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especially for coastal bluffs (both developed and undeveloped). As a
result, there has been an increased interest from municipalities for
“softer” approaches

' * NOAA funded Project of Special Merit: Building Resiliency Along
Maine’s Bluff Coast

e NOAA-funded regional project: High Resolution Coastal Inundation .~
Modeling and Advancement of Green Infrastructure and Living |
Shoreline Approaches in the Northeast (Phase 1)

- * NOAA-funded regional project: Increasing resilience and reducing
risk through successful application of nature based coastal

__infrastructure practices in New England (Phase 1)
i
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State of the Practice

Outcomes:
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Outcomes: Living Shoreline Profile Pages

Dune — Natural Coastal Bank — Natural Marsh Creation w/Toe
Dune - Engineered Core Coastal Bank — Engineered Core Living Breakwater
Beach Nourishment Natural Marsh Creation/Enhancement

o . A detailed profile page was created for each of the eight (8] living shoreline types listed below. The purpose of these profile pages is to provide a comprehensive
I'“"'g Shorelines Introduction overview of the design recommendations, siting criteria and regulatory topics pertiment to a range of living shorelines designs that practitioners and regulators can
use as a quick reference in the field or as an informational tool when educating home owners.

Living 1. Dune—Natural 5. Coastal Bank — Engineered Core Explanation of Design Overview Tables
Z. Dune—Enginesred Core 6. Natural Marsh Creation/Enhancement
3
d.

Shoreline . Baach Mourishment 7. Marsh Creation/Enhancement wiToe Protection Materials & description of materials most commonly used to complete a living shoreline project
Types Coastal Bank — Natural 8. Living Breakwater ok this typs
Habitat Components & list of what types of coastal habitats are created or impacted by a living shoreline

Design Schematics project of this type.

The following living shoreline profile pages provide an example design schamatic for each of the eight living Durability and Maintenance although spacific timelines are impossible to provide in this context, general guidelines
shoreline types. Each schematic shows a generalized cross-section of the installed design. In addition, they and schedules for probable maintenance needs, and design durability are datailed here.
illustrate each design’s location relative to BMHW and RMLUW, whether plantings are recommended, i fill is required, ) ) . o ; . - . 5
and any other major components of the design. 1t is important to note that these are not full engineering designs, Design Life e e e

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

This section provides an oveniew of the ecological senices that could be provided or
improved through the installation of that particular type of lving shoreline project.

and due to each sites unique
conditions, 3 site specific plam,
developed by an experienced
practitioner is required for all living
shoreline projects. also note that
these design schematics are meant
to provide a general concept only,
and are not drawn to scale.

Ecological Services Provided

This section provides amy unique practices or design improvements that could be made
to improve the performance of the design given New England climactic and tidal
challenges.

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

Misquamicut Beach Dune Restoration, Westerty, RI

Photo courtesy of Janet Frisdman
Case 5tu d‘!l' one example case study, with the following information, is provided for each living shoreline type. Cubic yards; one cubic yard equal 27 cubic feet.
: : ; o Project materials are often measured in cubic yards.
Project Propomesnt The= party nesponsible for the project.
Status The stetus of the project (Le. design staze, under construction, or completed] and completion date it Miean High water: The averaga of all the high water
aporopriste. Ll {i.e. hizh tide) heizghts observed over a period of time.
Permitting Insights Thiz saction notes sy spaciic permitting hurdies thiat oocurred, or any rezulstony insights that might help MTL Mean Tide Level: The average of mean high water and
facilitate simitsr projects inthe future. mean low water.
Construction Motes This s=cticn identifies major construction methods or technigues, any unique matenals that were used, or Mean Low Water: The average of all the low water
devigtions from 2 traditional design to accommaocate site spediic conditions. MLW ||E |DWT|{E} MWH’WEFE Hm of tima.
Mzintenance kssues i the project is complete and has enkened the mmi:lﬁrm this section will note m:m:rih:pmbct Submerged aquatic vegetation, which indudes
e funictioned chly, if it is holding » dfor i T s hawe be d B
,,-,“un ::r: by, ifitis ing up, and,or if any 5 CmEntenance nee £ been require: SAN SEI 55“‘:‘; ESEE-IEEISS.[. ] and
Fi
el Cost Kﬁ:ﬂ;@mmm: project, broken down into permitting, construction, monitoring, etc. Naturally e broken
R - - : : . ) ) down by weathering and erosion. Finer, small-grained
Challenges Thiz sectiones highlights any unique challenges associsted with & particular project and how they wene !
/—\ — . sediments are silts or days. slightly coarser sedirments
are sands. Even larger materials are gravels or cobbles.

LN :
wéﬁ:ﬂi!ﬂ https://www.conservationgateway.org/ConservationPractices/ I\/Iarlne/crr/ Documents/
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Outcomes: Living Shoreline Profile Pages

Dune — Natural
Dune — Engineered Core
Beach Nourishment

Living Shorelines Introduction

Overview of Regulatory and Review Agencies Table

This table is intendad to provide a comprehensive list of all the regulatory and review agencies that would
potentially need to be contacted for a particular type of living shoreline project. State agencies are listed
separataly for each of the e coastal northeast states (Maine, Mew Hampshire, Massachusetts, Rhode
Island and Connecticut). Federal agencies that may nesd to be contacted for a project in any state are also
listed. Mote that thesa lists represent the full mnge of potential agencies. If projects do not exceed certain
thresholds (2.2 extending below MHW, exceeding a certain footprint area) they may not be required to
contact or receive a3 permit from all agencies listed.

Feef Ball Living Breakwater and Marsh Restoration

stratiord, CT

Photo courtesy of Jennifar Mottai
—- ..'H‘...,..l i
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Use and Applicability of Profile Pages

The profile pages that follow have been developed to improve the understanding of ight [8] different living
shoraline designs. They have been designed to facilitate cormmunication among the public, regulatars,
practitionars and researchers and to provide a common starting place for more detailed desizn disoussions
to follow. They are one of many resources available to those interested in coastal resilience. The compact
layout provides a printable 117 » 177 page that can be used in the field or office. The format captures the
primary focus areas required to identify which living shoreline desizns are a good fit for a specific site [note
that there may be multiple lving shoreline options for some sites). The reader is presented with specific
site characteristics, & conceptualization of the overzll design, the challenges and benefits associated with
each living shoreline design type, identification of the regulatory agendies involved in approving a design,
amd an illustration of how all of those components corme together in a cse study for each Iving shoreline
type. These profile pages are expected to be updated periodically as more data become available. Thase
profile pages should not take the place of 3 more comprehensive site evaluation and design process, but are
intended to help further engage stakeholders and experts in an informed discussion about varous lving
shoraline typsas.
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Coastal Bank — Natural
Coastal Bank — Engineered Core
Natural Marsh Creation/Enhancement

Marsh Creation w/Toe
Living Breakwater

Explanation Key for Siting Characteristics and Design Considerations

Selection Cl S
EEnerg','StatE

Existing Envirommental
Resources

Mearby Sensitive
Resources

2] Tical Range

B Elevation

Intertidal Slope

m Bathymetric Slope

EEmﬂ':n

& measure of the wave height, current strength and storm surge fregquency 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
Mioderate: Project site has 2 to 5 foot waves, moderate currents, moderate storm surge
Loww: Project site hias waves less than 2 feat in height, low current, low storm surge

Existing ervironmental resources that a proposed lving shoreline project is able to overlap with.
Vegetated Upland

Coastal Bank Salt Marsh
Coastal Dune Mudflat
Coastal Beach Subtidal

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

Endangered/ Threatenad Spacies

Submerged Agquatic Vegetation {5V

Shellfish

Cobble or Rocky Bottom Habitat

The magnitude of tidal mnge at a site that would be suitable for a particular type of living
shioreline design.
High: Tide range at project site is more than 2 feet
Moderate: Tide range at project site is betwean 3 and & fest
Lowy: Thde range at project site is less than 3 feet
The elevation, with respact to the tide range, where a particular living shoreline project type
shiould be sited.
Abowe MHW: Project footprint is entirely above BMHW
BAHW to MW Project footprint is located within the intertidal zone
Bedow MLW: Project footprint is located in subtidal areas
The intertidal slope appropriate for siting a particular ving shoreline project type.
Steep: Project site has an intertidal slope steeper than 3.1 [basa-height)
Miderate: 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 bathyrnetric slope appropriate for siting a particular living shoreline project type.
Steep: Project site has an bathymetric slope steeper than 3:1 [baseheight]
Moderate: Project site has an bathymetnic slope between 3:1 and 5:1 [base-height)
Flat: Project site has an bathymetric slope flatter than 5:1 [basecheight)
The rate of coastal erosion at a site that would be suitable for a particular living shaoreline
project type.
High: Erosion at project site is high (=3 fest/year]
Moderate: Erosion at project site is moderate [1-3 faet/fyear)
Lovw: Ergsion at project site is low <1 foot/year)

https://www.conservationgateway.org/ConservationPractices/Marine/crr/Documents/

Vasl

FINAL CombinedProfilePages 7 12 2017.pdf

GEOLOGY



https://www.conservationgateway.org/ConservationPractices/Marine/crr/Documents/FINAL_CombinedProfilePages_7_12_2017.pdf

Potential Living Shoreline Suitability
Casco Bay, Maine
Suitability Scores

Total Score

® 0-10 (Highly Unsuitable)

@® 11-17 (Likely Unsuitable)
18 - 23 (Possibly Suitable)
24 - 30 (Likely Suitable)

Agriculture
Conservation]

31 - 37 (Suitable) i Toresery

L/_/

Otcos: MGS Gls-ased deéiSion support tool for
living shoreline suitability




Outcomes: Cumberland County Soil and Water
Conservation District

Plantmgfor Slope Stabilization on Mame’s (oastal Bluffs

Coastal Bluffs—defined as "a steep shoreline shope formed i sediment (Jocse material such as clay, sand
and gravel) ¢ has three Ret or mare of vertical edevation just above the high tide line” (Maine
Geological Survey)—make up about 38% of Maine’s coastine. Unstable biutls can erode slowly or
suddenly o
replenshome
property, landowners and shoreline managers may wis!
the risk of sudden collapse.

apse, forming landslides Some amount of bluf! erosion & expecied, and is beneficial to
of beaches and other shareline arcas. However, becawse of significant risks to life and
10 W per the speed of bdull eresion and reduce

The stability of a coastal Nuf! &5 influemced by interactions wit th the |
information for one of the most critical factors affecting bluff erasion r
o0 When selecting plast varieties for slope stabilization, there
inchading salt tolerance, soll depth, and water availability. This guide recommends native Maine plants
that can be used to stabilize coastal shorelines and that have been determined 1o be suitable for

restocation that uses 2 living, saturad shoreline instead of armering (soch as with rip rap). Plant species

nd and sea This guide includes
s and overall stability.
re many factors to be considered,

are organized by whether they are classified as woody o herbaceous and whether they are
recommended for shallow soil {<187) or deep soil [(»18%)

Not all bluff shorelines are suitable for living shorelines. Prior 1o plating a living shoveline, see the
Suitability Table (Tahle 1), to determine if your site is suitable. 1f a shoreline is not a suitable optica for
stabilization, alternatives to tradits ! hard armoring showld be considered. For example woody debris
can be placed on or anchored to shorelines. bn some cases "root wads” [also known &5 100 wood)
shown in Figure 1, may be wsed as an atersative. Woody structares can help protect and anmo
soll, particulardy In areas that receive large waves, by absorbing the wave energy.

as

Bure 1. oot wads inserted into westable banks can hedp protec ¢ soil from erosion, from a pro-
Figure 1. ilo d red table banks h I8 r P

ject in coastal Oregon. In arcas not saitabde for kviag shorelines, ¢t wiads can be an effective alterna
tive providing stabilization and habitaz,

Image sxrce Nislngase tog Asacistec ip/ /Asmgnme nuoom, wosde

COASTAL PLANTING GUIDE

Cumtsertand Conunty Safl & Wartar Canssmvarson (et | 207 5624700 | wew.cembarianduacs. ocp %

Building Resiliency Along Maine’s Bluff Coastline

Technical Manual
for use of the
Shoreline Management Assessment Decision Tree
Finalized October 2017
Revised November 27, 2017
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suaneasntree  SHoOreline

Management
Assessment

~— | Decision Tree
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Shoreline
A _ Management
Assessment Chart

Technical Manual

Case Studies in
Casco Bay
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Bluff Planting
Guide
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Cumberland County Soil & Water 5
Copaan oy o ey Case Study: Mackworth Island | Falmouth, ME




Outcomes: Regulatory Considerations

* There are numerous regulatory challenges regarding permitting
of living shorelines in New England, mostly relating to activities in
regulated resources. As a result, it is generally easier to receive a
permit to construct a rip-rap wall outside of a regulated resource
than it is to pursue a living shoreline in a regulated resource.

* There are unique physical challenges in New England facing living
shorelines (e.g., tide, ice, decreased growing season, etc.).

* Monitoring protocols are not standardized and not implemented
in a way to develop science and learn from mistakes.

* There are few projects actually “in the ground” in New England
making it difficult to develop a better understanding of living
— shoreline efficacy, potential short and long-term benefits

=" and impacts on regulated resources.
GEOLOGY



The goals of the current NOAA grant effort are to:

(1) develop standardized New England-wide guidance and metrics for
nature-based coastal infrastructure project siting, design, permitting,
construction/maintenance, and monitoring, identifying research
priorities, and funding mechanisms;

(2) Implement and/or monitor nature-based coastal infrastructure
projects; and

(3)increase capacity and awareness of regulators, planners, practitioners,
coastal property owners, and the general public of the issues of coastal
inundation and erosion, while considering the potential effectiveness, co-
benefits, and expanded application of nature based coastal adaptation
strategies, where appropriate.

In order to achieve these overall goals, Maine decided to pursue a project
that includes the design, permitting, construction, and monitoring

. of lower cost living shoreline demonstration treatments that

E beneficially reuse materials in Casco Bay, ME.

b
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Site Selection: characteristics

* Eroding bluff or marsh toe

* Ownership
aits ® ACCESS
e High Living Shoreline Suitability (MGS matrix)
B Relatively straight/consistent shore type
w8 » Approximately 150 feet (if possible)

i Representative geography/geology

* Proximity to mapped special habitat types
- » Educational opportunity
E * Proximal previous or additional work

GEOLOGY
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How can we beneficially reuse
naturally occurring materials, to the
maximum extent practicable, to

mitigate marsh, beach, mudflat and
bluff toe erosion?
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ially reuse fallen trees?
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Potential beneficial re-use of fallen trees
(toe of bluff)

Tree-wad(s) driven into toe of
bluff in order to limit toe erosion,
/ above HAT

HAT

Tree-trunks lashed parallel to toe of
bluff in order to limit toe erosion,
above HAT

HAT

draft - for discussion only; final designs determined by engineer



Potential beneficial re-use of fallen trees
(marsh, beach or mudflat)

Tree-wad(s) driven at toe of eroding marsh
or into mudflat approx. 30 feet from toe of
slope, below HAT

~30 feet (mudflat)
or marsh toe

HAT

Tree-trunks lashed and staked parallel to
toe of eroding marsh or on beach or
mudflat approx. 30 feet from toe of

slope, below HAT
~30 feet (mudflat)

€

or marsh toe

HAT

draft - for discussion only; final designs determined by engineer
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How can we beneficially reuse oyster and/or clam shell?
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Potential beneficial re-use of shell material

Bagged shell placed at toe of bluff and
lashed/staked in place to help prevent
toe erosion, above HAT

HAT

Bagged shell lashed and staked parallel
to toe of eroding marsh or on beach or
mudflat approx. 30 feet from toe of
slope, below HAT

~30 feet (mudflat)
>
or marsh toe

HAT

vl
GEOLOGY draft - for discussion only; final designs determined by engineer



Example Demonstration Treatment Site
(toe of bluff — above HAT)

Eroding bluff
(approximately 150 feet in length)

Fallen trees Tree wads Bagged
ior coir Iois)< > _shell < >Natural
control
~20 feet ~20 feet ~20 feet ~20 feet
Beach, marsh or mudflat »
HAT

Approximate 20-25 foot demonstration treatments with 10-15 foot spacing in
between treatments, 3 treatments per site with a natural control. Above HAT.

draft - for discussion only; final designs determined by engineer



Example Demonstration Treatment Site
(on beach or mudflat, or toe of marsh — below HAT)

Site
(approximately 150 feet in length)

Eroding beach, marsh or mudflat

— FRRNE i idk Natural

Fallen trees T Bagged control
(or coir logs) shell
~20 feet ~20 feet HAT

Approximate 20-25 foot demonstration toe treatments, placed approximately 30
feet from bluff (on mudflat or beach) or at fringing marsh toe, with 10-15 foot
spacing in between treatments, 3 treatments per site with a natural control. At or
below HAT.

draft - for discussion only; final designs determined by engineer



Living Shoreline Project Next Steps...

* Regional workshop with state and federal
commenting and review agencies to investigate
monitoring protocols

* Final engineering design, permitting, and
construction of demonstration treatments at four
publicly-owned locations in Casco Bay

* Implementation of monitoring protocol(s)
(Spring and Fall) at treatments. Volunteers?
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