwiclg, RES=E oS
- Photo courtesy of Janet Freedman e

Use and Applicability of Profile Pages

Theprofile pageshat follow havebeendevelopedo improvethe understandingof eight(8) differentliving
shoreline designs. They have been designed to facilitate communication among the public, regulator:
practitioners and researchers and to provide a common starting place for more detailed design discu
to follow. They are one of many resourcagailable to those interested in coastal resilience. The compar
flre2dzi LINPOARSE | LINAyidloftS mmé E wmté LI IS (K
primary focus areas required to identify which living shoreline designs are afijémda specific site (note
that there may be multiple living shoreline options for some sites). The reader is presented with spec
site characteristics, a conceptualization of the overall design, the challenges and benefits associated
each livng shoreline design type, identification of the regulatory agencies involved in approving a des
and an illustration of how all of those components come together in a case study for each living shore
type. These profile pages are expected to be updgeriodically as more data become available. These
profile pagesshouldnot takethe placeof a more comprehensivesite evaluationanddesignprocessput are
intended to help further engage stakeholders and experts in an informed discussion aboutsvaiiiog
shorelinetypes.

Explanation Key for Siting Chegteristics and Design Considerations

SelectionCharacteristics Definitions andCategories

A measure of the wave height, current strength and storm surge frequency of a site that would
be suitable for a particular living shoreline project type.
High Project site has waves greater than 5 feet, strong currents, high storm surge
Moderate: Project site has 2 to 5 foot waves, moderate currents, moderate storm surge
Low: Project site has waves less than 2 feet in height, low current, low storm surge

EnergyState

Existing Environmental
Resources

Nearby Sensitive
Resources

TidalRange

= Elevation

Intertidal Slope

BathymetricSlope

Existing environmental resources that a proposed living shoreline project is able to oweHap

CoastalBank SaltMarsh VegetatedUpland
CoastalDune Mudflat
CoastaBeach Subtidal

Nearby sensitive resources that, with proper planning and design, may be compatible with a
particular living shoreline type.

Endangered/Threatened Species

SubmergedAquatic Vegetation (SAV)

Shellfish

Cobble or Rocky Bottom Habitat

The magnitude of tidal range at a site that would be suitable for a particular type of living
shoreline design.

High Tide range at project site is more than 9 feet

Moderate: Tide range atwject site is between 3 and 9 feet

Low: Tide range at project site is less than 3 feet

The elevation, with respect to the tide range, where a particular living shoreline project type
should be sited.

Above MHW Project footprint is entirely above MHW

MHW to MLW Project footprint is located within the intertidal zone

Below MLW Project footprint is located in subtidal areas

The intertidal slope appropriate for siting a particular living shoreline project type.
Steep Project site has an intertidal slope steeper than 3:1 (base:height)
Moderate: Project site has an intertidal slope between 3:1 and 5:1 (base:height)
Flat Project site has an intertidal slope flatter than 5:1 (base:height)

The nearshore bathymetric slogpropriate for siting a particular living shoreline project type.
Steep Project site has an bathymetric slope steeper than 3:1 (base:height)
Moderate: Project site has an bathymetric slope between 3:1 and 5:1 (base:height)
Flat Project site has an bagimetric slope flatter than 5:1 (base:height)

The rate of coastal erosion at a site that would be suitable for a particular living shoreline
project type.

High Erosion at project site is high (>3 feet/year)

Moderate: Erosion at project site is moderate-8lfeet/year)

Low: Erosion at project site is low (<1 foot/year)



Dune - Natural

Dune building projects involve the placement of compatible sediment on an existing dune, or creation of an artificial lolwiferigyup a mound of sediment at
the back of the beachThis may be a component of a beach nourishment effort or a stand aiaject.

Objectives: erosion confrshoreline protection; dissipate wave energy; enhanced wildlife and shorebird habitat.

Design Schematics

Existing Dune Topography

NOT TO SCALE

Added Sediment to Back Dune Area for Dune Restoration

Planted Salt-Tolerant, Native Vegetation

Added Sediment for Dune Restoration

Mean High Water

Case Study

Ferry Beach, Saco, Maine

Relatively high beach and dune erosion (approximately 3
per year) prompted the FBPA to undertake a dune restor:
project to help protect roads and homes from flooding
erosion. Given the relatively high erosion rate, it was dec
that placingsediment for restoration seaward of the exist
dune would be shortived. A secondary frontal dune rid
landward of the existing dune crest was constru
instead, allowing native vegetationdstablish.

10N

Ferry Beach, Saco, MEX
Photo Courtespf Peter Slovins|

Project Ferry Beach Park Association (FBPA)

Proponent

Status Completed 2009

Permitting Permitby-Rule needed from Maine DEP

Insights

Construction An 800 foot long secondary dune was built to 1

Notes foot above the effective FEMA 1§@ar BFE. A
secondary dune was built because erosion of th
front dune was considered too high (>3 feet per
year) to have a successful project. 1,800 cy of
dune-compatible sedment was delivered via
truck from a local gravel pit. Construction and
planting occurred in early spring. Volunteers
planted native American Beach grass.

Maintenance Sand fencing was used to help trap sediment in

Issues the constructed dune, and to help maintain the
seaward edge of the original dune. However,
shoreline erosion has continued; as of May 201
the restored dune has started to erode.

Final Cost $29,000 and volurger hours

Challenges Trucking 90 dumyruck loads of sediment

through the community. Construction and
planting timing windows associated with piping
plover nesting. Continued erosion.

Overview of Technique

Materials

Habitat Components

Durability and Maintenance

Design Life

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.g. ice, winter
storms, cold temps)

Sediment is brought in from an offsite source, such as a sand and gravel pit or co:
dredging project.Planting the dune with native, saiblerant, erosioncontrol
vegetation (e.g., beach gradsnmophilia breviligulatawith extensive root systems is
highly recommended to help hold the sediments in pla&ESand fencing can also be
installed to trap winthlown sand to help maintain and build the volume of a dé#k.

Dunes planted with native beach grass can provide significant wildlife hdbitat.

Theheight,length,andwidth of adunerelativeto the sizeof the predictedstormwaves
and storm surge determines the level of protection the dune can proVidenaintain
an effective dune, sediment may need to be added regularly ®S LJ ReightS Q &
width, and volume at appropriate level¥he seaward slopef the dune should
typically be less steep than 3:1 (base:heightPunes with vegetation perform more
efficiently, ensuringstability, greater energy dissipation, and resistance to erosiih.
plantingswere included plantsshouldbe replacedif they areremovedby storm or die

Dunes typically erode during storm events. In areas with no beach at high tide, du
projects will be short lived as sediments are rapidly eroded and redistributed to the
nearshore! Designs should consider techniques that enhance or maintain the dune
(e.g. sand fencing and/or vegetation to trap wind blown sand).

The added sediment from dune projects supports the protective capacity of the en
beach syem (i.e., dune, beach, and nearshore area). Any sand eroded from the d
during a storm, supplies a reservoir of sand to the fronting beach and nearshoré‘a
Dunes dissipate rather than reflect wave energy, as is the case with hard strutture
Dunes also act as a barrier to storm surges and flooding, protecting landward coas
resources and reducing overwash event$Sand dunes provide a unique wildlife
habitat®

Shorter planting and construction window due to shorter growing season. Utilizatic
irrigation to establish plants quickly. Presence of sensitive species may require de
(e.g. slope, plant density) and timing adjustments.



Siting Characteristics and Design Considerations

Dune - Natural

Dune projects may be appropriate for areas with dry beach at high tide and sufficient spacg =5l EnergyState Low tohigh
to maintain dry beach even after the new dune sediments are added to the site, and can be Existi : tal _ _
done independenyl or in conjunction with a beach nourishment project. == AEllig=lioriEniel | Coasil e cousial dling; coasiel s
Resources
All. Duneprojectscanbe successfullgesignedevenin the presenceof sensitiveresourceareas.
Duxbury Beach, Duxbury, MA p However special consideration is needed near salt marsh, horseshoe crab spawning grounds,
Photo courtesy of Woods Hole Group ' = ; L B Nearby Sensitive and other sensitive habitats. Sediment can smother plants and animals if it is eroded quickly
b B Resources and carried to these areas. Impacts can be minimizeglacing dunes as far landward as

possibleandusingcompatiblegrainsizel In addition, plantingsmayneedto be thinnedfor dune
projectsin nestinghabitatfor protectedshorebirdandturtle species.®

Low tohigh

AboveMHW.Duneprojectsrequireadry hightide beach tobe successful.

Intertidal Slope Flat tosteep
BathymetricSlope Flat tosteep

Regulatory and Review Agencies

Other Characteristics

GrainSize It is importantto utilize sedimentwith a grainsizeandshapecompatibleto the site> The
percentage of sandgravel, and cobblesized sediment should match, or be slightly coarser
than, the existing dune sedimentdlixed sediment dunes may b@propriate and necessary
for some locations.The shape of the material is also important, especially for laggiment,
and should be rounded rather than angular.

Maine Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depit
Marine Resources, ME Dept. of Inland Fisheries and Wildlife, and ME Geologic:
Survey.

New Hampshire Local Conservation Commission, NH Natural Heritage Bureau, NH Department
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr

_ ImpairmentLevel Consideratiorshouldbe givento invasivespecies|evelof existingarmoring,andextent of
and NH Fish & Game Department. public use.
Massachusetts Local Conservation Commission, MA Division of Reshand Wildlife (Natural ClimateVulnerability Thelongterm climatevulnerabilityof the restoreddunewill be influencedby a numberof
Heritage and Endangered Species Program), MA Environmental Policy Act, anc factors, including what is behind the landform; if the dune/beach is backed by natural
Office of Coastal Zone Management. landscape, it will be able to respond naturally to storms and overwash and migrate over time.

Hard landscape, such as seawalls, parking lots, roads, and buildings will prevent this moveme
Rhode Island Coastal Resources Management Program. and may ultimately cause narrowing or disappearance of theseuress.
Surroundind-andUse Shorelinearmoringchangeghe lateralmovementof sediment therebyaffectingsediment
flows to nearby dunes. Therefore, any armoring adjacent to a dune restoration site needs to be
taken into consideration during the plannipgocess’Dune restoration will be most successful
if it is located where the natural dune line should be and, if possible, tied into existing &unes.

Federal (forall U.S.Environmental Protection Agency, and U.S. Fish and Wildlife Service. Dunes are not well suited for major urban centers or large port/harbor facilities because of
states) space reqirements and the level of risk reduction requir&d.

Connecticut Local Planning and Zoning Commission, and CT Department of Energy and
Environmental Protection.



Dune projects involving a core as a central design element covered with compatible sediment. This may be a componech oicaith&anent effort or a
standaloneproject.

Dune - Engineered Core

Ofectives: erosion control; shoreline protection; dissipate wave energy; enhanced wildlife and shorebird habitat.

Overview of Technique

Materials Sediment is brought in from an offsite source, such as a sand and gravel pit or co:
dredging project To be considered a living shoreline (or rsiructural) project, an
engineered core should be constructed using coir envelopes, which are coir fabric
with sand!Planting the dune with native, satiblerant, erosiorcontrol vegetation (i.e.
beach gassAmmophilia breviligulatawith extensive root systems is highly
recommended to help hold the sediments in pldééSand fencing can also be
installed to trap windblown sand to help maintain and build the volume of a ddhe.

Design Schematics

Planted Salt-Tolerant, Native Vegetation

Added Sediment for Dune Restoration

\ Existing Beach Topography

Engineered Core, Such as Sand-Filled, Coir Envelopes

Mean High Water

Habitat Components Dunes planted with native beach grass can provide significant wildlife habitat.

The core should be kept covered to increase longevity. Some repairs to the fabric,
replacement of sand, may be necessary after a storm. The core essentially functic
a backup in the event that the rest of the dune fails during a high energy evieat.
height, length, and width of a dune relative to the size of the predicted stwavesand
storm surge determines the level of protection the dune can provifiemaintain an
effective dune, sediment may need to be added regularly 6 S LJ Reiighft, Svidith,
and volume at appropriate leveld’he seaward slope of the dune should typically be
less steep than 3:1 (base:heighfDunes with vegetation perform more efficiently,
ensuringstability,greater energy dissipation, and resistance to erosfdfiplantings
were included, plants should be replaced if they are removed by storm dr die.

Durability and Maintenance

NOT TO SCALE

Three private homeowners with contiguous
properties

Case Study Project

Jerusalem Dune, Narragansett, RI Proponent
Homeowners along an eroding shoreline were intereste | Status

increased shoreline protection. The houses were located !
25 feet from the dune scarp. This shoreline has an ave
annual erosion rate (AAER) of just less than 2 feet per yec

Completed in November 2011; Maintained
(added sand and plantings) after Sandy in 2012

Permitting Using sand filled coir envelopes as the dune col

— -] ]
Emm /
L
7‘ L - »

urini "‘COnStr_f:icﬁ‘on‘-"fg_ -
Current conditions (2017)

B

7%

BeaclNarragansett, R

Insights

is considered a nostructural technique in the RI
Coastal Resources Management Program beca
the coir is biodegradable and sand compatible
with beach and dune sediment, so allowed whe
revetments and blkheads are not. Applicants
required to maintain lateral beach access.

Construction
Notes

The project extended 135 linear feet across 3
propertiesc 45 feet each. Ends of the coir
structure were gradually returned to the slope o
the feature in order to minimize erosion on
adjoining properties.

Maintenance
Issues

Significant repairs were necery after Hurricane
Sandy.

Final Cost

Permitting :$750 ($250 per property)
Construction: $46,650 (2 properties each cost
$14,950 and a third property cost $16,750)
Maintenance: Costs are storm dependent

Challenges

The dune and coir core is not likely to withstand
major storm leaving the properties are at risk.

Design Life

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.g. ice, winter
storms, cold temps)

Dunes typically erode during storm events. In areas with no beach at high tide, du
projects will be short lived as sediments are rapidly eroded and redistributed to the
nearshore! Designs should consider techniques that enhance or maintain the dune
(e.g sand fencing and/or vegetation to trap wind blown sand).

The added sediment from dune projects supports the protective capacity of the en
beach system (i.e., dune, beach, and nearshore area). Any sand eroded from ¢the
during a storm, supplies a reservoir of sand to the fronting beach and nearshoré%a
Dunes dissipate rather than reflect wave energy, as is the case with hard strutture
Dunes also act as a barrier to storm surges and flooding, protecting landwasthl
resources’and reducing overwash event$Sand dunes provide a unigue wildlife
habitat.?

Shorter planting and construction window due to shorter growing season. Utilizatic
irrigation to establish plants quickly. Presence of sensitive species may require de
(e.g. slope, plant density) and timing adjustments.



Siting Characteristics and Design Considerations

Dune - Engineered Core

Dune projects are appropriate for almost any area with dry beach at high tide and sufficie

Only applicable in moderate tuigh energy environments. Natural dune projestspreferred

space to maintain some dry beach even after the new dune sediments are added to the si EnergyState whenevemossible.
and can be done independently, or in conjunction with a beach nourispnogett. ExistingEnvironmental  Coastal beach: coastal dune; coastal bank
Resources
All. Duneprojectscanbe successfullgesignedevenin the presenceof sensitiveresourceareas.
o However special consideration is needed near salt marsh, horseshoe crab spawning grounds,
Nearby Sensitive and other sasitive habitats. Sediment can smother plants and animals if it is eroded quickly
Resources and carried to these areas. Impacts can be minimized by placing dunes as far landward as
possibleandusingcompatiblegrainsize! In addition, plantingsmayneedto be thinnedfor dune
projectsin nestinghabitatfor protectedshorebirdandturtle species-®
TidalRange Low tohigh
= Elevation AboveMHW.Duneprojectsrequireadry hightide beachto be successful.
Intertidal Slope Flat tosteep
Regulatory and Review Agencies BathymetricSlope Flat tosteep

EJeoson  Medermewhgh

In general, coastal dunes with an engineered core are more difficult to permit than natural dunes.

» ing, Muric - - SETEE ST
Maine Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental

Protection, ME Land Use Planning Commission, ME Coastal Program, ME Dept GrainSize It is importantto utilize sedimentwith a grainsizeandshapecompatibleto the site® The
Marine Resources, ME Dept. of Inland Fisheries and Wildlife, and ME Geologic: percentage of sanggravel, and cobblesized sediment should match, or be slightly coarser
Survey. than, the existing dune sedimentdlixed sediment dunes may be appropriate and necessary
for some locations.The shape of the material is also important, esially for largesediment,
New Hampshire Local Conservation Commission, NH Natural Heritage Bureau, NH Department « and should be rounded rather than angular.
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr
and NH Fish & Game Department. ImpairmentLevel Consideratiorshouldbe givento invasivespecies|evelof existingarmoring,andextent of
public use.

M h Local Conservation Commission, MA Division of Fisheries and Wildlife (Natural . - . . . o . :
assachusetts Heritage and Endangered Species Program), MA Environmental Policy(Act A ClimateVulnerability Duneswith anengineereccore providemore stabilityand protectionto landwardareasin the

short term, but do not allow the dune to migrateturally,which may be necessary given

Office of Coastal Zone Management. ) o
increased storms and sea level rise infttare.

Rhode Island Coastal Resources Management Program.

Surrounding-andUse Shorelinearmoringchangeghe lateralmovementof sediment therebyaffectingsediment
flows to nearby dunes. Therefore, any armoring adjacent to a dune restoration site needs to be
taken into consideration during the planning procégaune restoration will be most successful
if it is locatel where the natural dune line should be and, if possible, tied into existing ddnes.

Federal (forall U.S.Environmental Protection Agency, and U.S. Fish and Wildlife Service. Dunes are not well suited for major urban centers or large port/harbor facilities because of
states) space requirements and the level of risk reduction requited.

Connecticut Local Planning and Zoning Commission, and CT Department of Energy and
Environmental Protection.



Beachnourishmentis the placementof sedimentalongthe shorelineof an erodingbeachfrom outsidesource.lt widensand/or elevatesthe beachandusually
moves the shoreline seaward, increasing the natural protection that a beach can provide agaiashergy and storms. Thisaybe a component o& dune
restoration/creationeffort or astandaloneproject.

Beach Nourishment

Objectives: erosion control; shoreline protection; enhance recreation; increased access; dissipate wave energy; enhfmaad shidrebird habitat.

Design Overview

Materials Sediment is brought in from an offsite source, such as a sand and gravel pit or co:
dredging project.

Design Schematics

Beaches nourished with compatible sediments can provide significant wildlife
habitat.>6

A coarser sand may erode more slowly than a finer $aramaintain an effective
beach berm, sediment may need to be added regularly maintain the desired beact
profile.811The need to replenish the beach depends upon the rate of erosion at the
particular site, but is typically once evernblears?

Habitat Components
Added Beach Nourishment

Durability and Maintenance

Mean High Water

Existing Beach Topograph, . . . . . .
? pogrepty Toincrease erosion and flooding protection, nourished beaches are frequently bui

higher and wider than would occuaturally!*Grain size (e.g. sand, gravel, cobble)
drivesappropriatedesignslopes;gentlerslopesgenerallyperform better than steep
areas.However coarsergrainsizesallowfor steeperprojectslopes.

Design lfe

NOT TO SCALE

Ecological Services Provided A nourishment beach can provide additional beach habitat area. Added sediment

Project Massachusetts Division of Conservation and . . .
Case StUdy Projponem Recreation (DCR) for the nourishment can also provide a sand source for surrounding areas. The
i i increased width and height of the beach berm can help attenuate wave eAgrgy.
Wmthrop’ MA Beach Nou_rlsh_ment _ Status Phase 1: 2013; Phase 2: 2014 g P 9y
Applied Coastal Research & Engineering, Inc. designe
Winthrop Beach Nc:urishm(;nt Progra;m tod pt;ovide st Permri]tting 8ﬁshor?‘tsedim_§nt source was denied by Army Unique Adaptations to NE Beach nourishment sites subject to ice impacts are generally most successfully
protection to an upland urban area fronted by a sea | Insights orps after a 1-3ear permitting process. . . stabilized with gentler slopes (e & 0:1)13Presence of sensitive species ma:
originally constructed in 1899. The project utilized 460,00 Conservation Permit required from NHESP to Cha”enges (e-g- Ice, winter ire desi 9 | pl id.g.’ it ' ).d Himi diust i P y
of compatible sediment tmourish approximately 4,200 line address potential impacts to Piping Plovers. storms, cold temps) require design (g. slope, plant density) and timing adjustments.
feet and to create the equilibrated designed berm widtt : : )
100 feet. Once the beach nourishment was completed in Construction Upland derlvgd_mlx of sand, gravel and cobble 1
2014, the high tide shoreline was pushed more than 150 Notes matqh the existing beach sediments was .
from the seawall, with aradual slopeextending required, where the nourishment was provided
) ’ from two sources: sand borrow (80%) and
approximately 350 feet offshore. naturally rounded cobble & gravel (20%).
Maintenance Cobble berms have begudforming along the
Issues beach, which conflicts with community recreatio
goals, requiring additional sand for aestheitcs.
Final Cost Permitting: $2,000,000 (including attempt to
permit offshore borrow site.
Construction: $22,000,000 (included work on
coastal engineering structures).
Challenges Trucking through the community: urban
community with two roads in and out, as well as
roadway damage and air quality impacts
associated with 16,000+ truck trips. Public
perception of compatible sediment.




Beach Nourishment

Beachnhourishmenfprojectsare appropriatefor almostanytide rangeor grainsize,andcan
be doneindependentlyor in conjunctionwith a dunerestorationproject.

Misquamicut Beach, RI
Photo courtesy of Janet Freedn

__Western Scarborough Beach, !
‘Photo courtesy of P,_e_ter Slovins

Regulatory and Review Agencies

Maine

New Hampshire

Massachusetts

Rhode Island

Connecticut

Federal

(for all
states)

Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depi
of Marine Resources, ME Department of Inland Fisheries and Wildlife, ME Geol
Survey, and ME Submerged Lands Program.

Local Conservation Commission, NH Natural Heritage Bureau, NH Department
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr
and NH Fish & Game Department.

Local Conservation Commission, MA Dept. of Environmental Protection (Waterv
and Water Quality), MA Division of Fisheries and Wildlife (Natural Heritage and
Endangered Species Program), MA Environmental Policy Act, and MA Office of
Coastal Zone Managemen

Coastal Resources Management Program, and RI Dept. of Environmental
Management.

Local Planning and Zoning Commission, and CT Department of Energy and
Environmental Protection.

U.S. Army Corps of Engineers, National Marine Fisheries Service, U.S. Environi
Protection Agency, and U.S. Fish and Wildlife Service.

Siting Characteristics and Design Considerations

EnergyState

Existingenvironmental
Resources

Nearby Sensitive
Resources

TidalRange

Elevation

Low tohigh

Coastal beach; subtidal

Endangered and threatened species; shellfish. The added sand may result in shoaling of
adjacent areas and increase turbidity during the placement of the sand, which can cause
temporary adverse effect&Nourishment can also bury native vegetation. Nourgkediment

may also adversely affect nesting and foraging of shorebirds and other coastal animals, but ca
be avoided through a time of year restrictiéh.

Low tohigh

Above MHW to BeloWmLW.When designing beach berm elevationensiderincreasing
elevation above existing beretevation.

Flat to steep. Beach nourishment is most effective where a gently sloping shorglieeast,
but it can also be appropriate for use on other slopes.

ning

GrainSize

Impaiment Level

Surroundind-andUse

It is importantto utilize sedimentwith a grainsize,shapeandcolor compatibleto the site > The
percentage of sandgravel, and cobblesized sediment should match, or be slightly coarser
than, the existing sedimentsThe shape of the material is also important, especially for larger
sediment,andshouldberoundedratherthanangular!

Consideratiorshouldbe givento invasivespecies|evelof existingarmoring,andextent of

public use. Beach nourishment projects are more successful is they are located where there al
already existing beaches. The longer and more contiguous the project is, the more resilient the
project will be.

Beachnourishmentis bestsuitedwhere naturalbeacheshaveexistedat a site andwherethere

is a natural source of sard help sustain the beachBeach nourishment is also suitable to help
restore sediment supply to a sedimestarvedsystem.Not generally welsuited for application

to most major urban centers or areas with large port and harbor facilities because sp#oe
requirements and the level of risk reduction desirétExisting structures on sitbkeseawalls,

may force beach nourishment projects to have a steeper slope than desirable. Steeper slopes
leave little opportunity for wave energy dissipatiéh.



- Natural

Coastal Bank

Coastal bank protection, including slope grading, and toe protection and planting of natural vegetation will reduce thessteeyl protect the toe of the bank
from further erosion. Coir logs, root wads protect bank toes from erosion, while plantedategetevelops strong root systems.

Objectives: erosion control; shoreline protection; dissipate wave energy; enhanced wildlife habitat.

Design Schematics

Natural Fiber Blankets
to Stabilize the Soil

Regrade slope

This Portion of Bank Removed During Regrading

Existing Coastal Bank Topography
/

Planted Salt-Tolerant, Native Vegetation

Mean High Water

to increase stability /

Coir Logs for
Toe Protection

NOT TO SCALE

Existing Beach Topography

Case Study

Coastal Bank Stabilization, Orleans, MA

Wilkinson Ecological Design developed a pfastised coastal
bioengineering project, determined not to be a coast

engineering structure by the local municipality and N
DEP. The project included a robustly anchored fiber roll ar
at the bottom of the bank and intensive planting an
stabilization through the remainder of their coastal ban

which falls within a mapped FEMA Velocity Zone.

Pleasant Bay Bank Stabilization, Orleans, N

Photos courtesy of Wilkinson Ecological Desigs
3 o Y ' &0 & 3

Project Private property owners. The project spans thre

Proponent properties with multiple owners.

Status Phase 1 constructed in 2010, Phase 2 construc|
in 2013 and Phase 3 constructed in 2015.

Permitting The project involved one permit under tihvA

Insights Wetlands Protection Act for each phase, three
wetland permits irtotal.

Construction Regraded the over steepened bank, installed si:

Notes rows of coir rolls at the toe of bank, installed
natural fiber blanket®n the bank face above the
coir rolls, planted the bank face with native, salt
tolerant grasses and shrubs, and covered fiber
rolls with sand.

Maintenance Monitor vegetation monthly throughout the

Issues growing season to ensure plant success; temp
orary irrigation for first three years; monitor coir
rolls twice annually and after storms. Replant ar
retighten fiber roll anchoring system as needed.

Final Cost Permitting: $10,000
Construction: $1,000/ linear foot
Maintenance : $8,000/yr

Challenges No substantial challenges in the permitting,

construction or maintenance phases of work an
has performed well through storms.

Overview of Technique

Materials

Habitat Components

Durability and Maintenance

Design Life

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.g. ice, winter
storms, cold temps)

Sediment, if fill is needed, to establish a stable slope. Coir rolls or root wads from -
trees to minimize erosion. Coir rolls, typically rollsHl2r ¢ AY RA -20&ét S|
long, packed with coir fibers and held together by mégBoir rolls carte pre
vegetated to head start the growing process.) A kigimsity roll may be necessary at
the toe, while lowerdensity rolls could be used abo%#/ooden stakes for blankets,
earth anchors for rolls, or a combination of the two are necessary to artbleor
system! Other naturally occurring woody material or root wads may also be utilizec
stabilize the toe of the coastal bank in some sites.-®dtrant vegetation with
extensive root systems are often used in conjunction with fiber rolls to helplzta
the sitelNatural fiber blankets can be used to stabilize the ground surface while pl
become establishedl(Blankets should be run up and down the slope rather than
horizontally across it.)

Because they are made with natural fibers and planted with vegetation, natural fib
blankets also help preserve the natural character and habitat value of the coastal
environment?!

Installing coir rolls at the toe of a bank btlization project can provide increased
stability while the vegetation becomes establishidu)t bioengineering projects with
coir rolls and vegetation require ongoing maintenance, such as resetting, anchorin
replacement, to ensure their succes3Coir logs must be securely anchored to preve
wave and tidal curreninduced movement?!Invasive species management should be
incorporated into the project.Runoff and groundwater management will also be cru
to project success.

As the coir rolls disintegrate, typically over %years, the plants take over the job of s|
stabilization! The bank slope is extremely important. Often the existing condition o
the slope is steep or undercut. Before installing coir logs or planaggtation, the
bank slope should be stabilizé@his is often done by regrading the bank slope by
removal of sediment from the top of the bank rather than adding sediment to the t
of the slope!

Upland plantings stabilize bluffs and reduce rainwater rufbff.

Shorterplantingand constructionwindow dueto shortergrowingseasonUtilizationof
irrigation to establish plastquickly.Freeze and thaw processes can damage this
design. Consideration should be given to the slope aspect and the implications or
plantgrowth and microbiomefrom shadingandsunexposure



Coastal Bank - Natural

Siting Characteristics and Design Considerations

Natural coastal bank protection projects are appropriate for alnaosttide range,

topographic slopegr grainsize providedthat the toe of the bankis situatedabovemean Low to moderate. Coir rolls can be used on both sheltered sites and sites exposed to wave
high water where it will not be regulaityundated. energylHowever, they are most effective in areas with higher beach elevations with some dry
EnergyState beach at high tide, where the rolls are not constantly subject to erosion from tides and Wwaves.
, : . — Naturally occurring fringe protection (e.g. bedrock outcrop, salt marsh or higher beach
| Bustins Island, Freeport, M Er A e A elevations with some dry beach at high tide), will also help protect the project.
: Ph‘oto ourtesy of‘ Trqy Bar ' che
Existing Environmental Coastal bank; vegetated upland.
Resources
All. If the project is proposed in or adjacent to habitat for protected wildlife species or
horseshoe crab spawning areas, there may be limitations on the time of year that the project
- NearbySensitive can be constructedMudflats, clam flats and other adjacent habitaeatependent on eroded
SIS Resources habitat; this loss in sediment source to adjacent habitat must be accounted for. If trees are
removed during construction, replanting is required; the removed trees can also be used to
stabilize the toe of the bank.
. Low to high. Natual coastal bank protection projects can be designed for all tidal ranges,
Regu|at0ry and Review Agencies TidalRange provided the toe of bank is above the mean high water line and will not be regularly inundated.
= Elevation AboveMHW
Maine Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental :
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depi _ Flat to steep. Although, flat to moderate slopes are preferred; steeper slopes may require
Marine Resources, ME Dept. of Inland Fisheries and Wildlife, and ME Geologicz Intertidal Slope armoring, which would result in a ndiving shoreline.
Survey.
Bahymetric Slope Flat tosteep

New Hampshire

Massachusetts

Rhode Island

Connecticut

Federal (inall
states)

Local Conservation Commission, NH Natural Heritage Bureau, NH Department

and NH Fish & Game Department. . — .
Local Conservation Commission, MA Division of Reshand Wildlife (Natural

Heritage and Endangered Species Program), MA Environmental Policy Act, anc ImpairmentLevel Groundwatercanbe the causeof slopefailure (particularlywhen clayis the basematerial),but
Office of Coastal Zone Management. waveexposure can be the dominant driverlo$s.
Coastal Resources Management Program. ClimateVulnerability Bothhorizontalandverticallossto a coastalbankis permanent.

_ _ - Surroundingd-andUse Theendsof a coirroll projectshouldbe carefullydesignedo minimizeanyredirectionof waves
Local Planning and Zoning Commission, and CT Department of Energy and onto adjacent propertiesTaperinghe rolls down in number and height so that the project
Environmental Protection. blends in to the adjacent bank helps address this probldfipavement or lawn extends all the

wayto the edge of the top of the bank, or if forests are cut to the edge of the top of the bank,

== TN RSB X EnnT, el s, (REn Gl s SEhee: coashl banklossis morelikely; maintenanceor creationof avegetatedbuffer will mitigateloss.



Coastal Bank o

Engineered Core

Coastal bank protection, including slope grading, terracing, and toe protection and vegetation planting will reduce thesstesp protect the toe of the bank
from further erosion. Engineered cores, of sand filled tubes, provide added protection ftare fuank erosion.

Objectives: erosion control; shoreline protection; dissipate wave energy; enhanced wildlife habitat.

Design Schematics

Natural Fiber Blankets
to Stabilize the Soil

Regrade slope
to increase stability

This Portion of Bank Removed During Regrading

Existing Coastal Bank Topography
/
Planted Salt-Tolerant, Native Vegetation

Mean High Water

Sand Filled
Tubes for Added
Toe Protection

Area to be Excavated
to Install Sand Filled Tubes

- NOT TO SCALE

Existing Beach Topography

Case Study

Stillhouse Cove, Cranston, RI

Stillhouse Cove is the site of a public park and a pre
salt marsh restoration project that was completed in 2(
Restoration of the coastal bank was initiated a
Superstorm Sandy caused extensive erosion which-
steepened the bank and washedl fand soil into the
adjacent marsh. Save The Bay and EWPA, working ¢
with the USDA Natural Resources Conservation Se
developed a design to reinforce and protect the eroc
bank by reconfiguring the slope and using natural mate
and vegeation.

Construction at Stillhouse Cove,

Project City of Cranston, RI, Edgewood Waterfront
Proponent Preservation Association (EWPA), Save The Be
Natural Resources Conservation Service (NRC!
Status Completed in 2013. Maintained in 2014 (added
coir logs and plantings).
Permitting The project had several iterations but was finally
Insights permitted as a Sandy Emergency Assent. An
extension was required due to challenges of
securing funding within the permit time frame.
Construction A key component of this project was regrading
Notes the bank from a vertical cut to create a more
gradual slope. Once the slope was regraded,
sand filled coir envelopes were installed, covere
with soil and planted with salt tolerant
vegetation.
Maintenance 3 coir logs were installed at the southern end of
Issues project and planted with warm season grasses
part of the Dept. of Interior Hurricane Sandy
Relief Grant Program. The base of the bank will
be more frequently inundated as sea levels rise
Final Cost Permitting: No permit fee for municipalities
Construction: $59,006 plus volunteer labor.
Challenges Funding and coordination with partners and

volunteers.

Design Overview

Materials

Habitat Components

Durability and Maintenance

Design Life

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.g. ice, winter
storms, cold temps)

An engineered core could be constructed using coir envelopes, which are coir fab
filled with sand. Cutback/excavated material should be used to fill the coir envelop
but supplemental offsite material may be required. Anchors are necessary to secu
the envelopes. Native vegetation with extensive root systems are often used in
conjunction with coir envelopes to help stabilize the site. Also, natural fiber blanke
can also be used to stabilize the ground surface while plants become established.
(Blankes should be run up and down the slope rather than horizontally across it.)

Because they are made with natural fibers and planted with vegetation, natural fib
blankets also help preserve the natural character and habitat value of the coastal
environment.

A veneer of sand/sediment should be maintairecer the sand filled tubes to prolong
their lifetime. Regular maintenance, such as resetting, anchoring, replacement, or
recovering, can increase the effectiveness of the prdjéatasive species managemei
should be incorporated into the project. Runaffatnagement and groundwater will als
be crucial to project success.

As the sand tube material and natural fiber blankets disintegrate, typically e¥6r 5
years, the plants take over the job of site stabilization.

Upland plantings stabilize bluffs and reduce rainwater rufbff.

Shorterplantingand constructionwindow dueto shortergrowingseasonUtilizationof
irrigation to establish plantgquickly.Freeze and thaw processes can damage this
design. Consideration should be given to the slope aspect and the implications or
plantgrowth and microbiomefrom shadingandsunexposure




Coastal Bank o

Siting Characteristics and Design Considerations

_ _ _ _ SelectionCharacteristics Detall
Engineered coastal bank protection projects are appropriate for alargdtde range,

topographic slopegr grainsize providedthat the toe of the bankis situatedabovemean Low to high. Engineered cores, as part of a coastal bank protection project, can be used on bo
high water where it will not be regulaityundated. sheltered sites and sites exposed to wave energy. Additionally, they are most effective in area:

Engineered Core

EnergyState with naturally occurring fringe protection (e.g. bedrock outcrop, salt marsh or higher beach
elevations with some dry beach at high tide), where the toe of the bank is not constantly
subject to erosion from tides and waveés.

S5 LI

NV

Coa U NHZOGAZY FU YAy3oaes
Photos courtesy of Janet Freedman ’

ExistingEnvironmental Coastal bank; vegetated upland
Resources

All. If the project is proposed in or adjacent to habitat for protected wildlife species or
horseshoe crab spawning areas, there may be limitations on the time of year that the project
Nearby Sensitive can be constructedMudflats, clam flats and other adjacent habitat are dependent on eroded
Resources habitat; this loss in sediment source to adjacent habitat must be accounted for. If trees are
removed during construction, replanting is required; the removed trees can also be used to
stabilize the toe of the bank.

: Low to high. An engineered coastal bank protection projects can be designed for all tidal range
TidalRange provided the toe of bank is above the mean high water line and will not be regularly inundated.

Regulatory and Review Agencies

=& Elevation AboveMHW

Maine Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental Flat to steep. Although, flat to moderate slopes are preferred; steeper slopes may require

Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depf IS Intertidal Slope : : : o ,
: . ) e i armoring, which would result in a ndiving shoreline.
Marine Resources, ME Dept. of Inland Fisheries and Wildlife, and ME Geologic 2 .

Survey.

BathymetricSlope Flat tosteep
New Hampshire Local Conservation Commission, NH Natural Heritage Bureau, NH Department « : :
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr

and NH Fish & Game Department. .
SR
Massachusetts Local Conservation Commission, MA Division of Fisheries and Wildlife (Natural

Heritage and Endangered Species Program), MA Environmental Policy Act, anc ImpairmentLevel Groundwatercanbe the causeof slopefailure (particularlywhenclayis the basematerial),but
Office of Coastal Zone Management. wave exposure can be the dominant driver of loss.
Rhode Island Coastal Resources Management Program. ClimateVulnerability Bothhorizontalandverticallossto a coastalbankis permanent.
Surroundind-andUse Theendsof the sandtubesfor anengineeredcoastal bankrotection projectshouldbe
et Local Planning and Zoning Commission, and CT Department of Energy and carefully designed to minimize any redirection of waves onto adjacent properties. Tapering the

tubes down in number and height so that the project blends in to the adjacent bank helps
address this problent.If pavement or lawn extends all the way to the edge of the top of the

Federal (nal  U.S.Environmental Protection Agency, and U.S. Fish and Wildlife Service. bank, or if forests are cut to the edge of the top of the bank, coastaklioss is more likely;
states) maintenance or creation of a vegetated buffer will mitigate loss.

Environmental Protection.



Natural Marsh

Creation/Enhancement

Objectives: dissipates wave energy, habitat creation, shoreline stabilization

Design Schematics
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Tidal Buffer High-Marsh
Spelcies

Zone
|
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Low-Marsh Species

]

Existing Topography

Added fill to acheive
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Mean High Water

Mean Low Water

NOT TO SCALE

Project USFWS, The Nature Conservancy, Sav@aye
Case StUdy Proponent Town of Middletown, Norman Bird Sanctuary
Sachuest Point Restoration, Middletown, | status Initial construction and planting: Spring 2016.
The U.S. Fish & Wildlife Service and The Nature Conse — -
developed this project at the Sachuest Point National Wil | Permitting Care was taken to prevent sediment plumes fro
Refuge to help the area better withstand the impacts of- | INsights entering the Sakonnet that could negatively
level rise and coastal storm surge. Storm surge and ° affect winter flounder. Testing was done to
erosion, combied with the lack of sediment replenishme ensure material was clean and of appropriate
from estuaries whose rivers have been dammed, left grain size. Ensured that elevations remained
existing salt marsh at a point where it could not keep up within the tidal marsh elevatio range.
sealevel rise. With little opportunity to migrate, due to bei | construction Sand was trucked to the site and placed on the
constrained by Third Beach, éhbest solution to protec | Noteg marsh with machines. The surface was contour:

Sachuest Point was to raise the elevation of the marsh itse

Sachuest Point, Middletown, F
Photo courtesy of Jennifge. Wk~

to create high and low marsh elevations. Salt
tolerant grass plugs grown out from local seed
sources were planted in the spring following
sediment placement.

Maintenance
Issues

Fencing was used to protect plant plugs from
winter grazing by Canada Geese. Additional
planting will occur in 2017.

Final Cost $634,000 for sediment placement;
$36,100 for growing of plant plugs.
Challenges A drought during the growing season of 2016

caused mortality of some plant plugs, and
maintenance of antgrazing fencing during/after
winter storms to prevent damage by geese.

Marsh vegetation, such as native lo8p@artina alterniflorapnd high marshSpartina patengspecies, can be planted along the shoreline. Roots help hold soil in
place, and shoots will break small waves and increase sedimentatiegetation projects such as this are a minimally invasive approach.

Design Overview

Materials

Habitat Components

Durability and Maintenance

Design Life

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.qg. ice, went
storms, cold temps)

Native marsh plants appropriate for salinity and site conditions. Plugs of marsh gr:
can be planted to augment bare or sparse ar8é&ediment may be necessary if the
project area needs to be filled to obtain appropriate elevations, to provide a suitab
gradual slope for marsh creation, or to enable a marsh to maintain its elevation wi
respect to the sedevel risel1Bird exclusiondncing may be necessary to avoid
predation while plants develof

Salt marsh; Tidal buffer landward of the salt marsh; Coastal beach; Mud flat.

Plants that are removed or die during the early stages of growth must be replaced
immediately to ensure the undisturbed growth of the remaining plants. The remove
debris and selective pruning of trees is also a good maintenance practice to ensur
sunlight reaches plants. Protection measures, such as fencing, must be taken to k
waterfowl from eating the young planfOngoing maintenance of invasive species a
runoff issues will be important to the loAgrm success of the project. After sigoént
growth has occurred only periodic inspections may be necessary.

It is important to recognize that design life may be shorter in the future given chang
sedimentation rates, accelerating skvel rise and other climate change impacts.

Increases water infiltration, uptake of nutrients, filtration, denitrification and sedime
retention.23The extensive root systems of marsh vegetation help to retain the exist
soil, thus reducing erosion while plant stems attenuate wave enErgyhealthy salt
marsh may reduce wave energy. Marshes provide habitat for many species of plar
and animals, ad maintain the aquatic/terrestrial interfacéMarshes also provide
natural shore erosion control, better water quality, recreation and education
opportunities, and carbon sequestration (blue carbéh).

Including roughened surfaces, such as emergent vegetation can help break up ice
sheets?Marshes can respond better to ice if gentler slopes{B11) are used and by
incorporating shrubs. Planting in the spring will allow vegetatime to become
established before it has to withstand i8&3Consider using prplanted mats to
compensate for a shorter growing season. Hardyteddtrant shrubs (e.glva
frutescensand Baccharis halimifolipare welisuited for shorelines affecteby ice!?



Natural Marsh Siting Characteristics and Design Considerations

Creation/Enhancement

Fringing marsh living shoreline projects have proven successful with or without protective - Low to moderate. Works best in low energy sites (i.e. less than 2 feet of short waves, low
=<1 EnergyState

structuressuchasfiberrollsor sills,but projectswithout protectivestructuresare mostlikely
to be successful on sheltered wategsavhere there is low natural wave action and limited
wave action from boating activities.

lffAyQa /208> ?
Photo courtesy of Janet Freedn o |

Lt -

current and low storm surgé)Sites with a fetch >5 miles are not recommended.

Existingenvironmental
Resources

Coastal beach; mud flat; salt marsh

Endangered and threatened species. If the project is proposed in or adjacent to habitat for

Nearby Sensitive protected wildlife species or horseshoe crab spawning areas, there may be limitations on the

Maine

New Hampshire

Regulatory and Review Agencies

Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depi
of Marine Resources, ME Department of Inland Fisheries and Wildlife, ME Geol:
Survey, and ME Soterged Lands Program.

Local Conservation Commission, NH Natural Heritage Bureau, NH Department

Resources

TidalRange

= Elevation

Intertidal Slope

BathymetricSlope
=38 Erosion

time of year for constructiod Shellfish beds and essential fish habitats will restrict where a
marsh can be extended. Construction may produce short term habitat impacts, but in the long
term, the marsh area should provide enhanced wildlife and fisheries habitat.

Low tohigh

MLW to MHW; Above MHW. For low marsh, the lowest grade should be MTL and extend up t
MHW. High marsh plantings should extend between MHW and MAHdal buffer should be
planted above highest observable tide.

Flat. With slopes 5:1 (base:height) and flatter, plants can be utilized without additional erosion
control3Between 5:1 and 3:1, marsh projects may not work without additional toe
stabilization® The wider the intertidal zone, the more effective the marsh is at dissipating wave
energy’ A minimum width of the planting should be 10 féét.

Flat tomoderate

Low tomoderate

Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr BoatTraffic If boatw_akesareperceivecto b.easign?ficant.problem,the siteshogldbetreated as ahigher
) energysite andmaybe more suitablewith a sill or other toe protection.
and NH Fish & Game Department.
IceSensitivity Plantedmarshareaswith gentleslopesandintermixedshrubswill handleicethe best.Shrubs
Massachusetts Local Conservation Commission, MA Dept. of Environmental Protection (Waterv havea significantadvantageover other typesof vegetationbecausehey havedeepfibrousroot
and Water Quality), MA Division of Fisheries and Wildlife (Natural Heritage and systemsand a structure that remains in place throughout the winter morftH3lant in the
Endangered Species Program), MA Environmental Policy Act, and MA Office of springto allow plantsto becomeestablishedvell beforeice becomes aoncern
CREsiE] ZEmE W SRR 2 ClimateVulnerability Planted marsh areas may have a difficult time adapting to sea levéllfiteere is spacen a
Rhode Island Coastal Resources Management Program, and RI Dept. of Environmental projectsite, designsshouldanticipatemarshmigrationin responseo sealevelrise 13
Management. Surroundind-andUse Existingstructureson site, like seawallsmayforcelivingshorelineprojectsto havea steeper
slopethandesirable Seawalls will limithe inlandmigrationpotential of the saltmarshin the
Connecticut Local Planning and Zoning Commission, and CT Department of Energy and future. Steeper slopes leave little opportunity feaveenergy dissipatioA3Marshes require
Environmental Protection. sunlight to thrive; trees must be pruned or removed to allow for at least four to six hours of
sunlight a day;this will increase vegetation growth.1>Although it is possible to create a
Federal (forall U.S. Army Corps of Engineers, National Marine Fisheries Service, U.S. Environi marshon most shorelinesmarshcreationis not recommendedor siteswheretheyarenot a
states) ~ Protection Agency, and U.S. Fish and Wildlife Service. naturalfeaturealongcomparablenaturalshorelinest!



Marsh Creation/Enhancement

w/Toe Protection

Objectives: dissipates wave energy, habitat creation, shoreline stabilization

Design Schematics
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for Toe Protection
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Case Study
North Mill Pond, Portsmouth, NH

This project involved restoration of low and high marsh a
North Mill Pond, with about half of the area consisting of t
marsh creation, and the other half of the area consistin
restoration of degraded low and high marsh through sedin
addition thin layer deposition).

North Mill Pond: Marsh Restoration, Portsmouth, M
Photo courtesy of;David Burdick (UNH)

Project City of Portsmouth, Stantec (wetlands

Proponent consultant), UNH (assisted plan development)

Status Construction complete May 2016. Beginning ye:
two of monitoring in 2017.

Permitting NHDES and USACOE permits needed for drain

Insights outfall into pond. Project impacted 600 sf of
coastal wetland. Salt marsh restoration was
compensatory mitigation.

Construction Imported fill to raise 12,060 sf to suitable

Notes elevation for salt marsh (low marsh); planted

3,055 sf of high marsh area. Created micro
topography and interior drainage channels-ih2
diameter coir logs staked at seaward edge of
marsh tostabilize toe. Placed large boulders to
breakup winter ice sheets.

Maintenance
Issues

Long term monitoring and maintenance efforts
are scheduled. Survival of low marsh plants is
good; survival of high marsh salt hay is fair to

poor. Survived 2018017 winter well.

Final Cost

$60,000 ¢onstruction, monitoring & maintenange

Challenges

Construction did not have a provision for within
plot drainage; many plants were washed out by
runoff gullies in the first year. More time needed
for filled sediment to settle before planting.

Marsh vegetation that is planted along the shoreline often benefits from toe protection to assist with marsh stabilizzgignofEction materials may include
natural fiber rolls, shell bags or, in some cases, stone. The toe protection may also altmgitireto achieve the appropriate grade in lieu of seaward fill, thereby
decreasing the project footprint.

Design Overview

Materials

Habitat Components

Durability and Maintenance

Design lfe

Ecological Services Provided

Unique Adaptations to NE
Challenges (e.g. ice, winter
storms, cold temps)

Native marsh plants appropriate for salinity and site conditions. Plugs of marsh gr:
can be planted to augment bare aredsSediment may be necessary if area needs tc
be filled to obtain appropriate elevation$oeprotection materials may include natair
fiber rolls, oyster/mussel shells bags, or in some cases, stone. Filter cloth placed
to added fill and/or sill material®Bird exclusion fence to avoid predation while plan
develop?®

Salt marsh; Tidal buffer landward of the salt marsh; Coastal beach; Mud flat.

Plants that are removed or die during the early stages of growth must be replaced
immediately to ensure the undisturbed growth of the remaining plants. The remove
debris and selective pruning of trees is also a good maintenance practice to ensur
sunlight reaches plants. After significant growth has occurred only periodic inspect
may be necessary. Protection measures, such as fencingeepmwater-fowl from
eating the young plantd.oeprotection materials should also be replaced otimstaled
if they are moved by a storf Coir logs must be securely anchored to preweate
and tidal currertinduced movement! Ongoing maintenance of invasive species anc
runoff issues will be important to the lortgrm success of the projeé®.

It is important to recognize that design life may be shorter in the future given chang
sedimentation rates, accelerating sésvel rise and other climate change impacts.
Increases water infiltration, uptake of nutrients, filtration, denitrification and sedime
retention.23The extensive root systems of marsh vegetation help to retain the exist
soil, thus reducing erosion while plant stems attenuate wave enErgharshes provide
habitat for many species of plants and animals, and maintain the aquatic/terrestria
interfaceZ Sill mitigates erosive waves and stabilizes shoréfiarine animals can
access the marsh through gaps in theldillarshes also provide bettevater quality,
recreation and education opportunities, and carbon sequestration (blue caf3on).

Including roughened surfaces, such as logs, stones or emergent vegetation can bt
ice sheets:1%Fringing marsh projects will respond better to ice if designed with gen
slopes (6:110:1) and by incorporating shruBs3Planting in the spring wiallow
vegetation to become established before it has to withstanc®idardy, sakolerant
shrubs are welsuited shorelines that are affected by iENeed to consider where in
GKS GARIFE NIy3aS 28a0GSNRBR o¢Af Ibirbfredzig: O



Marsh Creation/Enhancement
w/Toe Protection

toe protection structure allows habitabnnectivityand greater idal exchangeToeprotection
is particularly important where there is higher wave activity or threat of vakes.

N’Esh Enhancement w/Coir Toe, Chatham, MA
Photo courtesy of Wilkinson Ecological Design

Regulatory and Bview Agencies

Maine Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depi
of Marine Resources, ME Department of Inland Fisheries and Wildlife, ME Geol
Survey, and ME Soterged Lands Program.

New Hampshire Local Conservation Commission, NH Natural Heritage Bureau, NH Department
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr
and NH Fish & Game Department.

Massachusetts Local Conservation Commission, MA Dept. of Environmental Protection (Waterv
and Water Quality), MA Division of Fisheries and Wildlife (Natural Heritage and
Endangered Species Program), MA Environmental Policy Act, and MA Office of
Coastal Zone Managemen

Rhode Island Coastal Resources Management Program, and RI Dept. of Environmental
Management.
Connecticut Local Planning and Zoning Commission, and CT Department of Energy and

Environmental Protection.

Federal (for all U.S. Army Corps of Engineers, National Marine Fisheries Service, U.S. Environi
states)  Protection Agency, and U.S. Fish and Wildlife Service.

Siting Characteristics and Design Considerations

EnergyState

- Existingenvironmental
EE
Resources

NearbySensitive

Resources

= Elevation

Intertidal Slope

BathymetricSlope
e

A toe protection structure holds the toe of an existing, enhanced or created marsh platfo

place, and provides additional protection against shoreline erosion. A gapped approach t

Moderate.Asillmaybe necessaryn mediumenergysites(2-5 foot waves moderatecurrents
and stormsurge)36

Coastal beach; mud flat; salt marsh

Endangered and threatened species. If the project is proposed in or adjacent to habitat for
protected wildlife species or horseshoe crab spawning areas, there may be limitations on the
time of year for constructiod Shellfish beds and essential fish hakstwill restrict where a

marsh can be extended. Construction may produce short term habitat impacts, but in the long
term, the marsh area should provide enhanced wildlife and fisheries habitat.

Low to moderate. Sills are more suited to sites with a stoathoderate tidal range, and are
intended to be lowcrested structures with a freeboard of between 0 and 1 ft above MHWS®
However, shellfish sills should have a crest height at or near MLW since oysters and mussels
only remain out of the water fobetween 2 and 6 hours depending on the weather conditibns.

MLWto MHW; AboveMHW.For low marsh, the lowest grade should be MTL and extend up to
MHW.High marsh plantings should extend between MHW BtdHW?>Tidal buffer should be
planted above highest observable tide.

Moderate. With slopes between 5:1 and 3:1 (base:height), sills should be added to the toe of
the marsh?

Flat tomoderate

BoatTraffic
IceSensitivity

ClimateVulnerability

Surrounding-andUse

If boatwakesare expectedto be the dominantforce the sill shouldbe designed accordingly.

Gentle slopes and intermixed shrubs will handle ice the B&ant in the spring tallow plants
to become established well before ice becomesacern®

If implementedcarefully,this designcanallowfor inlandmigration.Plantinghigher,outsideof

the normalelevationrangefor the marshgrassesmaybe usefulin anticipationof sealevelrise.

It is important to recognize the uncertainty in future elevations. The effectiveness of a sill will
be reducedovertime assealevelrise graduallyreduceshe freeboardof the structure’

Existingstructureson site, like seavalls, mayforce livingshorelineprojectsto havea steeper

slope than desirable. Seawalls will limit the inland migration potential of the salt marsh in the
future. Steeper slopes leave little opportunity feaveenergy dissipatioA3Marshes require
sunlight to thrive; trees must be pruned or removed to allow for at least four to six hours of
sunlight a day;this will increase vegetation growt:1>Although it is possible to create a
marsh on most shorelines, marsh creation is remlommended for sites where they are not a
naturalfeaturealongcomparablenaturalshorelinest!



Living Breakwater

Living breakwaters are constructed nearshore to break waves on the structure rather than on the shoreline to reduce edgsiomate accumulation of sand
and gravel landward of the structure. They are typically larger than sills and constructed inm deg@ein more energetic wave climates, and have the potential
to enhance habitat.

Objectives: break waves, dissipates wave energy, erosion control, habitat creation

Design Schematics

Wave energy reduced
landward of living breakwater

Existing Topography

NOT TO SCALE

Living breakwater constructed of
shellfish, concrete forms and/or rock

Mean High Water

Mean Low Water

Case Study

Stratford, CT Reef Balls

Beginning in 2010, the Stratford Point project has focused
restoring and managing 28 acres ofastal upland and 12

acres of intertidal habitat using an integrated whol
ecosystem approach. The creation of a 1806t living
shoreline started with the construction of an artificial ree
using precast reef balls, at mean tide elevation (~ 75
offshore), in conjunction with restoration of low and hig

marshes and dune shoreward of the artificial reef. In additic
upland shrub, coastal forest and meadow mosaic is be
restored to improve bird and pollinatdabitat.

Project Sacred Heart Uni.(Project Lead), Audubon Soci
Proponents (Site Manager); DuPont Company (Site Owner)
Status In Progress (Reef construction: Complete; Mars
& Dune Restoration and Upland work: Continuir
Permitting 51 .1 KIR O2yOSNya 02
Insights on the reef and possibly harboring diseases tha
might affect the aquaculture industry of Long
Island Sound. So far, this has not been a proble
Construction A restoration team of land managers, restoratiol
Notes ecologists and environmental engineers is key f
designing and deploying a living shoreline. The
study of local bathymetry, storm wind and wave
trajectory, sediment loads and causes of erosiol
are imperatiwe for proper placement of artificial
reefs used to protect newly restored saltmarshe
Maintenance Previous attempts of dune restoration prior to
Issues artificial reef construction highlight the
importance of comprehensive restoration
planning, and constiction sequencing.
Final Cost To be determined
Challenges Initial dune installation (2012) was eroded by

storms before the artificial reef and saltmarsh
were installed. Slight field modifications to reef
ball placement due to natural rock outcroppings

Design Overview

Materials

Habitat Components
Durability and Maintenance

Design Life

Ecological Services Provided

Unique Adaptations to NE

Challenges (e.qg. ice, winter
storms, cold temps)

Living reef materials (oysters/mussels). Shellfish reefs can be constructed with ba
or loose shell to provide the same erosion control as rock sills but with additional
ecosystem benefit$! Precast concrete forms or stone.

Shellfish reef. Complex structure for fisheries habitat.

Concrete reefs or living resources (e.g. shell bags) will break down over time, whili
precast concrete forms and stone will last longer. The degradation of the shelbbag
time is often a desired characteristic if they are being used to temporarily break we
while a system behind it is reestablishing or a natural living system is establishing
on this substrate.

Shellbags,concreteforms, and stoneprovidethe foundationfor livingbreakwaters;
concreteformsandstoneprovidemore time for naturalrecruitmentof shellfishand
marinealgae.

Can become valuable substrate for marine organisms, as well as provide shelter a
habitat for many fish, crab and other mobile specit€an dampen wave energies an
increase sediment retentiot.Because shellfish are filter feeders, oyster/mussel ree
can improve water qualityl As the living breakwaters become colonized with marine
species, they provide recreational benefits such as fishing and snorkkling.

Reef Balls instat in Stratford, CT withstood significant icing during the 2RQ25
winterb §8R (12 O2yAARSNI 6KSNB Ay G(KS GAF
used: too high in the intertidal area may result in freezing and loss of shellfish.

-

: .| Reef Ball Breakwater, Stratford, C!
Photo courtesy of Jennifer Mattg




Living Breakwater

Althoughbreakwatersare often consideredcoastalengineeringstructures,agappediving
breakwater allows habitat connectivity and greater tidathangeand can be useith

combination with other living shorelines practices réalucethe waveenergy allowing the
establishment of a beach or vegetated (typically marsh) shoreline in its lee.

Maine

New Hampshire

Massachusetts

Rhode Island

Connecticut

Federal

(for all
states)

Regulatory and Review Agencies

Municipal Shoreland Zoning, Municipal Floodplain, ME Dept. of Environmental
Protection, ME Land Use Planning Commission, ME Coastal Program, ME Depi
of Marine Resources, ME Department of Inland Fisheries and Wildlife, ME Geol:
Survey, and ME Soterged Lands Program.

Local Conservation Commission, NH Natural Heritage Bureau, NH Department
Environmental Services (Wetlands Bureau, Shoreland Program, and Coastal Pr
and NH Fish & Game Department.

Local Conservation Commission, MA Dept. of Environmental Protection (Watery
and Water Quality), MA Division of Fisheries and Wildlife (Natural Heritage and
Endangered Species Program), MA Environmental Policy Act, and MA Office of
Coastal Zone Managemen

Coastal Resources Management Program, and RI Dept. of Environmental
Management.

Local Planning and Zoning Commission, and CT Department of Energy and
Environmental Protection.

U.S. Army Corps of Engineers, National Marine Fisheries Service, U.S. Environi
Protection Agency, and U.S. Fish and Wildlife Service.

Siting Characteristics and Design Considerations

Moderate to high. Suitable for most areas, except those in the highest wave energy
environments? Concrete forms are generally stable under most wave conditions due to the size
and weight of the units, and have been shown to attenuate wave energy and reduce erosion ir
a low to moderate wave energy locations; one study found that Reef Balls could reduce wave
heights by 60%.Using additional rows of Reef Balls can decreasestréa more’

EnergyState

Existingenvironmental
Resources

NearbySensitive

Resources

TidalRange

=5 Elevation

Intertidal Slope

BathymetricSlope

=38 Erosion

Coastal beach; mud flat; subtidal

Endangered and threatened species. If the project is proposed in or adjacent to habitat for
protected wildlife species or horseshoe crab spawning areas, there may be limitations on the
time of year for construction. Shellfish beds, submerged aquatic vagetand essential fish
habitats will restrict where a living breakwater can be constructed.

Low to middle. In areas with a large tidal range, these structures would have to be extremely
large to continue to provide protection functiod®y could be sitd closer to shore. Best suited
for low to medium tidal range areas.

MLW to MHW; subtidal. Located intertidally or subtidally, but typically designed with crest
elevation at MHHW, therefore quickly overtopped during storms; not effective at dealing with
storm surge event&?

Flat to steep. The breakwater itself will not be impacted by the intertidal $|dpé other
project components, such as a marsh planted behind the breakwater, may have specific slope
requirements.

Fht to steep.Thebathymetricslopewill influencethe sizeandtype of wavesthat impactthe
structure,andthusshouldbe consideredn the waveanalysis’

High to low. Assuming wave energy is the primary driver of coastal erosion at the site, an
appropriately sized and placed breakwater should be capable of mitigating the erosional
problem under most conditions.

IceSensitivity

ClimateVulnerability

Surrounding-andUse

Currentguidancesuggestsizingstoneso thatthe medianstonediameteristwo to three times
the maximum expected ice thicknesk colder climates, oysters/mussels should be
submergedbelowMLW)to preventthem from freezingduringthe winter months’

Theeffectivenesof a breakwaterwill be reducedovertime assea levetise graduallyreduces
the freeboardof the structure.Livingreef breakwatershavesomecapacityto adaptto changing
conditions, as long as sea level rise is relatisiely.’

Projectsneedto be plannedalongsideother competingwater uses suclasboating,fishing,
shellfishing, and aquaculture. Consideration should be given to potential conflicts with existing
navigable waters.
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4.0 APPLICABILITY INDEX

The Team developed a framework for users to explore and learn about the different site
chamcteristics important for selecting a LS design. Appropriately sit@glesigns is
essential to the success and longevity of a project. Variations in existirgpadiic
resourcesopographiesindtidal rangescangreatlyimpactprojectsuccessin fact, experts

report thatS projects that fail, often fail because the design was not well matched to the
site characteristics. Not allS types are appropriate in all locations. Recognizing the
challenge of properly siting LS designs, we developédrzing Shorelines Applicability

Index

This Excetbased tool provides a series of pddiwn menus that can be used to define a
particular sitebds characteristics (e.g.
the requirements of each LS type, &@plicability Index tool then scores and categorizes
each I|iving shoreline type as ALikelyo,
location. The index is an informational tool and draws on professional opinions collected
to set the scores for @a LS type for each criterion. The final categorizations were based
on professional judgement, as well as the maximum possible score. These designations
are meant to be comparative, rather than absolute, and are designed to highlight particular
setsof LS typesthatwouldlikely bemoresuitedto a particularsitethanothers. As aresult,

the Applicability Indexis providedasaninformationalplanninglevel tool only andshould

not be used to make final project designs. However, it is designed to peousieful
foundation from which to begin to narrow the focus of the site assessment and project
planning steps that will ultimately lead to implementation of a final design implemented
by an experienced. S professional. More details about the Applicabilitydex are
provided in AppendiA.

Link to Living Shorelines Applicability Indetool.

Living Shorelines Applicability Matrix

Living Shoreline
Type is Applicable
Living Shoreline Type to Site?

Dune - Matural Unlikely

Dune - Engineered Core Unlikely

Beach Mourishment Likely

Coastal Bank - Natural Likely

Coastal Bank - Engineered Core Fossible

Matural Marsh Creationf/Enhancement Likely

Marsh Creation/Enhancement w/Toe Protection Likely

Living Breakwater Possible

Figure 1. Example results from the Living Shorelines ApplicabilityMatrix.
Living Shorelinesn NewEngland 28 July2017
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5.0 SUMMARY

The profile pages add to the resources available to those charged with regulating,
designing, implementing and monitoring LS in New England. More importantly, they are
also an important communication tool for reaching those considering a LS solution for a
specific coastal challenge. The profiles provide important details about the different
designs, but ultimately those working with LS will need to developsgi&ific design
plans. The authors expect that the profiles will continue to be updated asfoemation
becomes available.
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A smaller subset of Team members participated in multiple workshops, conference calls
and review rounds, including two workshops focused on reviewing every part of each
profile page. They include:

Tom Ballestero, University of New Hampshire

Chris BoelkeNational Oceanic and Atmospheric Administration

Bruce Carlisle, Massachusetts Office of Coastal Zone Management

Dani Carter, Northeast Regional Ocean Council

Caitlin Chaffee, Rhode Island Coastal Resources Management Council

Steve Couture, New Hampshir@partment of Environmental Services Coastal
Program

Peter Francis, Connecticut Department of Energy & Environmental Protection
Janet Freedman, Rhode Island Coastal Resources Management Council

Rebecca French, Connecticut Institute for Resilience & Climate Adaptation
(CIRCA)

Lisa Graichen, University of New Hampshire
Rebecca Haney, Massachusetts Office of Coastal Zone Management

Kirsten Howard, New Hampshire Department of Environmental Servicasté&l
Program

Adrianne Harrison, National Oceanic and Atmospheric Administration
Steve Kirk, The Nature Conservancy

Julia Knisel, Massachusetts Office of Coastal Zone Management
Elise Leduc, Woods Hole Group

Trevor Mattera, University of New Hampshire

Steve Miller, Great Bay National Estuarine Research Reserve

Ru Morrison, Northeastern Regional Association of Coastal Ocean Observing
Systems

Peter Slovinsky, Maine Geological Survey

John Torgan, The Nature Conservancy

Ted Wickwire, Woods Hol&roup

Jeff Willis, Rhode Island Coastal Resources Management Council

We are grateful for the support of the talented contributors to this project and NROC,
NERACOOS and NOAA.
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APPENDIX A: APPLICABILITY INDEX SUPPORTING MATERIAL
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TheLiving Shorelines Applicability Indexvas designed using an Excel spreadsheet. This
method has multiple benefits. First, it is a program that many users are generally familiar
with, soverylittle additionaltrainingor instructionis necessaryo opeiateit. Secondgells

within the Excel sheet can be locked or unlocked. By locking the cells that contain
equations and connections to other data, and leaving only pull down selection options for
theuserto changethereis verylittle risk of useraunintentionallyalteringanyof thecriteria
weightings or spreadsheet connections. On the other hand, because these cells can be
unlocked, it allows more advanced users to edit criteria scores, add additional living
shoreline types, or add additional $#ien criteriacategories.

Figure A1 below shows the blank, unscored Living Shoreline Applicability Index. There
areeightscoringcriterialistedin row 4 (1) (e.g.EnergyState ExistingResourced\earby

Sensitive Resources, etc.) and eight diffetgpés ofLS under consideration are listed in

column A (2). For each LS type, as a selection is made for all eight of the scoring criteria

in row 4 using puldown menu options in each cell of row 5 (3), the main matrix will
automatically populate with aasre (4), and the overall ranking for each LS type will be
computed based on the (B)serds entered scoring

A B 1. Scoring Criteria F 6 H I f
1 Site Specific Characteristics

¥

Existing Nearby
Environmental| Sensitive Intertidal Bathymetric
2 Site Name Energy State Resource Resources Tidal Range Elevation Slope Slope Erosion
3 <Insert Site Name>
4
5 o
. 3. Pull-Down Options
7 Living Shorelines Applicability Matrix
Existing Nearby Living Shoreline
Environmental|  Sensitive Intertidal Bathymetric Type is Applicable
3 Living Shoreline Type Energy State Resources Resources Tidal Range Elevation Slope Slope Erosion to Site?
9 Dune - Natural 0 0 0 0 0 0 0 0 Unlikely
10 Dune - Engineered Core o 0 ] ] ] 0 0 0 Unlikely
11 Beach Nourishment #N/A #NSA H#NSA HNSA HNSA #NJA
12 Coastal Bank - Natural #NfA H#NfA 4 MatriX Self_ #N/A #NJA #NJA _HN/A
13 |Coastal Bank - Engineered Core #N/A H#N/A . H#NA H#NJA H#NJA / #N/A
14 |Natural Marsh Creation/Enhancement HNJA HNJA POpU|ates HNJA ANJA I A
A
15 Marsh Creation/Enhancement w/Toe Protection #N/A H#NfA #NJA #NJA #N/. #N/A
16 Living Breakwater g H#N/A #NJA an/a [ wnia [ an/a [ aNA HN/A A #N/A

17
o . 5. Final Categorization
2. Types of Living Shoreline

Figure A-1. Living Shoreline Applicability Index layout.

Scores for each of the potential answers for each of the eight (8) selection criteria were
developed by consensus with the Team. The numerical scores for eauimpateswer

range from 1 to 5, with 1 indicating a poor fit between thatspeific condition and that

LS type, and 5 indicating a good fit between the LS type and the site conditions. The
scoring reference sheet i Excgpworkkbookded i n t he 0

To utilize the Living Shoreline Applicability Index users need only to select one choice
from each of the eight (8) drop down menus (yellow cells) below the selection criteria.

Living Shorelinesn NewEngland A-2 July2017
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Table A1 below lists all the available options for each of the selection criteria, and Table

A-2 defines each choice to give users a better understanding of what each option means.

Based on the individual scores for each site characteristic, a totamsttdye computed

for eachLSt ype, and each LS type wil!/l be categc
AUNnl i kelyo in terms of its suitabiliany for t
information planning level tool to start the discussionuabwhatLS design types might

be appropriate for a site, and no final decisions should be made basedul.this

Table A-1.  Living Shoreline Applicability Index scoring categories.

Energy Existing Nearby Tidal Elevation | Intertidal | Bathymetric| Erosion
State Resourceg Sensitive Range Slope Slope
Resources

High; Coastal Endangered/ | Low; >MHW,; Steep; Steep; High;
Moderate; | Bank; Threatened Moderate; | MHW¢ Moderate; | Moderate; Moderate;
and Coastal Species; and MLW; and and and
Low; Dune; SAV, High and Flat Flat Low

Coastal Shellfish; <MLW

Beach; Cobble/Rocky

Salt Bottom; and

Marsh; None

Mudflat;

Subtidal;

and

Vegetated

Upland
Living Shorelinesn NewEngland A-3 July2017
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Table A-2.  Definitions for scoring categories for LivingShoreline Applicability
Index.
Energy State
High project site has waves > 5 feet, strong currents, high storm surge
Moderate project site has 25 foot waves, moderate currents, moderate storm surg
Low project site has waves < 2 feet in height, low current, low storm surge

Existing Resources

Coastal Bank

project will occur where there is an existing coastal bank

Coastal Dune

project will occur where there is an existing coastal dune

Coastal Beach

project will occur where there is an existing coastal beach

Salt Marsh project will occur where there is an existing salt marsh
Mudflat project will occur where there is an existing mudflat
Subtidal project will occur in an existing subtidal area

Vegetated Upland

project will occur where there is an existing vegetated upland area

Nearby Sensitive Resources

Endangered/Threatened Sp.

project site is near or in habitat of endangered or sensitive resources

SAV

project site is near or in an area that contains submerged aquatic
vegetation (SAV)

Shellfish project site is near or in an area that has significant shellfish population
Cobble/Rocky Bottom project site is near or in an area with cobble or rocky substrate
Tidal Range

Low tide range at project site is less than 3 feet

Medium tide range at project site is between 3 and 9 feet

High tide range at project site is more than 9 feet

Elevation

>MHW location where project is to be built is above MHW

MHW - MLW location where project is to be built is between MHW and MLW
<MLW location where project is to be built is below MLW

Intertidal Slope

Steep slopes 3:1 (base:height) and steeper

Moderate slopes between 3:1 and 5:1 (base:height)

Flat slopes 5:1 (base:height) and flatter

Nearshore Bathymetry Slope

Steep slopes 3:1 (base:height) and steeper

Moderate slopes between 3:1 and 5:1 (base:height)

Flat slopes 5:1 (base:height) and flatter

Erosion

High erosion at project site is high (>3 feet/year)

Moderate erosion at project site is moderate-Glfeet/year)

Low erosion at project site is low (<1 foot/year)

Living Shorelinesn NewEngland
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APPENDIX B: EXPERT INTERVIEW RESPONSE SUMMARIES
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1. What is your opinion regarding the state of living shorelines ikalseern U.Sth
New England (and other colder weather climatés¢hds
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Figure B-1. Response word cloud for Question #1: What igour opinion
regarding the state of living shorelines in the Eastern U.S? INew
England (and other colder weatherclimates)?

la. Do you think theyo6re being i mplementec

1 There is general agreement that living shorelines (LS) are being designed
and implemented in New England although the approaches are stilhearly
development compared té& projects in the MidAtlantic. However, thre
are not many examples that have been in place long enough to identify
trends and monitoring ignited.

1 LS have been used in m#lantic for 40 years. They are clearly gaining
traction and higher visibility in New England in recgaars.

1 The topic ofLS is raised in meetings more frequently, but the discussions
do not necessarily translate iqtmjects.

1 Thoseworkingin thefield disagreeaboutthefollowing terminology:LS vs
green infrastructure and design names and classifications. For example,
dune construction and restoration has been done for years, but there is
disagreement about whether dunes dr8.a

1 There are nomxperts that are not using engineering principles and peer
reviewed approaches claiming to be implemenitifg

Living Shorelinesn NewEngland B-2 July2017
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1 Permitting is driving the use of LS in some areas because hard structures

are not allowed unless they are in danger of fa{lGre.

1 Examples of approaches that are implemented in New England include:
dune restoration, sacrificial dunes, beach nourishment, coastal bank
protection with vegetation, natural fiber blankets and coir rolls, and marsh
creation/restoration (primarily withoptotection).

la. Do you think living shorelinesre
being implemented?
8

% 7

S 6

25

(%]

Q4

S3

3

g2

=21

0 L]
Yes, in Ne Yes, But More No Did Not Respon
England Commonly irthe
Mid-Atlantic
Figure B-2. Responses to Questiotila.

1b.Do you think LS should be implemented more frequéntly
1 Yes.Thereis generakconsensuthatLS shouldbe appliedmorefrequently.

There is some hesitation by homeowners because there is not ésmoggh
term monitoring to show how wdlS work in NewEngland.

1 There is agreement that there needs to be more thought put into the siting
process and fitting an approach to sharacteristics.

1 LS are an important alternative to gray infrastructure because theglpot
provide protection but also add habgatvices.

1 There is an opportunity to implemebhs more frequently, but science,
guidelines, training, incentives, and general knowledge about the
approaches are adicking.
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1b. Do you think they should &
Implemented more frequently”
9
8
S 7
%6
@ 5
= 4
33
S
1
0
Yes In Some Cases, \ No Did Not Respon

Figure B-3. Responses to Questiotilb.

1c.Do you think the LS that have been implemented are working? What needs
to chang@

1 This is largely an open question in New England because of a combination
of few longterm examples and lack of monitoring of thegamples.

1 In some specific cases, e.g. reef balls in CT and dune restoration in MA,
they have worked quiteell.

1 There is adck of consensus about appropriate monitoring metrics (and a
lack of money to fund the monitoring for appropriate tpeeods).

1 There is a clear need to reach consensus on site assessmenbentarse
not all sites can be restored or made more rasilising LS designs and
only certain designs will fit with specific site characteristics. The LS
projects that do not work tend to have not been sipgdopriately.

1 There is a need to compile best practices based on experience asSmore
designs aremplemented.

1 There is a need for practitioner trainiogportunities.
1 Toincrease acceptance and use, the regulatory processmbedsaore
predictable antransparent.
9 Care should be taken to avoid oversellingapproach.
1 Routine maintenance should be required ompidgects.
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1c. Do you think the ones thdtave
been implemented are working?

1JII

In SomeCasesyYes  Uncertair Did Not Respon

Numberof respondents
O B N W M 01 O N ©

Figure B-4. Responses to Questiofilc.

1d. For Practitioner§ have you seen an uptick in interest and application of
living shoreline project typés

1 There is definitely interest, but also some concerns. The LS ppogeess
from gathering data to design through permitting is uncertain and can take
much longer than implementing the more predictable and tested gray

designs.
1 Thereis asensehatreguldorsaredriving thepushinto LS, andthe paying
public is most inteapmemthed in the o6trie

2. What are the benefits of using a living shoreline approach compared to a gray
design to shorelinprotectior?

1 The ecological services provided b$ exceed those of gray designs and
include not only protection, but habitat creation, restoration/improvement,
extension, stabilization and aesthetic improvemerifs. completed
correctly, the ecological processes continue naturally, i.e. there is no
significant interruption and the ecology of the system is mesdient.

LS have fewer impacts areighbors.

Costs can be lower than gray designs in scases.

LS can be easier to permit than gray designs in S@ses.

If well designed, they argelf-sustaining/maintaining.

Living shorelines can provide better erosion protection and in some cases
flood/storm protection/surge mitigation (less costly up front, less costly to
maintain/repairwith fewersecondargrosive/floodmpactsto neighboring
properties), higher quality habitat for fish, birds and other species, more
carbon sequestration and storage, better water pollution (nitiagekn

= =4 -8 -4 A
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sediment) filtration/uptake/capture, higher aesthetic benefits, and greater
adaptive cagcity to longterm sedevel rise (Howard, 2016).
1 LS can preserve and enhance intertiddaditat.
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Figure B-5. Response word cloud for Question #2: What are the benefitd using
a living shoreline approach compared to a gray design to shoreline
protection?

3. What are the challenges or drawbacks of using a living shoreline approach
compared to a gray design to shoreline protectdnstacle®

1 Thereis alack of sitesuitability metrics,alack of performancenetricsand
a limited track record in New England because they are so new. Unlike
gray designslL.S are much less of a orséze fits all and the performance
criteriacanbeconfusinggiventhemanydifferentservicea LS canprovide.

1 Challenging coastal issues @it lead to a gray design default rather than
exploring LS options. For example, ice rafting and large tidal rangres.
some cases, given site conditiobS,will not work.

1 LS have not been in place long enough to assess how well they hadid up.

contrast® some gray designkS require regulamaintenance.

Regulatory landscape can d@@nfusing.

The site and design assessments, data collection and permitting are time
intensive and the unpredictability of the process can reduce attractiveness
of LS options.

= =4
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Even if thelLS design is the same, different sites require different site
assessmentse. thereis someefficiencyin repeatedpplicationsputevery

site requires a certain level of data collection amalysis.

There is a misperceptiorhat only gray designs really work. This is
reinforced if LS designs are not properly designed/sited and developed.
Because they are new and there are limited best practice compilations,
poorlysitedprojectsdo occurandcanmisleadthe publicaboutthe potential

for LS.

Cost can be prohibitive fdiS in some states/locations.

In some cases, I8S design may require consideration of land for retreat
over timei landowners can be reluctant to give up more of fireperty.

Impact of some designs on surrounding natural systeeg. Agriculture
Department expressing concerns about shellfish reefs because of the
potential spread of disease. Even if there would be an overall net biénefit,
there are existing natural resour¢eg. wetlands) at a site, permitting can
bedifficult.

Therearelimited trainingopportunitiedor practitionersncludingoverview

of constructiortechniquesgesignssitecharacterizatiorpermitsandcosts.
Documentation of actual case studies is als®ential.

4. Haveyoudevelopedr observediving shorelinedesignghatareparticularlywell-

suitedto thechallenge®f the New Englandclimate,e.g.snow.ice, winter storms?

(specificsites/examples?)

T
T

4a.

= =4 =

Thereh a v éeedenhoughexamplesappliedfor alongenoughime period

to reach finatonclusions.

There has been some success with marsh restorations, and dune restoration
with revegetation. Also natural slope protection with coir niateand/or
vegetation is a widely usdd design in NewEngland.

LS designs must be well matched to conditions at siéeh

In your opinion, what are the Best Practices in cold clin?ates

SomeLS expertdakespecificstepsputmanyarguethataslongasadesign

fits a site well (i.e. based on key site characteristics such as matching the
site geology) unique steps do not need to be taken to protect against ice or
cold weather. Nature will tell you what works thest.

Appropriate project prepaiah and installation timing can protect against
cold climate issues. For example, installing vegetation in the spring so it
will have time to establish before the winter. Some practitioners wil pre
establish vegetation over the winter and plant earlaspring.

Sills havebeenusedto dealwith theelevatedidal range putthereis limited

data regarding the most effective protective sill elevation. There is a need
to balance biological needs with protection agalasbtage.

The use of gradual slopes can protect againstaoege.

Reef balls have been constructed with special concrete to withstand

Rock structures can be used to break wave energy. The most effective
structuresncludestonescontactingotherstonesatthreepointsto minimize
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freezethaw issues. Using a range of grain sizes in placed material can also
build resiliency.

Designs that incorporate trapezoidal shapes are thestabss.

Modify designs based on position in tidal zone, for examplsing reef

balls and they are too high in the intertidal they rfinegze.

= =4

4b. Do you specifically design around e

Seeabove.

Ice is not a factor for allS designs (e.g. beach and dune nourishment or
coir and vegetated banks which are above highihdg

= =4

4b. Do you specifically design around i
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Figure B-6. Responses to Questiofida.

4c.What are your favorite LS designs in this area? Best materials? What do
you avoid in your desigris

1 Some experts mentioned dune and beach nourishment, coir and vegetative
stabilization of banks, and salt marsh restoration/creation. Hybrid designs,
such as a protected toe or sill with a wetland, waek.

1 Designershouldavoidsynthetidabricsin designdecauséheycanrestrict
rootgrowth.

4d.What are the property owners favorite living shoreline design ?ypes
1 They prefer the aesthetics of a natural shoreline, but if erosion and storm
threats are elevated, they prefer gray designs because afkicact.
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4e. Are there specific technigues or design elements that help to increase the
resiliencyofadesi gn i n New?Engl andbs cl i mate

1 Engineeredill

1 Reef balls withcement

1 Managing runoff can help stabiliz& designs.

5. In your work on Living Shorelines, how have habitat/environmental services (e.g.
habitat,carbonsequestratiomunoff controls waterquality, sedimentationérosion
control) been accounted for in these designs (compared to gray designs)? How do
we prove what services are present and guantify them? What are the primary
environmental services you consider or promote when recommendinin@ i
shoreline adaptation? How do these habitat benefits vary across living shoreline
types?

1 One of the most frequently mentioned ecological services is the protection
or expansiorof EssentiaFishHabitat(EFH) throughtheuseof LS designs.

The presencef bait fish can help to confirm the quality of the reabitat.

Interviewees did not list specific ecological services by LS degmm

It is difficult to compare multipld.S design types because they are site

specific and there are so many differemnponents for any givetesign.

1 Ecosystem services are often viewed in terms of what could be lost in a LS

conversion rather than the potential positive gain of ecosysterites.

Dissipation of energy is an important functiorL&.

A before and after ecoparison can be a valuable approach, considering the

tradeoffs of the status quo verdiS implementation. Characterizing and

understanding baseline conditions is necessary to properly evaluate trade
offs.

1 A net benefit analysis can be conducted. Rat&n £xamining tradeoffs,
respondents suggested th& designers should focus on characterizing
what is present at the start of a project, adjust a LS design to incorporate
what is already present, and at the end of the project evaluate the net gain
in habtat through a comparison to thaseline.

1 A challengearisesvhenalS designwill leadto anaturalsystenthatdiffers
from what is already there, e.g. a shift from a subtidal area to a marsh
wetland. In general, however, a design that fits in with what is or was
already there will ladbnger.

1 Sediment distribution is an important habitat consideration. Thenmeisc
for a greater focus on quantifying negative impacts to local sediment
budgets from gray designs and identifying the influence of LS on sediment
movement.

= =4

= =

5a.How do you assess or monitor the effectiveness of your designs? Are there
specific metric8

1 In most cases, a wedited and designed LS will have a positive influence
on habitat.
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The primary focus should be on whether the implementation of a LS has
met the project goals. In most cases the goal is to reduce coastal erosion.
This canbe assessed through comparative, ntuite periodmonitoring.
Othermeasuresnightinclude:changesn marshareaovertime, changesn
species diversity, comparison to the sdrBeat other locations; percent of
beach fill remaining; # of viable plants after a cerfanod.

Periodic observations to determine if new erosion is occurring or if a
wetland behind a sill is washing out can help limit lbegn failures. In
somecasesinonitoring canberequiredby apropertyowner.Phototracking

can also be a useful approach to evaluate changéimeer
Theappropriatenonitoringperiodis notwell defined. Thereis no standard.
Generally, a minimum monitoring time isyBars.

Numberof Respondents

O B N W b~ 001 O

5a. What specific metrics do yause
to monitor your designs?

. ESESEEESSNT 3z ST 02z°z° A a0z S

Fish Percentoffill Vegetation Slopestability Preventing
abundance  remaining surviva erosion

Figure B-7.

Responses to Questiofiba.

6. Aretherecompilationsof Living Shorelinedesignghatyou useand/ordevelope@

1 References are included in RepRdferences.

7. Do you know of any case studies that we could use to illustrate how well these

designgerform?0r thechallengesssociatedvith them? And thecosts?We need

to identify the actual practitioners to gather progstiails

1 Case studies are included in the Prdfiéges.

8. What is your sense of living shorelines in terms of the regulatory comniunity

whethelin thatcommunityor partof arequlatecgroup? Do therequlationsn your
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state (or those in other New England states for which you have knowledge)

encourageiseof living shorelineapproachesegstricttheir useor influencein some

way which designs can be used and at which sites? Can you provide examples of

incentives for use?s there a sense that living shorelines are accepted and/or

promoted and if so why? What are the specific regulatory requirements

(opportunities and chlanges) for living shorelines (as a group) and for specific

design types in your state or fedgtailsdiction?

T

E

NOTE: Specific regulatory considerations are discussed on the profile
pages and a report that summarizes the regulatory landscape in New
Englandin detail is available (Willis et aln Press).

Regulations vary among the New England states. State regulations are
evolvingandeachstateis atadifferentstepin thedevelopmenprocess.LS
arerequiredto beconsideredn somestatesputaremoredifficult to permit

in others. Some states are just starting to develop regulatory specifically
concerning LS. Depending on the project location, practitioners must deal
with local, state and/or Federalgulators.

There is a lack of consistency betweerragies, among and within states
and even from one community to the next. The review process and permit
applications are not always predictable. There is a need to streamline the
process, increase transparency and provide an efficient method to assess
sites

In manycasesegulatorsaredriving LS designduy tighteningrestrictionson

gray designs, but there are not always clear incentives for choosing a LS
design.

Regulatoryconcernsnclude:doesthenetbenefitof the projectoutweighthe
impact of develpment; and is fish habitat lost, expanded or threatened by
theproject?

Engineers, homeowners, municipal leaders all want to shifsto

There is a definite shift in favor of LS. Historically in Maine, for example,
under -dyReid mi, 6 p | dell undey anrabbpeviated permit
process. Now the permitting process is more holistic and requires
consideration of naturaésources.

Endangered species habitat can restrict the us&S ¢and gray designs).
Conversions from one system to a nidvdesign are often discouraged by
marine fisheriesegulators.

A regulatory challenge is the limited number of regulators familiar enough
with LS to review, manage and permit. Many regulators have not seen the
designs and need to trained.

9. Is climate chage/sea level rise considered in your work with living shoreline

designs?If so, in what way$ e.q. design life, maintenanaetivities?

1 Responses varied from not at all, the focus is on current conditions to
climate is considered in the site charactgron and desigprocesses.
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1 Considerations of the sustainability of a project, storm frequency and

vulnerabilityof LS designsareincreasinglyrequiredin solicitations putnot
specifically required byegulations.

1 There is a general expetitan (emphasized by regulators) that climate
impacts should be considered in the design and siting process. LS designs
are more flexible in terms of migration compared to gi@signs.

1 On the ground, there are not many examples of direct design actions to
accommodate changing sea levels and storm inundations. One example
includesLS designs with a migration corridor included to accommodate
shifting of the LS elements as sea levéls.

1 LS designs should consider potential impacts from changes in salithity
sea level risehanges.

1 Designs should consider storms and to the extent storm predictions
incorporate climate factors, the designs will account for clinnapacts.

1 Somedesignsareavoidedbecaus@aturallyoccurringversionsarestressed
and degraded due to current sea level rise, e.g. mE@aton.

9. Is climate change/se&vel rise
considered in living shoreline design
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Figure B-8. Responses to Questio#9.
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Figure B-9. Response word cloud for Question #9: Is climate change/sea level rise
considered in your work with living shoreline designs? If so, in what
waysi e.g. design life, maintenance activities?

10. What methods have been most successful for educaiversed audiences
(contractors, requlators, engineers, public, homeowners, etc.) about living
shoreline®

1 Workshopshavebeenheldthatbringtogetheregulatorscoastakngineers,
academics and practitioners together and include discussions ofcasteal
studies.

1 Outreach and education in Connecticut includes workshops with the
University of Connecticut. These cover detailed examples and design
standardsparticipationin developinga designfor amodelsite,andapanel
of regulatory experts from tH&tate and Army Corps discussing isSues.

1 Fact sheets have been and are being developed by many groups (e.g. MA
CZM Storm Smart, University @& T).
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