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ABOUT THE DOCUMENT
Living Shorelines: A Technical Guide for Contractors in Alabama and Mississippi is to be used by
contractors during the design and construction of living shorelines in Alabama and Mississippi. Before
applying this document, it is important that contractors understand that project sites can differ markedly
from one to the next and that the principles set forth in this guide must be adapted to the conditions of the
project site.
It is also important to recognize that this technical manual should only be applied in estuaries, bays,
sheltered coastlines, and tributaries. This manual is for educational purposes only. It is not a
regulation or engineering guidance document.
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Introduction and Overview of Shoreline
Armoring Practices
Guiding Principle
Many living shoreline types and living shoreline elements are discussed in this manual. When designing a living
shoreline, it is imperative that one uses the most natural approach that will curb existing erosion.

Definitions
A Living Shoreline is a sustainable shoreline stabilization technique that uses native vegetation with or without
harder shoreline structures, depending on the situation to stabilize, the shoreline, reduce erosion, create habitat
for fish and invertebrates, enhance water quality, reduce pollution and enhance coastal resilience. Living
shorelines use elements such as marsh vegetation, coir fibers and marsh sills to create habitat and stabilize
the shoreline. Effective placement of mostly native materials along the shoreline absorbs incoming waves and
mitigates erosion. Sills and other hard structures attenuate wave energy, trap sediment and create habitat for fish
and crustaceans. The complex and extensive roots of marsh vegetation also assist in sediment stabilization. Once
established, living shorelines become self-sustaining and may easily surpass the longevity of other traditional
hard structures such as bulkheads, seawalls and revetments. Living shorelines can also be a cost-effective
alternative to the long-term maintenance and
replacement costs of traditional armoring.

A bulkhead is one type of traditional armoring.
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DAVID MALMQUIST, VIMS

Traditional Armoring involves the construction
of vertical structures (e.g., bulkheads and
A marsh sill is one type of living shoreline.
seawalls) for shoreline protection. Traditional
shoreline armoring techniques may be necessary
when no living shoreline approach will work, for
example in areas with steep slopes or high wave
energy. The drawbacks to traditional shoreline
armoring include loss of intertidal habitats,
seaward wave reflection, exacerbated erosion
on adjacent properties, shift of hydrodynamics
and sediment movement, disruption of free
movement of riparian organisms, associated high
construction and maintenance cost, and loss of
aesthetic values.

VIMS

Residents in the coastal areas of Alabama and
Mississippi obtain economic and recreational
benefits from the estuarine and marine
ecosystems. Approximately 800 miles of the
northern Gulf of Mexico shorelines belong
to Mississippi and Alabama, which are home
to commercially and ecologically important
species, such as shrimp, crabs, oysters and fish.

Elements of Living Shorelines
Representative elements of living shoreline techniques are discussed in this section.

BETH MAYNOR YOUNG/TNC

Oyster Reefs
Oyster reefs are linear structures made out of
oyster shells and cultch bags. When used as an
element of a living shoreline, the structure should
be placed as near to the shore as the design
allows. Reefs can also serve to attenuate wave
energy. Oyster reefs provide substrate for new spat
recruitment and attract fish and invertebrates. A
live adult oyster can filter as much as 50 gallons of
water a day, assisting in natural water filtration as
well.

VIMS SHORELINE STUDIES PROGRAM

Marsh Vegetation
Above- and below-ground compartments of
marsh vegetation trap sediment to help stabilize
the shoreline. Marsh vegetation dissipates
wave energy and provides habitat to finfish
and invertebrates. Marshes are hotspots for
nitrogen removal and also stabilize shorelines
in low- to medium-energy systems. In highenergy systems, marshes are combined with
other supporting materials such as coir logs and
sills to attenuate wave energy and decrease or
stop erosion. If a shoreline is sandy, planting
vegetation upland will increase habitat
complexity, recruit more sand deposition and
keep existing sand in place.

MS DEPT. OF MARINE RESOURCES

Coir Logs
Coir logs (denoted by red arrow), which are made
mostly of coconut fibers, naturally degrade over
3-5 years after stabilizing marshes and banks and
acting as a small wave barrier. Coir logs are often
deployed to fortify the shoreline edges. Wooden
stakes secure the logs along the shoreline. Coir
logs aid in absorbing erosive wave energy in
low- to medium-energy environments. Further,
these logs also trap sediment, aiding in shoreline
accrual. Along with restored marsh vegetation,
logs create habitat for fish and invertebrates. Coir
logs are not recommended for use in locations
with frequent wave activity.
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JOEBAY AERIALS/THE NATURE CONSERVANCY
Kari Servold
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Hybrid Techniques: Headland Structures
Hybrid techniques integrate living shorelines and
built structures for shoreline stabilization and
ecoservices enhancement. A headland structure
is a structure made of oyster shell or rock placed
parallel to and on a shoreline at the time of
construction. Headland structures, when acting in
pairs, stabilize the shoreline through the process
of bending the waves. They also provide places for
oysters to attach and habitat for fish and shellfish.
The structures themselves are not be connected to
the shore other than by fill material deposited when
the structures are installed or by sediment that may
accumulate behind them over time.
Hybrid Techniques: Marsh Sills
Marsh sills are another type of hybrid living
shoreline. Marsh sills incorporate rip-rap, other
rocks and marsh vegetation. Sills can reduce wave
energy from boat wakes and smaller wind waves,
trap sediment and in some cases provide habitat
to sessile invertebrates. Sediment can be filled
landward of the sills for enhancement of existing
vegetation or restoration of new marshes. High
tides bring in sediment behind the sills for marsh
nourishment.

Hybrid Techniques: Wave Screens
A wave screen or wave fence (submerged in far left
of picture denoted by arrow) is a simple structure,
usually constructed of treated marine timber,
placed seaward of a marsh to attenuate wave energy.
Depending on the nature of its design, the wave
screen may also be used to protect and stabilize the
marsh toe. The wave screen may be designed to
accommodate site specific needs and preferences.
The vertical boards can be placed tightly together or
spaced with gaps, and the wave screen’s crest may
be above or below normal water levels. The wave
screen can be an excellent alternative to a rock sill
while still accomplishing similar outcomes. Also,
the wave screen has a much smaller footprint than
a rock sill and therefore has fewer direct impacts to
submerged water bottoms.

EXAMPLE: USING A HYBRID LIVING SHORELINE

Fiber mat stabilizing sand

Commercial wire basket with marsh plants
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Commercial Structural Products
Locally available commercial products and
materials can be used to stabilize shorelines.
Mats that incorporate fibers, geotextiles
and oyster shells are available. Other
products include sediment-filled geotextile
tubes or materials that can incorporate
planted vegetation. Some larger scale
projects involve installation of concrete
structures of various shapes and sizes.
Some of the concrete structures interlock
while still allowing for tidal exchange and
the movement of fish and widlife. Other
products make use of wire baskets linked
together in different configurations to
reduce erosion and provide habitat for
fish and other wildlife. The wire baskets
may be filled with rock, oyster shells or
some combination of the two. In general,
commercial structural products aid in
reducing erosion by reducing wave velocity.
Some examples also protect habitat and
existing or planted vegetation and help
promote ecosystem restoration. Use of
commercial products should adhere to
manufacturer’s specifications.

FLORIDALIVINGSHORELINES.COM

Source: Living Shorelines Engineering Guidelines, Prepared by Jon K. Miller, Andrew Rella, Amy Williams, Erin Sproule, Prepared for New Jersey
Department of Environmental Protection – 2015.

Advantages of Living Shorelines
Many living shorelines integrate natural elements such as vegetation planting, oyster reefs and natural fiber coir
to protect shorelines. Other designs include structures to reduce wave energy or stabilize sediment to promote
the return of vegetation, fish and shellfish. Living shorelines slow and sometimes reverse shoreline erosion and
provide essential ecosystem services. Employing hybrid techniques, which combine hard structures with planting
or natural elements, may enhance the longevity of the created system and its services. Unlike conventional hard
structures, living shorelines aid in the free movement of organisms and assist in the expansion of neighboring
habitats. Further, self-sustaining shorelines can respond well to relative sea level rise because they can adjust
vertically.

TABLE 1: ADVANTAGES OF LIVING SHORELINE PRACTICES
Living
Shoreline
Type
Oyster
Reefs

Marsh
Vegetation

Coir Logs

Marsh Sills

Erosion
Control

Water Quality
Enhancement

Recreational
Values

Attract fish,
crustaceans and
crabs

Live oysters filter
water, lower
sediment
resuspension

Provide limited
fishing, crabbing
and oystering
activities

Habitat for nekton,
finfish and coastal
birds

Nursery grounds
for juvenile fish,
foraging ground
for adult fish

Removes
nutrients

Provides
picturesque
view, attracts
birds

Aid in sediment
stabilization,
lowers wave
energy

In conjunction with
marsh vegetation,
create habitat for
nekton, birds

Aid in marsh
establishment,
provide nursery
to juvenile fish,
foraging ground
for adult fish

Reduce
resuspension
of sediment

Lower wave
energy, sediment
stabilization

Provide habitat to
oysters and other
sessile invertebrates

Provide nursery
and foraging
ground for fish

Protected marsh
filters runoff

Protected marsh
attracts birds

Provide habitat,
alternative to rock

Provide nursery
and foraging
ground for fish

Protected marsh
filters runoff

Protected marsh
attracts birds

Provide habitat for
fish and crabs

Attract fish,
crustaceans and
crabs, may recruit
oysters

Oysters filter
water, lower
sediment
resuspension

Provide limited
fishing and
crabbing
activities

Habitat Creation

Fish Production

Can dampen
wave energy,
aid in sediment
stabilization

Provide substrate
for new larval
recruitment,
habitat for fish
and crabs

Reduce wave
energy, aids
in sediment
stabilization

Lower wave
Wave Screens energy, sediment
stabilization
Headland
Structures

Reduce wave
energy
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Types of Conventional Armoring

VIMS SHORELINE STUDIES PROGRAM

Bulkheads
A bulkhead is a vertical structure similar to
a retaining wall but made of wooden planks,
steel or vinyl products. These structures
are constructed parallel to degrading
shores and can withstand moderate- to
high-wave energy. Although bulkheads are
commonly used for shoreline armoring,
they disrupt the shoreline’s ability to carry
out natural processes, eliminate habitat and
often increase the rate of shoreline erosion.
Unfortunately, in Mobile Bay, AL, the use of
bulkheads is rising with increasing coastal
population.

Weeks Bay NERR

Revetments
A revetment is a sloping structure typically
made of riprap or interlocking concrete
blocks. These structures provide upland
protection to waterfront properties. The
size of the revetment wall depends on
the wave height. Voids between riprap
material absorb wave energy. In some cases,
vegetation is planted in the gaps between
revetment rocks.

Toe Protection
Toe protection can be added to a bulkhead
as a scour countermeasure. Revetment
stones are placed on the shoreward bottom
(or toe) of the bulkhead to lower the scouring beneath the bulkheads. Toe protection
can protect a failing bulkhead, reduce wave
reflection and add habitat complexity to the
structure.

Filter fabric
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Advantages and Disadvantages of Conventional Armoring
Conventional shoreline armoring can reduce erosion in the short term. At some sites, conventional armoring may
be necessary because a living shoreline will not suffice, such as sites with high wave energy. However, there are
many disadvantages associated with conventional hard structures.
TABLE 2: ADVANTAGES AND DISADVANTAGES OF TRADITIONAL HARD STRUCTURES
Defense Type Pros

Cons

Bulkheads

• Require limited land
• Can be constructed in high-erosion
and sudden drop-off areas
• Can withstand high energy

•
•
•
•

Revetments

• Absorb wave energy
• Have low maintenance cost
• Best function in high-energy sites

• Can be expensive to install
• Cover existing vegetation if present

Can be expensive to build and maintain
Susceptible to undercutting or scouring
Prevent migration of riparian/wetland animals
Exacerbate erosion along adjacent unarmored
shorelines
• Can cause loss of intertidal habitats

Bulkhead Toe • Stabilize undercutting
Revetments

• Cover existing vegetation
• Prevent migration of riparian/wetland animals
• Can cause loss of intertidal habitat

One disadvantage of conventional hard structures is that they cannot respond properly to sea level rise and
may result in wetland decimation.

PRESENT SCENARIO

SCENARIO UNDER SEA LEVEL RISE

Marshes

Marshes

Elevated Sea Level
Mean Sea Level

Mean Sea Level

Under the present scenario, marshes survive as a result
of ages-long evolutionary adjustment with respect to the
environment and mean sea level.

Sea level rise forces marshes to migrate inland.

TRADITIONAL ARMORING

Armoring

Construction of hard structures restricts tidal exchange thus
decimating marshes.
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Comparison Between Conventional and Living Shoreline Approach
TABLE 3: ECOSYSTEM SERVICES OF LIVING SHORELINES AND CONVENTIONAL ARMORING
Ecosystem Services

Living Shoreline Practices

Traditional Structural Practices

Mitigate shoreline erosion

Yes

Yes

Lower nutrient runoff

Yes

No

Ease natural sand movement

Yes

No

Create/expand habitat

Yes

No

Provide nursery ground

Yes

No

Encourage unrestricted movement of organisms

Yes

No

Filter water

Yes

No

Absorb wave energy

Yes

No

Associated maintenance cost

Minimal

Yes

Respond to sea level rise

Yes

No

EXAMPLE: LIVING SHORELINE VS. CONVENTIONAL ARMORING, PRE- AND POST-HURRICANE IRENE, 2011
LIVING SHORELINE BEFORE

LIVING SHORELINE AFTER

BULKHEAD BEFORE

BULKHEAD AFTER

These pictures were taken of two properties approximately 100 meters apart in Pine Knoll Shores, NC, along Bogue
Sound. Photos on the left were taken in May 2011. Photos on the right were taken in September 2011, three days after
Hurricane Irene made landfall. The bulkhead required replacement and backfill of sand. The living shoreline’s stone sill
was left intact and required no repair, although the property owner planted additional marsh vegetation the following
spring to enhance the shoreline. All photos ©Rachel Gittman, UNC.
8

Determining the Type of Living Shoreline to Install
Factors to Consider in Determining the Design of Living Shoreline Projects
There are multiple factors that contractors should consider when determining the most appropriate design for a
particular site. Considering these factors during the design phase of the project will help ensure that the living
shoreline mitigates shoreline erosion and enhances ecosystem services. Along the Alabama and Mississippi
shores, each site has unique qualities; therefore, each factor must be considered thoroughly before undertaking
any project. Broadly, the most important factors could be categorized as landscape factors, ecological factors,
hydrodynamic factors and terrestrial factors. Some major components of each are mentioned in Table 4.

TABLE 4: FACTORS DETERMINING THE DESIGN OF LIVING SHORELINE PROJECTS
Landscape Factors

Ecological Factors

Hydrodynamic Factors

Terrestrial Factors

1. Shoreline type

1. Water quality

1. Waves

1. Coastal slope

2. Wind fetch

2. Climate (sunlight
exposure, temperature)

2. Water depth
3. Salinity

2. Nearshore bottom
character

3. Presence of vegetation/
vegetation type

4. Tidal range

3. Soil type/soil selection

5. Wakes/boat traffic

4. Sediment transport

3. Erosion rate
4. Relative sea level rise
5. Presence of armoring
structure
6. Wind intensity

6. Water currents
7. Freshwater runoff/
intensity and frequency
of storm surges

Source: http://www.state.nj.us/dep/cmp/docs/living-shorelines-engineering-guidelines-final.pdf

Landscape Factors
Erosion Rate
The rate of erosion determines the urgency of management. A rapidly eroding shoreline needs immediate
stabilization measures. Unvegetated and unconsolidated sandy shores may show higher erosion rates than
vegetated areas with compact sediment. See page 13, Spotlight: Erosion for more information.
Wind Intensity
The Alabama and Mississippi coastal bays and tributary shores are characterized by (1) low- to high-energy waves,
(2) small tide ranges and (3) constantly changing coastal processes directly linked to meteorological events. Winddriven waves and tidal currents are the most important geological forces controlling sediment transport and
shape of the bay and tributary shores. Depending on the location, morphological features can be wave-dominated,
tide-dominated or may display mixed energy characteristics of both wave and tidal influences. Wind directions
and intensities vary seasonally with southeasterly winds prevailing in summer and northerly winds prevailing in
winter. Exceptions occur frequently during the winter months, when wind-circulation patterns and low
barometric pressure preceding the passage of cold fronts cause strong onshore wind and high waves that erode the
9

shorelines. After the frontal systems pass the coast, winds shift to blow from the northwest or northeast, causing
erosion along the lagoon sides of some barriers. Nonstorm waves in the eastern Gulf of Mexico are normally
less than 1 foot (0.3 m) high. The largest waves and highest sustained wind speeds in the Gulf accompany major
hurricanes. They are also responsible for the most storm-related property damage and loss of lives. Hurricanes
entering or originating in the Gulf normally follow a northward or westward path. Using historical patterns
of hurricane landfall, the National Hurricane Center has shown that the areas at greatest risk are around the
northern Gulf of Mexico coasts. By adopting a hybrid or living shoreline technique, the impact of waves driven by
wind on shoreline erosion can be lowered substantially. Low-energy areas could be managed by planting marsh
vegetation; however, vegetation should be fortified with other available mechanisms against high wind intensity.

Wind Fetch
Fetch is the horizontal distance over which the wave-generating wind blows. At enclosed and semi-enclosed sites
and most inland areas, wind fetches are shorter. In contrast, in open areas, wave growth is higher due to longer
wind fetch. Waterfront properties and wetlands abutting Mobile Bay and Mississippi Sound are accustomed to
medium to long fetches, whereas subestuaries within the Bay and Sound are accustomed to shorter wind fetches.
Relative Sea Level Rise
Relative sea level rise refers to the change in the ocean level relative to the land elevation and is important in
determining which type of armoring structure to construct. Living shorelines can adapt to sea level rise, but need
space to move landward as sea level rises and sufficient sediment sources if they are built in an area that is prone to
relative sea level rise.
Presence of Armoring Structure
The presence of wave-absorbing measures such as vegetation, oyster reefs and other shoreline armoring structures
can aid in lowering the erosive energy of waves. Some projects may already contain an armoring structure. If that
is the case, a project should take into account the current state of the armoring structure. (See page 14, Spotlight:
Presence of Armoring Structure for more detailed information.)
Ecological Factors
Water Quality
A benefit of living shorelines is their ability to improve water quality. Both vegetation and oyster reefs can improve
water quality. Improved water quality may then provide a better habitat for sea life. However, the state of water
quality should be considered when determining the type of living shoreline to install. If water quality is poor, it
may be difficult to establish an oyster reef or vegetation at the site.
Climate		
The climate of the coastal counties in Alabama and Mississippi is relatively homogenous. The annual average
temperature is 68° Fahrenheit (20° Celsius). In winter, the average temperature measures about 50° Fahrenheit
(10° Celsius), and the summer averages are in the 80-84° Fahrenheit (20° Celsius) range. The mean annual rainfall
averages around 59-65 inches (152-165 cm). Most precipitation falls from November through June. Climate
becomes critically important when selecting appropriate vegetation.
Presence of Vegetation/Vegetation Type
The presence of submerged, emergent, riparian or upland vegetation aids in shoreline stabilization by lowering
erosive energy and sediment stabilization. Forested shorelines are common in many locations. For restoration
purposes, only native vegetation should be planted (Appendices I/II). The preferred marsh vegetation depends on
the dominant salinity. Select the appropriate native plants for freashwater water or more saline/brackish water.
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Hydrodynamic Factors
Waves
Properties in areas with medium to high wave energy may require the incorporation of structural components,
such as marsh sills or other hardened structures placed on or near the shoreline. These structures will reduce wave
intensity and can protect marsh or shoreline from erosion. The planting of the appropriate native vegetation may
be sufficient in low energy areas. Wave energy and water depth should be carefully evaluated in the project design.
Water Depth
The water depth at the site also helps determine the type of living shoreline to install. If the water depth is shallow
(less than 1 foot or 0.3 m), marsh vegetation may be all that is needed to protect the shoreline. If the water is
deeper, the living shoreline may require a structural component. The water depth may also show whether the area
is prone to scouring or erosion.Wave energy and water depth should be carefully evaluated in the project design.
Salinity
The dominant salinity of the water will determine which types of vegetation can grow at the site and whether or
not an oyster reef would be successful. Freshwater mixing with Gulf water produces a range in salinity from low
salinity near the mouths of rivers to higher salinity near the barrier islands. The range of salinities allows for a
wide range of plant species to thrive.
Tidal Range
Tides in the region are typically diurnal, with an average range of 1.2 to 1.7 feet (0.4 to 0.5 m). Beginning in May,
tidal heights rise above mean annual levels and remain elevated until December. This coincidence of higher sea
level and southerly winds during the summer months can flood even high marsh areas for extended periods.
However, average tide records show that the Alabama and Mississippi coasts are relatively stable. The range is
important in determining the size of the structural component and the width of the marsh vegetation.
Wakes/Boat Traffic
Properties that are closer to boat ramps and marinas experience higher erosion risk due to boat traffic, which
produces wakes and waves. The risk also depends on the frequency of boat traffic. The appropriate living shoreline
design will depend upon the location of the property and the frequency of boat traffic.
Water Currents
Currents can have an important effect on living shoreline design. Strong currents have the ability to damage or
uproot vegetation and scour banks. Currents may play a more significant role in determining the design when the
site is near tidal inlets and along riverbanks.
Freshwater Runoff
Runoff of rainfall from storm events brings freshwater and sediment into estuaries. Concentrated stormwater
runoff causes erosion and can affect the shoreline near urban areas. An example is gully formation not uncommon
on the eastern side of Mobile Bay. Effects on the shoreline may be localized but examining the project site for
runoff discharge is advised.
Intensity and Frequency of Storms
Historical storm events assist in predicting the return period of potential storm events in the future. Areas
experiencing storm events are likely to be hit by storms of equal or larger magnitude in the future. Therefore,
living shoreline projects should be designed to withstand the storm events of the last 20-30 years.
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Terrestrial Factors
Coastal Slope
Slope should be considered when adopting shoreline management practices, especially to ensure that management
does not negatively affect adjacent properties. Slope may affect selection and design of structural elements and
selection of vegetation.
Nearshore Bottom Character
When building a structural component such as an oyster reef, rock sill or breakwater, it is important to look at the
nearshore bottom character. This will help determine how much the substrate will settle and how the substrate
may shift after installation, affecting the final shape and size of structure.
Soil Type/Soil Selection
Examining soil and sediment assists in the selection of appropriate vegetation for use in living shorelines. To
rapidly establish vegetation, the best option is medium sand, which allows roots to develop quickly and also allows
sufficient drainage. In more exposed areas, such as those with higher wave energy, coarser sand could be used to
the extent it matches the native sand on the shore.

TABLE 5: EROSION THREAT CRITERIA RANGE OF VARIOUS FACTORS
Landscape Factors
Shoreline type

Low threat
Bluffs, indented coasts

Moderate threat
Low bluffs, alluvial
plains, salt marshes

Wind fetch (m) (mile)
Erosion rate (m yr-1) (ft yr-1)
Relative sea level rise (mm yr-1) (inch yr-1)
Presence of armoring structure

<800 (0.5)
<1 (3.2)
<2.5 (0.09)
Exists; fully functional

800-3200 (0.5-2)
1-2 (3.2-6.5)
2.5-3.5 (0.09-0.13)
Nonexisting; failing

High threat
Cobble beaches, estuary,
lagoon, barrier beaches, sand
beaches, mudflats, deltas
>3200 (2)
>2 (6.5)
>3.5 (0.13)
Nonexisting; flanked and failed

Freshwater runoff

–
<2
<30 (12)
Presence of rooted
vegetation
–

–
2-10
30-90 (12-35)
Little rooted
vegetation
–

–
>10
>90 (35)
Absence of rooted
vegetation
–

Hydrodynamic Factors
Waves (cm) (inch)
Water depth (cm) (inch)
Salinity
Tidal range (m) (inch)
Wakes (cm) (inch)

<30 (12)
30-90 (12-35)
>90 (35)
<60 (24)
60-150 (24-60)
>150 (60)
Different vegetation have different salinity requirements
<0.5 (20)
0.5-0.75 (20-30)
>0.75 (30)
<30 (12)
30-90 (12-35)
>90 (35)

Ecological Factors
Water quality
Sunlight exposure (hr day-1)
Storm surge (cm) (inch)
Presence of vegetation/vegetation type

Terrestrial Factors
Coastal slope (%)
Nearshore bottom character (cm) (inch)
Soil type/soil selection

>0.6
Shallow, gradual slope
(<60) (24)
Rock, tight clay
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0.6-0.3
Moderate, gradual
slope (60-90) (24-60)

<0.3
Deep, steep slope (>90) (60)
Unconsolidated sand, peat

Sediment Transport
Sediment transport should be considered when choosing appropriate management practices, The movement
of sediment is a natural process. Understanding sediment movement at the project site ensures that the living
shoreline elements do not negatively affect adjacent properties.
SPOTLIGHT: Erosion (Table 5)
Erosion Threat Level
Adopting an appropriate erosion-mitigation measure in
Alabama and Mississippi depends on the degree of erosion
threat level to properties.

Moderate
Characteristics: presence of some erosion (3.2-6.5 feet per
yr, 1-2 m per yr); moderate fetch (0.5-2 miles, 800-1200 m);
positioned in close proximity to active erosion; presence of
moderate motorized boat traffic; in close proximity to construction activities.
Marsh vegetation along with marsh sills, or oyster reefs
may be deployed to lower erosion and enhance ecosystem
functions.

High
Characteristics: presence of active shoreline erosion
(6.5 feet per yr, >2 m per yr); long fetch (> 2 miles, > 3200 m);
positioned in open water; heavy boat traffic;
erosion may have been induced after a storm event.
A hybrid technique should be applied incorporating built
structures and vegetation for shoreline stabilization.
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CENTER FOR COASTAL RESOURCE MANAGEMENT

Marsh vegetation may be planted to enhance shoreline
stability and habitat value in low-risk areas.

U.S. DEPT. OF AGRICULTURE FOREST SERVICE

Low
Characteristics: virtual absence of erosion (3.2 feet per yr, <1
m per yr); narrow fetch (< 0.5 mile, 800 m); positioned at the
upper reaches of the creeks, non- to low-boat traffic; abundant vegetation; minimum construction practice in the close
vicinity.

CENTER FOR COASTAL RESOURCE MANAGEMENT

The erosion threat level is primarily determined by the four
factors previously discussed: (1) landscape, (2) ecological,
(3) hydrological and (4) terrestrial. It can be categorized into
three types: low, moderate and high (Table 5).

SPOTLIGHT: Presence of Armoring Structure
Contractors should examine whether a property already has a defensive structure in place. If it does, contractors
should take the condition and integrity of the existing structure into account when determining the most
appropriate living shoreline design. Flanked and failing structures require immediate attention; therefore, hybrid
methods may be considered for prompt erosion mitigation.

BRET WEBB

Structural Integrity
The structural integrity is the physical condition of the shoreline armoring structure, which determines
whether it is serving its purpose. It can be categorized as (i) serviceable, (ii) failing, (iii) flanked and (iv) failed.

Flanked
Characteristics: significant erosion around the
structure; needs immediate attention.

BRET WEBB

Serviceable
Characteristics: structure is still intact;
unnoticeable to minor damage of the structure;
absence of erosion around or along the structure.

Failing
Characteristics: integrity of the structure is
failing; noticeable wear and tear of the structures.

Failed
Characteristics: structure is in dilapidated and
derelict condition and cannot serve the original
purpose of shoreline protection; most of the
original parts are missing.

For bulkheads: leaning, holes in the planks,
erosion behind the bulkheads, biodegradation
and rotting of the wooden planks.
For revetments: flat slope, misplaced rocks from
the originally deployed position.
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Analysis Used to Determine the Design of Living Shoreline Projects
Living
Shorelines
Project

Preliminary Analysis (Desktop Analysis):
Landscape, Ecological, Hydrological
and Terrestrial Parameters

Alternatives
Consideration

Secondary- and Tertiary-Level Analysis:
Landscape, Ecological, Hydrological
and Terrestrial Parameters

Final Design and
Implementation

Conceptual
Design

Preliminary Analysis
The preliminary analysis is the first step in determining the most appropriate living shoreline design to mitigate
shoreline erosion and enhance habitat at a specific site. The preliminary analysis intends to categorize the
project site based on preexisting information (data), thus aiding contractors and property owners in selecting
the most appropriate design. Generally, information collected for the preliminary analysis is free of cost and
readily available through different online resources, including federal, state, academic and commercial websites.
However, acquiring some information may be costly and tedious due to lack of preexisting data, reports and
surveys of the project location and vicinity.
1. Acquire vicinity map
The first step of the preliminary analysis is to acquire a vicinity map of the proposed project site. Maps created
on different dates help determine the rate of change for important parameters. Specifically, map assessment gives
an idea of erosion rate, wind fetch length, presence of wake sources, width available for the project, sunlight
exposure, presence of defending structure and vegetation, and orientation of the project site. All of these
parameters are critical in selecting the most appropriate design. However, information on other parameters, such
as tides and currents, sea level rise, storm surge and edaphic factors, is equally important and cannot be inferred
from maps and aerial images. Information on these parameters can be obtained from other resources.
Aerial and digitized maps can be acquired for free from online resources such as Google Earth (GE), Historic
Aerial Images, GIS map repositories and LIDAR maps. GE has free satellite imagery, and the embedded timeline
feature allows users to compare the geophysical settings and land use change at a particular location on different
dates. Usable GE imagery from the Alabama and Mississippi shores is available from the 1990s onward. Historic
Aerial Images (www.historicaerials.com) also contains a repository of historical images of the Alabama and
Mississippi shores from the 1990s onward. NOAA’s Office of Coastal Management also contains a database of
coastal maps (http://www.coast.noaa.gov/ccapatlas/).

2. Overlaying two maps to determine erosion rate and erosion agent
Overlaying and comparing two maps or aerial images of the same location on different dates aids in calculating
the erosion rate and identifying the most significant erosion agent, which will assist the contractor in determining
the appropriate living shoreline design.
3. Estimate fetch length
While speed, duration and fetch collectively determine the erosion potential of wind-generated waves, only fetch
length can be estimated from the preliminary map analysis. Wind fetch is the distance of open water across which
wind blows. When wind blows over water, friction pulls the surface water along the same direction as the wind.
Water gains energy from the wind, and waves are formed due to the wind’s compression on the water. Once a
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wave accumulates enough energy and grows to a certain size, it coalesces with the wave in front of it, which causes
it to gain height. By gaining height, the wave exposes its surface to the wind and gains more energy. This cycle
continues to produce larger waves as long as the wind blows in the same direction and there are no obstacles to
stop the waves.
A long wind fetch produces larger waves, and meteorologists are able to predict wave action using wind forecasts.
Tides and currents can also intensify wave energy; however, along the Alabama and Mississippi coasts, waves are
mostly caused by wind.
Living shoreline designs must consider two aspects of fetch: average fetch and the longest fetch. If the project is
located in open waters (e.g., the Mississippi Sound), the fetch will be larger and the project should be designed
to withstand larger wave energy. If the project is located along a subestuary, wind fetch will be smaller and the
project will experience smaller wave energy. Adapted from Hardaway (1984), the following table categorizes wave
energy based on wind fetch and the appropriate diameter and weight of sill/marsh or breakwater material needed
to withstand the wave energy.

TABLE 6: TECHNICAL CONSIDERATIONS OF LIVING SHORELINE DESIGNS
Energy
Very low

Fetch (mile) (km)
<0.5 (0.8)

Weight (lbs) (kg)
300-900 (136-408)

Diameter (ft) (m)
1.4-2.0 (0.4-06)

Low

0.5-1.0 (0.8-1.6)

300-900 (136-408)

Medium

1.0-5.0 (1.6-8)

High

5.0-15.0 (8-24)

Appropriate
Project Type
Vegetation/sills

Width (ft) (m)
10-20 (3-6)

1.4-2.0 (0.4-0.6)

Vegetation/sills

20-30 (6-9)

400-2000 (181-907)

1.5-2.6 (0.45-0.8)

Vegetation/sills

30-70 (9-21)

2000-5000 (907-2268)

2.6-3.5 (0.8-1.0)

Headland structures/reefs

45-65 (13.7-19.8)

Source: http://www.state.nj.us/dep/cmp/docs/living-shorelines-engineering-guidelines-final.pdf

4. Determine presence of wave-dissipating mechanisms and significance of wakes
The presence of wave-dissipating mechanisms such as vegetation, revetments and quarry rocks along the shoreline
helps lessen the wave energy. The preliminary map analysis can also reveal the significance of boat wakes at the
intended project location. In some areas, such as locations closer to marinas, navigation channels or narrow canals,
wakes may be a significant source of erosion, which can be revealed by maps or aerial imageries.
5. Determine slope
Both upland slope (slope of the land from the mean high water to the point at which the upland levels off)
and shoreline slope (slope of the intertidal zone between mean lower low water and mean high water) are
critical in determining appropriate vegetation type and the amount of backfilling required to maintain
the slope for vegetation restoration. Many tidal marshes require gentle slopes, mostly in the range of 8:1
to 10:1. Headland slope can be estimated from topographic maps or digital elevation maps available at the
USGS website (http://store.usgs.gov/b2c_usgs/usgs/maplocator/(ctype=areadetails&xcm=r3standardpitrex_
prd&carea=%24root&layout=6_1_61_48&uiarea=2)/.do). LIDAR databases for different agencies can also
be accessed to determine the headland slope (e.g., NOAA’s Coastal Service database [http://coast.noaa.gov/
dataregistry/search/collection] and USGS’s LIDAR database [http://lidar.cr.usgs.gov/]). Shoreline slope cannot
easily be calculated from maps or aerial images; however, shoreline slope can be estimated from bathymetric maps
if they exist around the project area.
6. Determine width
Maps and aerial images can reveal the width available for project implementation at the proposed site. For the
most effective results, available width for the project should be sufficient to accommodate the proposed project
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type and design. Table 6 contains information about the width requirement for a project to achieve the most
effective outcome. If the land strip is not sufficiently wide, it can be widened either by backfilling or landscaping.
Backfilling is the process of adding new soil or sediment to the project site to support the new project design.
Landscaping involves modifying existing landforms by excavating some portion to accommodate the new design.
A permit is likely required for these types of activities.

7. Determine sunlight exposure
Sufficient sunlight exposure is necessary for the growth of aquatic and terrestrial flora. Newly restored vegetation
requires a relatively larger amount of sunlight than fully mature vegetation does for its growth and biomass
production. Shade should be avoided for newly restored vegetation. Sunlight exposure can be estimated from
maps based on the location and orientation (north vs. south) of the project site and the presence of trees and
man-made structures. South-oriented locations have more sunlight exposure than north-oriented locations in the
Northern Hemisphere.
8. Collect and assess information that cannot be obtained from maps
The preliminary analysis also incorporates the collection and assessment of information on other attributes that
generally cannot be obtained from maps. Some of those attributes include the following:
a. Water Depth: Water depth or bathymetry information is important because the offshore depth determines
the amount of energy being transmitted to the shoreline. Generally, the wave energy diminishes as it travels
from deep offshore areas to nearshore shallow areas. This information is crucial in selecting the project design
and complying with the ecological and engineering specifications associated with it. Additionally, bathymetric
information is crucial in selecting estuarine vegetation. The elevation at which tidal vegetation is restored must be
maintained to ensure that the plants are periodically flooded and drained. The estuarine bathymetry database can
be accessed at NOAA’s Coastal Service Center website (http://idpgis.ncep.noaa.gov/arcgis/rest/services/NOAA/
NOAA_Estuarine_Bathymetry/MapServer).
b. Tides: Information on tides for Alabama and Mississippi waters can be accessed at NOAA’s Tides and
Currents website (https://tidesandcurrents.noaa.gov/) or at USGS’s National Weather System Mapper (http://
maps.waterdata.usgs.gov/mapper/index.html). Some data on currents are available on federal agencies’ websites;
however, detailed currents data specifically for the project location may not be available. NOAA’s tides and
currents (http://tidesandcurrents.noaa.gov/curr_pred.html), USGS’s water data websites (http://waterdata.usgs.
gov/al/nwis/rt for Alabama and http://waterdata.usgs.gov/ms/nwis/rt for Mississippi) provide some information
on currents.
c. Relative Sea Level Rise: One of the advantages of living shorelines is their ability to adjust with the sea level
rise. Relative sea level rise information can be obtained from NOAA’s Tides and Currents website (https://
tidesandcurrents.noaa.gov/). The figures below represent mean sea level rise, calculated for different locations
along the Alabama and Mississippi coasts, recorded over decades. These values should be considered while
designing a project as a precautionary measure against potential sea level rise.
Bay Waveland, MS—0.15 in per yr (3.93 mm per yr)
Dauphin Island, AL—0.13 inches per yr (3.2 mm per yr)
Mobile Bay State Dock, AL—0.12 inches per yr (3.1 mm per yr)
d. Storm Surges: For storm surge information, the first step is to obtain Federal Emergency Management Agency
(FEMA) information reports and Flood Insurance Rate Maps (FIRMS) to estimate the water level during the
1% annual chance of storm occurrence. Alabama and Mississippi belong to the Region IV FEMA guidelines.
More information about FEMA and the 1% annual chance of storm occurrence can be obtained at http://www.
southeastcoastalmaps.com/Pages/managers.aspx#flwat. The FIRMS maps divide coastal regions based on the
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severity of flooding during an extreme storm event (1% annual chance of storm occurrence). According to
FEMA guidelines, coastal zones are differentiated into three zones (V zone, coastal A zone and A zone) on the
basis of proximity to the shorelines. On Dauphin Island, AL, the 1% annual exceedance probability levels are
6.76 feet (2.06 meters) above mean higher high water. This should be factored into the project design. Along
the Gulf Coast, a contractor must also consider hurricanes when designing a living shoreline. To obtain the
latest information on storm occurrence, consult The NOAA National Hurricane Center, www.nhc.noaa.gov/
climo/#returns.
e. Water Quality Information: Many federal, state and academic institutions have up-to-date water quality
data that can be obtained from their websites, such as USGS (http://al.water.usgs.gov/infodata/ for Alabama
and http://ms.water.usgs.gov/infodata/ for Mississippi), the EPA (http://iaspub.epa.gov/tmdl/attains_state.
control?p_state=AL&p_cycle=2006 for Alabama, http://iaspub.epa.gov/tmdl/attains_state.report_control?p_
state=AL&p_cycle=2006&p_report_type=A and http://iaspub.epa.gov/tmdl/attains_state.report_control?p_
state=MS&p_cycle=2006&p_report_type=T for Mississippi), NOAA (http://nerrs.noaa.gov/reserves/weeks-bay.
html for Alabama, http://nerrs.noaa.gov/reserves/grand-bay.html for Mississippi) and Dauphin Island Sea Lab
run water stations (http://www.mymobilebay.com/). Information on water quality from the monitoring systems
may be important in selecting vegetation due to different salinity requirements for vegetation. Recruitment of
larval oysters on restored reefs depends on the dissolved oxygen values in the water column, which determines
the overall effectiveness of reef restoration. Both Alabama and Mississippi have set water quality guidelines, which
include guidelines for finfish and shellfish production. These guidelines can be found at http://www.adem.state.
al.us/alEnviroReglaws/files/Division6Vol1.pdf for Alabama and http://www.deq.state.ms.us/mdeq.nsf/pdf/WMB_
adopted_wqsstandoc_aug07/$File/WQS_std_adpt_aug07.pdf for Mississippi.
f. Soil Type and Soil Selection: Preexisting information about soil type at the proposed site may not be easily
available. Previously published technical reports on geophysical settings, topographic maps, dredging activity
reports and other information may aid in understanding the properties of the soil at the project site and vicinity.
Soil information is important in determining vegetation type, and the bearing capacity of the soil determines the
soil’s ability to withstand the additional load of heavy structures.
Once information on the above-mentioned parameters is gathered, the most probable living shoreline designs
can be narrowed down. Next, if the preliminary analysis is insufficient, a contractor may conduct a secondary and
potentially a tertiary analysis.

Secondary Analysis
If the collection and analysis of preexisting information is not sufficient, or if it is deemed advisable to verify the
collected information from different sources, follow the preliminary analysis with secondary and tertiary analyses.
The secondary analysis should provide firsthand knowledge of the proposed project site. A site visit, interviews
with local residents and area agency officials, and a sample collection for further analysis may constitute the
secondary analysis.
1. Conduct a site visit and interviews
A site visit and interviews may provide a clearer indication of the erosion rate at the site. Recent activities
may have been missed on the maps. For a firsthand assessment, use different instruments to determine wind
energy based on local physical settings such as pressure gauge, accelerometer buoy, acoustic wave gauge, wave
wire, LIDAR and RADAR. Wakes can be measured by visual inspection using a graduated rod where the rod
is placed vertically in the water and the passing wakes on the rod are counted. For upland and shoreline slope
measurement, highly accurate Real Time Kinematic GPS, or simple techniques such as rods or levels, may also
be used. Similarly, ground survey can be done to calculate width, and to estimate sunlight exposure. Although
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preliminary tides and currents information are generally available from various resources, tides and currents
at the project site can be measured by following the NOAA prescribed method (http://tidesandcurrents.noaa.
gov/publications/Computational_Techniques_for_Tidal_Datums_handbook.pdf). The project location should
be observed under different tidal and currents conditions to obtain an “average” tidal and current condition of
the location. Currents can be measured using acoustic Doppler velocimeter, acoustic Doppler current profiler.
Extreme storm surge values for the project site can be estimated by analyzing the storm values for 50-100 years.
This analysis can be performed using the step-by-step method discussed on FEMA’s website (http://www.
fema.gov/media-library-data/1392157467417-049f1bff1ba751d5226c8dc63b2f6848/Guidelines%20and%20
Specifications%20for%20Flood%20Hazard%20Mapping%20Partners%20Appendix%20D-Guidance%20for%20
Coastal%20Flooding%20Analyses%20and%20Mapping%20(Feb%202002).pdf).
This analysis also includes measuring water quality parameters to analyze whether water condition is optimal for
vegetation, oyster recruitment and growth. Similarly, soil type and soil bearing capacity should be measured at the
site.

2. Determine probable sea level rise
Although NOAA has historical records of relative sea level rise spanning decades, sea level rise for the particular
project may not be available. The U.S. Army Corps of Engineers has developed a methodology to measure the
probable sea level rise in three different scenarios of low, medium and high sea level conditions. Details of the
methodology can be found at http://www.corpsclimate.us/docs/EC_1165-2-212%20-Final_10_Nov_2011.pdf.
For the project location, all three scenarios must be considered before finalizing any design.
Tertiary Analysis
The third level of analysis incorporates actual measurement (firsthand data collection) and modeling of different
parameters specifically for the project location, which determines the effectiveness of the restored design even
after the project is over. The tertiary analysis is optional, and many projects are designed after the secondary
analysis. While optional, the tertiary analysis is helpful when the project requires in-field and long-term
evaluation.
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Selected Designs for Alabama and Mississippi
Oyster Reefs
Background and Description: Historically, natural intertidal and subtidal oyster reefs (fringe, string and patch)
protected the shores of Alabama and Mississippi. However, mostly due to human impact, the oyster reefs have
deteriorated substantially. Oyster restoration endeavors have focused on lowering the negative impacts of oyster
loss by deploying substrates to maximize larval recruitment. The oyster reefs and their variants (such as oysterfilled bags and oyster balls) have been deployed along the Alabama and Mississippi shores can attenuate some
wave energy and enhance finfish habitat. Most are designed to remain submerged. The eastern oyster (Crassostrea
virginica) is the preferred species for shellfish restoration in the northern Gulf of Mexico because of its ability to
form reef complexes. Reef complexes help diversify food webs in estuarine systems. Relatively recently, the idea of
oyster reef development for waterfront protection at residential scales has emerged in Alabama and Mississippi.
Physical and mathematical models have predicted high larval recruitment in and around Mobile Bay and in
Alabama and Mississippi waters in general.
Technical Considerations: Oyster reefs may be deployed in intertidal or subtidal zones. Research in Mobile,
AL has shown that the shoreline can be negatively impacted if the crest of the reef is placed at the incorrect level
relative to the tide levels. An expert in reef design should be contacted for design information. There are many
types of reefs that can be deployed. High-relief planted cultch reefs are piled to at least 1 foot (0.3 m) to maximize
juvenile oyster recruitment. In subtidal zones, cultch reefs are created in shallow water not exceeding 10-13 feet
(3-4 m) in depth. Depending on the scale of the project, barges can be used to transport large quantities of cultch
to the project site, and excavators and cranes can be used to deploy cultch. Contained cultch reefs are built using
various containers filled with oyster clutches. Contained cultch reefs are mainly deployed in intertidal zones and
are piled on top of one another. In some instances, crushed limestone and granite rocks or concrete with a veneer
of shells to attract oyster larva can be used instead of cultch. Along intertidal and subtidal zones, chain-link fences
and gabions can be filled with shells, stacked and wired to construct sturdier structures. Oyster mats (oyster shells
tied to anchored geotextile grids) are deployed in low-relief substrates. In addition, commercial, precast structures
are also being used in Alabama and Mississippi waters.
Oyster reefs are able to adjust vertically to sea level rise through natural growth and migration. A recent study
has found that oyster reef growth is unimodal, with the greatest growth rates occurring between 20%-40% aerial
exposure (Ridge et al. 2015). Thus, aerial exposure dictates the depth at which the reefs should be deployed. The
wave-attenuation capacity of oyster reefs, however, may be compromised under high sea level rise. Reefs may
lose their ability of wave attenuation if sea level rise outpaces their vertical adjustment capacity. Expanding the
width of the reef in the direction of wave travel can sustain wave attenuation in such cases. Daily and seasonal
tidal range should be considered before placing the reefs. To attain the maximum larval recruitment, reefs should
remain submerged the majority of the time, hence the crest of the reefs should be maintained at mean low water.
Prolonged aerial exposure of reefs may lead to stress on live oysters because they are unable to obtain food in dry
conditions.
Oysters have the ability to cement to each other and along the embankment; however, newly deployed
unconsolidated reefs are unable to withstand high wave energy and wakes. Reef-fortifying mechanisms such as
fences and gabion wire should be installed to ensure extra stability of the reefs. Recommended individual oyster
reef size based on energy condition is mentioned in Table 6. In high-energy and -wake areas, oyster reefs may be
modified and combined with other mechanisms, such as rocks, sills and marshes. Cultch oyster bags are useful in
attenuating waves in low-energy sites. Care must be exercised when stacking cultch bags on top of one another to
ensure that the bags are not prone to destabilization.
There are many factors to consider when determining the installation location of an oyster reef. First, a moderate
current is essential for sessile oysters to obtain their food (phytoplankton). However, high currents may hinder
oysters’ ability to obtain food in the water column. Second, oyster reefs should be deployed at an appropriate
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level. Third, geotextile fabrics should be placed at the sediment to avoid subsidence. Fourth, the local water
quality of the project site should be optimal for oyster growth. Oyster growth is directly dependent on salinity.
The eastern oyster can survive the salinity range of 5 to 35 ppt, yet optimal growth is found at 15-25 ppt. The
volume of freshwater discharge in the vicinity affects salinity. Although low salinity (< 5 ppt) enhances oysters’
ability to combat infection, it also interferes with the opening and closing of valves, which may affect food intake.
High salinity (> 35 ppt) favors oyster drills, a natural predator of oysters. Siltation is also an issue. High siltation
may bury reefs, hindering proper growth of oysters. Finally, although oysters prefer hard sediment/substrates for
growth, they are found in a wide variety of sediment grain sizes. For effective living shorelines projects involving
oysters, hard substrates must be deployed.

Marsh Vegetation
Background and Description: Marsh vegetation provides invaluable ecological benefits and stabilizes the
shoreline while counteracting shoreline erosion and sea level rise. The most commonly restored tidal salt
marsh species along the Gulf Coast are smooth cordgrass (Spartina alterniflora) and black needle rush (Juncus
roemarianus). Smooth cordgrass and black needle rush are appropriate choices for establishing vegetation along
the shorelines. The elaborate root structure of these plants helps hold the substrate intact. Smooth cordgrass is
a perennial grass that grows from extensive rhizomes. The plant grows in intermediate to saline marshes, often
forming dense stands over broad areas. It is a major contributor of organic matter to the estuarine food chain.
In areas further up rivers or bayous, lower salinity levels dictate the selection of different plants. Appendix I lists
commonly restored plants along the Alabama and Mississippi shores. Tidal marshes prefer a low- to mediumenergy environment. In Alabama and Mississippi, coir logs, sills and intertidal reefs are often deployed for extra
protection of created or natural marshes. Coir logs fortify degrading shorelines and provide an opportunity for
the restored marshes to mimic natural growth. Similar to oyster reefs, salt marshes are able to combat sea level
rise through vertical adjustment. See Appendices I and II for more information on restoration plant types and
uses.
Technical Considerations: Similar to oyster reefs, tidal vegetation can be planted at locations with an
erosion rate of 1.6 to 8.2 feet per yr (0.5-2.5 m per yr). While planting vegetation, the local tidal cycle should
be considered. Tidal range, flood tolerance capacity, inundation and salinity at the project site greatly affect
selection, placement and growth of vegetation. When planting in intertidal zones subject to changing water levels,
individual stems of smooth cordgrass should typically be planted 3 feet (1 m) apart. To increase the chance of
survival, the stems should be planted so that the roots are covered. Also, the stem must be secured by compacting
the soil around the base of the stem to prevent the plant from washing out. In higher-energy environments, it may
be necessary to plant more densely, perhaps one or two feet apart. When planting behind coirs or sills, plants can
be spaced 3 feet apart closer to the shore and decreased to 1 foot directly behind the sills or coirs.
If unable to adjust with the sea level rise, wetland vegetation is susceptible to submergence and consequently to
drowning of the root system. All possible scenarios of sea level rise and its consequences on marsh systems must
be considered. The drowning and draining periods of marsh root systems must alternate between high tide and
low tide.
For upland slope stabilization, saltmeadow cordgrass (Spartina patens) can be planted, which can tolerate
occasional flooding. Shoreline slope is a critical factor that determines the success of marsh restoration. Shoreline
slope of 8:1 to 10:1 is considered optimal for marsh growth. The width of the marsh strip determines the wave
dissipation capacity of tidal marsh. In case of availability of space, marsh strip can be widened to accommodate
more rows of vegetation. In gentle slopes, the first 8 feet of marsh vegetation width is able to attenuate wave
energy by 50%, while the first 100 feet of marsh width attenuates 100% of wave energy. Space can be created
for marsh planting by refilling soil/sediment or landscaping. A permit from the appropriate agency should be
obtained before backfilling soil/sediment. Biogenic mats should be used to resist subsidence of the newly filled
sediment.
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Water quality should be optimal for the marsh vegetation growth. Smooth cordgrass and saltmeadow cordgrass
are highly euryhaline marsh species that can tolerate salinity ranges of 0 to 35 ppt. However, growth is optimal
at 10 to 20 ppt. Both species grow well in sand-size sediment, yet both have been reported in a range of sediment
types. The root system expands well in sand-dominated sediment. Even during the planting process, sand should
be used as the marsh substrate. Sand is required for root penetration as well as for effective draining. The pH of
the sand used for smooth cordgrass plant should be between 4 to 7.5.
Marsh species require sufficient sunlight exposure for growth and propagation. The project area should be free of
shade from trees or man-made structures. Marshes require at least six hours of direct sunlight for growth.
In areas where the average fetch exposure is longer than 3.7 miles (6 km) or wave height is greater than about 1 to
1.5 feet (0.3 to 0.5 m), an oyster reef or marsh sill should be considered. Width of smooth cordgrass fringe should
be as great as possible, extending from no lower than mean sea level to an elevation between mean high water
and spring high water. Often, the lower border of the marsh will gradually extend toward the water. On beaches
that are unvegetated above spring high water, saltmeadow cordgrass may be planted from the upper limit of the
smooth cordgrass to the lower limit of the backshore vegetation or the toe of the bank, whichever the case may be.
Saltmeadow cordgrass is effective in accumulating wind-blown sediment, thereby elevating the backshore.
Planting should be performed early in the growing season. As soon as large bare or sparsely vegetated areas are
observed in the fringe, replanting should be done to cover up the gaps and ensure maximum protection against
backshore erosion. Marshes should be fertilized by scattering a suitable fertilizer (such as Osmocote) over the
entire marsh surface during a spring low tide. Marsh width, stem density and culm diameter are the predominant
variables in a marsh fringe’s wave-reduction potential. Unfortunately, there is little a contractor/landowner can do
to increase the stem density or diameters in a marsh that receives adequate fertilization. Marsh width can often be
maximized by planting both smooth cordgrass and saltmeadow cordgrass. A certain amount of time is necessary
after a marsh is planted for a formerly eroding bank to attain a stable slope.
It is best to begin construction on a living shoreline project during the winter months, ideally between November
and January. Winter usually provides the lowest tides. Also, beginning the project during the winter allows
sufficient time for any fill materials to settle before planting begins. The ideal months to begin planting, however,
are February through May. Planting during these months provides the plants a chance to become established
during the growing season and allows the vegetation several months of growth before the following winter arrives.
Obtaining the required construction and transplanting permits can take several months, so the application
process should ideally be started in early summer.

Marsh Sills
Description: Marsh sills are an example of a hybrid shoreline element where rock sills protect wetlands by
attenuating wave energy. These structures are most effective in low- to medium-energy sites. Sills are deployed
parallel to the shoreline to protect newly restored marsh landward of the sills. New marshland can be created
between sills and the shoreline by adding sediment and soil. The restored sediment and soil should be favorable
for marsh growth with appropriate grain size, pH and redox potential.
Technical Considerations: Along the Alabama and Mississippi shorelines, marsh sills are preferable in areas
with an erosion rate of 1.6 to 8.2 feet per yr (0.5 to 2.5 m per yr). Unlike oyster reefs and marsh vegetation, marsh
sills are not able to adjust with sea level rise. Under high sea level rise conditions, sills will not effectively attenuate
wave energy. To some extent, the addition of sills can aid in the protection of marshland behind the sills.
To minimize erosion, sill height should be designed depending on the energy level of the location. Sill height
should be maintained at mean high water in low-energy settings to allow regular waves to overtop and enhance
accessibility of marine organisms to the marsh behind the sill. In moderate-energy settings and at project
locations where the marsh width is less than 15 feet and the width cannot be increased, the height should be
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raised 1-2 feet above mean high water. Care should be taken to ensure that marsh vegetation behind the sills is not
inundated continuously for more than 18 hours a day.
The size and shape of a rock sill depends on a number of factors, including the wind fetch, wave energy, marsh
width and slope. The diagrams presented in Appendix IV show some specifications on the shape and size of the
sills. In case of storm surges, water overtops the sills. During high storm surges, low-crested sills are not effective
in wave-energy dissipation. Upland and shoreline slopes do not affect the sills themselves but will highly impact
marsh behind the sills. Slope landward of the sills should be maintained for proper growth of marsh.Width of the
marshes also determines their wave-attenuation capacity. A wider strip of marshland behind sills has a higher
wave energy dissipation capacity. Mild slopes are equally important for drainage. Sills should be constructed
closer to the shoreline where the water depth is not more than 6 feet (1.8 m). In marsh sill designs, sills are at the
front line of energy dissipation; therefore, in Alabama and Mississippi, 70 to 80 feet (21 to 24 m) of marsh behind
the sills will be sufficient to lower wave energy by more than 90%. The efficiency of the marsh sill system depends
on the effectiveness of the sills; therefore, it must be ensured that the sills do not sink. In case of low soil-bearing
capacity, geogrid fabrics should be placed under the sills to avert sinking.
Water quality parameters will not have any effect on rock sills; however, marsh vegetation behind the sills depends
on water salinity. The water quality requirements for marsh vegetation are mentioned on page 21. Sunlight
exposure will have no impact on the sills; however, it will affect marsh flora greatly. For marsh growth and
propagation, sufficient sunlight of at least 6 hours per day is required during all seasons.

Headland Structures
Background and Description: Headland structures are engineered barriers built on and parallel to the
shoreline to protect the marshes or beach environments from erosive waves. Headland structures cannot be
connected to the shore other than by fill material deposited when the structures are made or by sediment that
may accumulate behind them over time. Headland structures are built in shallow areas where sand or marsh
is present. Headland structures cannot be used if they would cause appreciable downdrift erosion. Deployment
of headland structures should have a significant positive effect on any natural or planted vegetation behind
the structures. For growth and propagation of marsh vegetation, the above-mentioned guidelines should be
followed. The composition of headland structures should be related to the amount of energy that would have to
be withstood by the structures. Nearshore slopes where the headland structures would be created should have a
flat slope to maximize the efficiency of the waves breaking by the structures.
Wave Screens
Background and Description: Wave screen or fence is a simple structure, usually constructed of treated
marine timber, placed waterward of a marsh to attenuate wave energy. Depending on need and design, the wave
screen may be used to protect and stabilize the marsh toe. The wave screen may be designed to meet site specific
needs and preferences. The vertical boards can be placed tightly together or spaced with gaps, and its crest
may be above or below normal water levels. The wave screen can be an alternative to a rock sill, accomplishing
similar outcomes. The wave screen has a smaller footprint than a rock sill and therefore has less direct impacts to
submerged water bottoms. A wave screen and constructed marsh living shoreline was installed Dog River (AL)
where the largest waves are generated by boats. The wave screen is approximately 30 feet in length (parallel to the
shore) and is about 20 feet (6 m) from the shore. The crest of the wave screen is approximately 6 inches (0.15 m)
above mean high water. A small amount of sand fill was added behind the wave screen to achieve an appropriate
elevation for planting local marsh grass.
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Practical Decision Tree for Undefended Shorelines
Start here
Yes
Bank
erosion

Vegetation management: forest stewardship

Forested
shoreline

Low

Vegetation management: marsh and/or riparian buffer

No

High/undercut

0-30 ft.
Forested
shoreline

Bank
height

Yes

>30 ft.

No
Improvement
prohibits grading

Yes

Manage forest to prevent tree fall

AND

Grade bank and use upland management

AND

Move improvement if possible, consult experts

No
Grade bank
and vegetate
AND
Yes
<15 ft. wide

Low

Marsh with fiber log

Fetch
Moderate/
high

Marsh present

Low
No

Beach present

Marsh with sill

Vegetation management: marsh and/or riparian buffer

Fetch
Yes
>15 ft. wide
Yes

Moderate/
high

Rock sill waterward of marsh

Beach nourishment with sill or headland structure where necessary
Shallow

No

Low

Nearshore water depth
Medium

Fetch

Shallow
Moderate

Marsh with sill/wave screen
Marsh with sill/wave screen

Nearshore water depth
Medium

High

Marsh with coir log

Headland structure with
beach renourishment

Headland structure with beach nourishment

Source: VIMS-CCRM Coastal Management Decision Tools, Decision Tree for Undefended Shorelines and Those with Failed Structures, ccrm.vims.edu/decisiontree/undefended.html.
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Decision Tree Terms Explained
Bank Erosion: The loss of upland soil along a shoreline due to the action of water, ice or wind.
Indicators of erosion include bare soil areas, leaning and fallen trees, exposed tree roots, dead tree
stumps in the water and bank slumping.
Low Bank Erosion: No evidence of active soil movement as indicated by dense wetland and/or
upland vegetation, trees growing straight up, trees of different ages, multiple layers of vegetation
(canopy, midstory, groundcover) and a relative absence of exposed soil areas.
High Bank Erosion: Evidence of active soil movement, including bare exposed soil areas, numerous
leaning and fallen trees, dead tree stumps in the water and/or bank slumping.
Undercut Bank Erosion: Loss of soil only at bank toe due to tidal action or water currents.
Bank Height: Approximate vertical height of the upland bank.
Beach: Shoreline type dominated by loose, unconsolidated sand.
Beach Nourishment: Placement of good-quality sand along a beach shoreline to increase the beach
width and raise the elevation of the nearshore area.
Fetch: The distance across open water over which wind blows and waves are generated. This
distance is measured at all angles from the shoreline. Short: <0.5 mile (< 0.8 km); Moderate: between
0.5 to 2 miles (0.8 to 3.2 km); Long: >2 miles (> 3.2 km).
Coir Log: Manufactured, biodegradable log that provides temporary erosion and sediment control
and provides a medium for growing plants, particularly wetland and bank vegetation.
Forested Shoreline: Shoreline type dominated by mature canopy trees and other forest vegetation
layers, such as midstory trees, shrubs and ground cover.
Grade Bank: Steps taken to reduce the steepness of a slope to allow for wave run-up and to improve
vegetation growing conditions.
Marsh Present: Tidal wetland plants are growing along shoreline in parallel fringe or inland bays and
tidal ponds (pocket marshes).
Marsh With Coir Log: A treatment that uses fiber logs for temporary stabilization of a planted marsh
area.
Marsh with Sill: A low structure placed near the mean low water elevation then backfilled with sand
to create a tidal marsh where it does not occur naturally.
Nearshore Water Depth: The vertical distance between the water surface and the submerged
bottom, usually referenced in feet, below the mean low water elevation (e.g., – 2 ft. MLW).
Shallow: Water depth of < 3 feet (< 1 m) at 30 feet (9 m) waterward from MLW
Deep: Water depth of > 3 feet (> 1 m) at 30 feet (9 m) waterward from MLW
Revetment: A sloped structure constructed with large, heavy stone or other material (riprap) placed
against the upland bank for erosion protection. The size of a revetment is dictated by the wave height
expected to strike the shoreline.
Rock sill waterward of marsh: A low rock structure placed near the mean low water elevation
adjacent to an existing tidal marsh.
Headland Structure With Beach Nourishment: A structure usually built of rock positioned offshore
to deflect the force of incoming waves and to contain a sand beach. Sill is generally of lower elevation
and closer to shore. A headland structure is generally larger and further from shore.
Upgrade Management: Actions taken to capture rainfall and runoff from impervious surfaces rather
than allowing it to flow or be directed toward the waterway. Relocate or elevate buildings that are
routinely flooded or threatened by erosion.
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Vegetation Management Forest Stewardship: Enhancing the existing forest condition by selectively
removing dead, dying and severely leaning trees, pruning branches with weight-bearing load over the
water; planting midstory and ground cover vegetation; controlling invasive upland species introduced by
previous clearing.
Vegetation Management, Marsh and/or Riparian Buffer: Enhancing the existing marsh condition by
periodically removing excessive tidal debris and solid waste, repairing storm-damaged areas, or adding
new wetland vegetation. Enhancing the existing riparian buffer condition by adding new trees, shrubs and
ground covers and replacing lawn with ornamental grasses, native shrubs and small trees.
Wave Screen: a simple structure, usually constructed of treated marine timber, placed seaward of a
marsh to attenuate wave energy.
Source: VIMS-CCRM Coastal Management Decision Tools, Decision Tree for Undefended Shorelines and Those with Failed Structures, ccrm.vims.edu/decisiontree/decisiontree_manual.pdf.

Notes:
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Key Aspects of Alabama and Mississippi Regulatory
Framework
Permitting Procedures
It is recommended that applicants meet with the permitting agencies prior to submitting applications. A preapplication meeting will help both the agency and applicant identify any potential issues before the application
is submitted. Project-specific verification or approval must be received prior to conducting regulated activities
in the waters of the United States, including wetlands. The permitting steps for both Alabama and Mississippi
within the U.S. Army Corps of Engineers, Mobile District Regulatory boundaries are set forth below:

Alabama
1. Joint Application: For a living shorelines project to be evaluated for permit authorization, applicants must
first submit a joint permit application to the Army Corps of Engineers (Mobile District) and provide a copy
of the application to the Alabama Department of Environmental Management (ADEM), and the Alabama
Department of Conservation and Natural Resources, State Lands Division (SLD).
2. Mobile District Review: The Mobile District will determine whether the project, based on its proposed
impacts, will be evaluated as an individual permit (IP), a letter of permission (LOP), a nationwide permit
(NWP), or a regional general permit (GP). A project evaluated under the IP process requires a project specific
30-day public notice. Also, IPs require project specific Water Quality Certification (WQ) and, if within the
state’s coastal zone, project specific Coastal Zone Consistency Determination (CZM) from the ADEM. LOP
evaluations (Section 10 only) require a 15-day notice to commenting agencies and project specific CZM
if within the state’s coastal zone. Projects with minor impacts would be evaluated under the NWP or GP
program. Both programs have ADEM CZM comnsistency and WQ certification, thus evaluation can be an
expedited process. It is therefore preferable for projects to be scaled to meet NWP or GP requirements when
at all possible. In Alabama, many proposed living shorelines projects may be permitted under ALG10, the GP
for living shorelines, provided the proposed work meets the conditions outlined in the general permit.
3. ADEM Review: The ADEM reviews applications concurrently with the Mobile District. If the ADEM
identifies coastal resource concerns with the project, it will notify the Mobile District and the applicant of
those concerns. Typically, such concerns are related to the potential for the project to impact wetlands and/
or submersed grass beds. Additional information may be requested of the applicant, for example, a grass
bed survey, no matter which permitting track the project fits (IP, NWP, LOP, or GP). If the Mobile District
determines that the scope of the project does not meet the requirements of its NWP or GP, the Mobile
District will require either an IP or LOP. The ADEM would then have to determine whether the project
would violate state water quality standards pursuant to CWA § 401 (Note: This requirement is not applicable
to LOPs). The ADEM would also have to determine whether the project is consistent with the state’s coastal
management plan, which is referred to a federal consistency. During this process, the ADEM can develop
conditions on its water quality and coastal zone determinations which must be included in the final permit.
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4. SLD Review: In cases where projects extend seaward of mean high tide and/or are located on state owned
submerged lands, applicants will need to secure a separate approval from SLD. In such cases, the applicant must
complete and submit an SLD Notice of Intent to Impact State Owned Submerged Lands form (NOI) to the SLD.
The SLD will then determine if the project is consistent with SLD Rule 220-4-.09 and either issue approval of the
project or notify the applicant of any needed project modifications. Applicants are encouraged to submit the NOI
to the SLD at the same time they submit their Joint Application to the Mobile District and ADEM so that the two
review processes can take place concurrently.
5. Navigation Review: As part of the permitting process, the applicant should notify the Alabama Marine Police
and the U.S. Coast Guard Eighth District Private Aids to Navigation Section to ensure that the project is
appropriately marked.
6. County or Municipality Review: The applicant must also determine whether the applicable city or county
ordinances would require the applicant to secure a building permit and/or land disturbance permit.

Mississippi

1. Joint Application: For a living shorelines project to be evaluated for permit authorization, applicants must submit
a joint permit application to the Army Corps of Engineers (Mobile District). If the project is located in Hancock,
Harrison, or Jackson County, authorization is also required from the Mississippi Department of Marine Resources
(DMR). Applications should be submitted to the Mobile District through DMR and many authorizations may be
issued by DMR. The DMR reviews the application and determines whether it should be processed as a general
permit (GP) or not. If it does not qualify for a GP, the DMR will forward the application to the Mobile District.
2. Mobile District Review: The Mobile District will determine whether the project, based on proposed impacts,
will be evaluated as an individual permit (IP), a letter of permission (LOP), or a nationwide permit (NWP). A
project evaluated under the IP process requires a project specific 30-day public notice. Also, IPs require project
specific Water Quality Certification from MDEQ and, if with the state’s coastal zone, project specific Coastal
Zone Management (CZM) consistency determination from MDMR. LOP evaluations require a 15-day notice to
commenting agencies and adjacent property owners. For projects which are determined to meet the requirements
of either a NWP or GP, additional environmental review may be required, however there is no requirement for a
project specific public notice. It is therefore preferable for projects to be scaled to meet NWP or GP requirements
when at all possible. In Mississippi, many proposed living shorelines projects may be permitted under MSGP-03,
the GP for living shorelines, provided the proposed work meets the conditions outlined in the general permit.
3. MDEQ and DMR Review: If the Mobile District were to require an individual permit, the Mississippi Department
of Environmental Quality (MDEQ) would have to determine whether the project would violate state water quality
standards. DMR would have to determine whether the project is consistent with the state’s coastal management
plan. During this process, MDEQ and DMR can develop conditions on the water quality certification and coastal
zone consistency.
4. Secretary of State Review: Authorization from the Mississippi Secretary of State may be required for activities
occurring on submerged water bottoms.
5. Navigation Review: As part of the permitting process, the applicant should notify the Mississippi Marine
Patrol and the U.S. Coast Guard Eighth District Private Aids to Navigation Section to ensure that the project
is appropriately marked. The Mobile District will also evaluate whether or not the proposed project may have
a potential impact to navigation with particular emphasis on projects proposed near federally maintained
navigation channels.
6. County or Municipality Review: The applicant must also determine whether the applicable city or county
ordinances would require the applicant to secure a building permit and/or land disturbance permit.
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Riparian Rights

Although individuals who own waterfront property do not own the submerged lands in front of their property,
they do maintain certain “riparian rights” to those submerged lands. For example, waterfront property owners,
with appropriate permits, can withdraw water from the adjacent water body and they can build docks. However,
they cannot exclude others from walking along the shore, as long as those walking along the shore stay below the
ordinary high water mark or ordinary high tide line.
In Alabama, there is a 10-foot setback requirement from the riparian lines of adjacent property owners (SLD Rule
220-4-.09). In Mississippi, an applicant must submit an Adjacent Property Owner Authorization if construction is
less than ten feet from the adjacent property.

Moving Boundary Lines
The boundary between upland property owners and the state moves as the shoreline erodes or accretes. However,
if a shoreline protection measure increases the land along the shoreline, it is considered artificial accretion and the
new land may be owned by the state. In Alabama, the SLD may require the applicant to sign an affidavit saying
that the applicant understands that should the shoreline project cause accretion, that new land would be owned
by the state, not the applicant. The State of Mississippi does not allow shoreline accretion from permitted activities
to change the property boundaries. Property owners and contractors should investigate all requirements for each
state.

Liability for Personal Injury
So long as the structure is marked in compliance with the signage requirements, property owners in Alabama and
Mississippi are not liable for boat or watercraft accidents or personal injury of recreational users related to any reef
structures (Alabama Code § 35-15-1; Mississippi Code § 89-2-1).

Resources
Web Sites
Mobile District: http://www.sam.usace.army.mil/
ADEM: http://adem.alabama.gov/default.cnt
SLD: http://www.outdooralabama.com/state-lands
DMR: http://www.dmr.ms.gov/
MDEQ: http://deq.state.ms.us/Mdeq.nsf/page/Main_Home?OpenDocument
Joint Application and Notification Forms
Alabama: http://adem.alabama.gov/DeptForms/Form166.pdf
Mississippi: http://www.dmr.state.ms.gov/images/permitting/joint-application-notification-form2.pdf
Additional information
www.dmr.ms.gov/index.php/coastal-resources-management/wetland-permitting
www.deq.virginia.gov/Portals/0/DEQ/CoastalZoneManagement/task94-01-09.pdf
www.vims.edu/cbnerr/_docs/ctp_docs/ls_docs/06_LS_Design.pdf
www.livingshorelinesforum.org
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Appendices
Appendix I: Commonly Restored Plants With Low Salinity Requirements
Common Name

Scientific Name

Swamp Lily

Crinium americanum

Dwarf or Bush Palmetto

Sabal minor

Texas Spider Lily

Hymenocallis liriosme

Iris

Iris virginica

Giant Cutgrass

Zizaniopsis miliacea

Bull Tongue

Sagittaria lancifolia

Groundsel Bush

Baccharis hamifolia

Marsh Elder

Iva frutescens

Wax Myrtle

Myrica cerifera

Salt Grass

Distichlis spicata

Switch Grass

Panicum virgatum

Appendix II: Planting Tidal Marsh Vegetation
Landscape Settings
• Plenty of sunlight (at least 6 hours of full sunlight each day)
Elevations
• Identify the local tide range, plant above mid-tide range
• Bank grading or fill needed if regular high tides reach upland bank
• Ideal slope is 10:1
• Needs proper drainage, no stagnant water during low tide
Soil
• Sand is best, hard peat and muck must be avoided
• If fill is needed to raise elevation, only clean sand is allowed
• Allow 2-4 weeks after fill or grading for landscape stabilization
Tidal Marsh Plants
• Select plant species based on local salinity
• Plant at correct elevation, include both high and low marsh zones with overlapping planting where they join
Time of the Year
• Spring or early fall, avoid planting in summer heat
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Spacing
• 3 foot (1 m) centers for average conditions, alternate species in transition areas
• Plant above and below predicted elevation
Fertilizers
• 0.5 oz. in each planting hole
• Apply slow-release fertilizers
Grazing
• Eliminate any grazing on the newly restored plants
Invasive Species
• Use native species
Process
1. Dig hole
2. Place fertilizer in hole
3. Insert plant at least 4 inches deep
4. Pack to remove air pockets

Appendix III: Deploying Coir Logs
Description of Coir Logs
• Manufactured biodegradable logs act as a medium for plant propagation
• Slope stability increases with growth of fibrous root system
• Decay within 5 years in marine environment
• Approximate cost per running foot is $88
Landscape Setting
• Areas of low-shear stress, low-flow velocity (e.g., tidal coves, very shallow tidal creeks, lakes, ponds)
• Not recommended as the primary toe stabilization measure in streams or rivers with currents
Elevations
• On graded bank to support landscape restoration
• At bank toe to support bank and marsh planting
• Channelward from planted marsh to contain sand fill until plants become established
Staking
• Stakes must be used every 3 to 4 feet (1 to 1.3 m) to anchor logs into place
• Stakes on water side only in very low energy settings
• Stakes on both sides in medium-energy settings
• Cinch stakes together over the top of log using heavy twine if logs could be moved by tidal currents, boat wakes
Connecting Logs
• Ends of adjacent logs should be laced together with twine, bend logs at the end into bank and bury to prevent
water from intruding behind the roll and dislodging it
• Stacked logs can also be used
Planting Into Logs
• Choose plants based on location and tidal inundation
• Logs must be partially in the water unless plants can be irrigated
• Install plants in a zigzag pattern on top or sides of logs
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Appendix IV: Deploying Marsh Sills
Description of Marsh Sills
• A trapezoidal structure engineered with careful rock placement and gaps between rocks
• Not a jumbled pile of rocks
• Trapezoidal shape provides structure, stability, and allows for wave run-up
• Gaps between rocks help dissipate wave energy, allow for tidal flushing and provide shelter for small animals
Marsh Toe Sill
• Low-profile sill placed along the eroding edge of existing tidal marsh
• Should not be placed on marsh surface
Marsh Sill
• Sand containment structures backfilled to create suitable elevations for a planted tidal marsh
• Imported sediment from upland source or suitable bank grading material
TYPICAL SILL CROSS SECTION
Planted tidal marsh

Height near mean high water elevation

Width varies 10-30+ ft.

Construction access for hand or machine placement of stone required

EXAMPLE: LOW BANK
Existing conditions:
Bank face is erosional
Base of bank is erosional
Existing marsh
+8.2 ft.
+6.5 ft.
3-4 ft.

Full fill
Minimal fill 2 ft.
Low sill
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+2.5 ft.

Existing bottom
MLW

EXAMPLE: HIGH BANK – UNSTABLE
Bank face is erosional
Base of bank is erosional
Marsh width 5-10 ft. or none
Backshore Wedge
Without Bank Grading

+6.5 ft.
3 ft.

3:1 Grade
+5-6 ft.

+3.5 ft.
MLW

High sill

EXAMPLE: HIGH BANK – TRANSITIONAL
Bank face is transitional
Base of bank is erosional
Marsh width 5-10 ft., or <5 ft. or none
Backshore Wedge
Without Bank Grading

+6.5 ft.
3 ft.

+4-5 ft.

3 ft.
MLW

Medium sill

EXAMPLE: HIGH BANK – STABLE
Existing conditions:
Bank face is stable
Base of bank is erosional
Marsh width <5 ft.
+8.2 ft.
+6.5 ft.
+3-4 ft.

Full fill

2 ft.
Low sill

Source for Diagrams: VIMS-CCRM
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2.5 ft.

Existing bottom
MLW

Tidal Openings
• Straight gaps can be problematic due to wave diffraction and shoaling just inside the gap that restricts tidal
exchanges, contrary to the gap’s purpose
• Offset gaps with sinuous openings are more effective
Marsh Sill Recommendations
• Use only if action is required and nonstructural methods are not sufficient
• Design landward if possible (grading), minimize encroachment into water
• Make structure as porous and low as possible
• Minimize/restore construction access impacts

Appendix V: Deploying Headland Structures
Offshore Breakwater System
• A series of structures made of rock or oyster shells positioned immediately offshore to refract waves, producing a scalloped but stable shoreline
• Used for high-energy marsh or beach environments
• Can require marsh fill or beach nourishment
Consideration
“Following work by Irribarren (1938, 1950), comprehensive investigations were made by Hudson (1953, 1959,
1961) at the U.S. Army Corps of Engineers Waterways Experiment Station and a formula was developed to determine the stability of armor units on rubble structures. The stability formula, based on the results of extensive
small-scale model testing and some preliminary verification by large-scale model testing, is known by Hudson
Formula.” Shore Protection Manual 1984.
1. Design wave height
wr H3
2. Weight of armor unit
W=
3. Weight of water (varies with salinity)
KD (Sr – 1)3 cotg(0)
4. Slope of structure
5. Constant for breaking/nonbreaking waves
6. Types of armor units
7. Breakwater gap length
8. Bay indentation
9. Initial beach width
10. Finished beach width
11. Ratio of gap to indentation, resulting in a stable embayed shoreline
(Hudson Formula definitions are H = design wave height; wr = specific weight of rock; KD = stability coefficient;
Sr= specific gravity of rock; Θ = structure slope.)
The area behind the wave break may fill naturally or may be filled with materials to achieve elevations suitable
for planting. To create conditions that will encourage natural filling and mimic natural marsh or beach conditions, the headland structure should fall between mean high and mean low tide. At high tide, waves should wash
over the headland structure, bringing in fresh nutrients and organics and dropping sediments. At low tide, water
should be allowed to run out of the marsh or down the beach to allow for flushing of the area. Additionally, the
headland structure should be planned with gaps to allow ingress and egress of marine resources. The gaps may be
staggered or overlapping to slow the flow of water, which may carry sediments out of the project area. Maintaining sediment behind the headland structure is key to project success.
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Appendix VI: Deploying Wave Screens
Description of Wave Screens
• Timber structure used as an alternative to a stone sill
• Attenuates wave energy and protects toe of marsh/fill
• Usually close to shore and in depths < 2.5 ft
• Can be constructed with or without gaps between boards

Typical Design Features

Construction Materials & Methods
• Constructed from marine timber
• Components include piles, walers,
vertical boards, and an optional cap
• Double waler design is most common
• Vertical boards may be spaced 0 to 1 inch
Placement
• Flat/mild sloping offshore bottom
• Water depths < 2.5 ft
• 10 ft to 30 ft from shore
• Top/cap placed 0.5 ft above mean high
water

Typical Wave Screen Cross Section

Comments
• Avoid spacing/gaps near bottom if used for
toe protection
• Wave transmission increases with spacing
between vertical boards
• To reduce wave height by 50%, screen
porosity must be < 15%
• Screen porosity of 20% will only reduce
wave height by 20% - 30%
• See Smith & Kriebel (2004) for more
information
Example
• Porosity is P = s / b (see figure) [spacing
divided by center-to-center distance]
• For 2 x 6 vertical boards and 1 inch gaps, the
porosity is P = 1 / 7 = 14%
• Do not make gaps smaller than 1 inch or they
will close with marine growth

Porosity
Calculation
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