
NCU-H-01-003

-% *<*&. •

J\mhr

l> y ^p e n c s r

A jj d Tracy

1 -

%!

,.**>



The Soundfront

PREFACE

The estuarine areas of North Carolina are seeing increased residential and commercial development,

with more proposals on the horizon. Sustainable use ofthese areas requires awareness, understanding and implementation
ofsound design and management options. The long-term environmental health ofthe land,

water and natural resources will benefit thegrowing economy and quality oflife.

The N.C. Division ofCoastal Management with North Carolina Sea Grant and the North Carolina State University

College ofDesign developed The Soundfront Series, informational guides toassist property owners

and community planners and managers. The guides are available in print and on theWeb.

The series includes:

• Shoreline Erosion in North Carolina Estuaries, by Stanley R. Riggs. UNC-SG-01-11.

Riggs is a distinguished professor ofgeology at East Carolina University.

• Managing Erosion on Estuarine Shorelines, by Spencer Rogers andTracy E. Skrabal. UNC-SG-01-12.

Rogers is North Carolina Sea Grant's coastal erosion andconstruction specialist.

Skrabal is a senior scientist with the North Carolina Coastal Federation.

• Protecting Estuarine Water Quality Through Design, by Nancy White. UNC-SG-01-13.

White is an associate professor of landscape architecture in theCollege ofDesign at North Carolina State University.

• Protecting the Estuarine Region Through Policy and Management, byWalter Clark. UNC-SG-01-14.

Clark is North Carolina Sea Grant's coastal law and policy specialist.

Lundie Spence, marine education specialist for North Carolina Sea Grant, and Bill Crowell, senior policy analyst

ofthe Division ofCoastal Management, served ascoordinators and technical editors for the series.

Katie Mosher, Ann Green and Pam Smith, all of the North Carolina Sea Grant communications team, edited the series.

For information on theDivision ofCoastal Management, call 919/733-2293 or888-4RCOAST.

The division's Web site includes information on permits and regulations, as well ascontacts for regional offices.

Goto www.nccoastalmanagement.net.

For information onNorth Carolina Sea Grant —and toorder individual guides orthe complete series —

call 919/515-2454. Online, go to www.ncsu.edu/seagrant.
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Managing Erosion

Chapter 1: Introduction

Niorth Carolina's estuarine areas

include nearly 4,500 miles ofestuarine and
ocean shorelines, andmore than 2.1 million

acresof estuaries and coastal rivers. The

abundance ofbayfront vistas and recreational
opportunities is paralleled by the dynamic and
changing nature ofthese regions, often creating
conflicts between the increasing demand for
shoreline properties and the ongoing erosion
processes.

Shoreline erosion is anatural process
involving prevailing wind, wave and current
conditions. Theactualerosion ratewithin an

area may vary within estuarine systems and
over time, depending upon individual site
conditions and the frequency ofstorms or
other causes oferosion.

North Carolina's estuarine landscapes
have changed considerably over centuries.
Agricultural areas, residential subdivisions and
commercialand industrial facilities have

replaced once-forested shorelines. As aresult,
increased runoffcontaining sediment and other
pollutants has entered the surface waters and
groundwater supplies. Natural marsh fringes
that once buffered and protected uplands have
eroded due tonatural and man-made causes,
resulting in higher rates ofupland erosion and
associated water quality concerns.

As the demand for estuarine shoreline

property rises, the value alsoincreases.

Thus, landowners becomeconcerned about

property lossdue to erosion and mustmake

decisions regarding whether or not to
stabilize waterfront property (Figure 1,
facing page). These are complex decisions
because mere arenumerous options for
shoreline stabilization.

Estuarine property owners and local
governments face difficult choices as they
strive toselect appropriate strategies to
control erosion that are cost-effectiveand

environmentally sound.

Managing Erosion on Estuarine

Shorelines ispart of The Soundfnmt Series.
Thisguidebook provides a basic understand
ingof thenature andcauses of shoreline
erosion, and introduces a number of

management strategies. Thispublication is
intended toprovide general guidance, and
not to be considered a construction

specifications manual. Alandowner may
undertake some approaches, while other
options should bepursued with the
assistance of anexperienced professional.

Inorder toprovide practical shoreline
management options, this guide focuses on
several topics:

• Causes and effects of erosion are

discussed briefly in this guidebook tohelp

property owners understand various
options. A morecomprehensive discussion
oferosion is found in thecompanion North
Carolina Sea Grant guide, Shoreline
Erosion in North Carolina Estuaries by
Stanley R.Riggs.

• Basic elements of site evaluation are

presented, including parameters for
evaluating specific sites.

• A range ofstabilization options is
presented: wetlands planting options, stone
structuresand verticalwalls. In some cases,

property owners mayhandle thetaskalone.
In others, professional services orguidance
are required. Some property owners may
choose to live with the conditions.

• An overview of thepermit process
provides readers contactinformation for

the North Carolina Division of Coastal

Management (DCM). Updated regulations
are available online or at DCM offices in

Raleigh and thecoastal region.
• Additional resources will assist

landowners in making and implementing
erosion-control decisions.

Individual property owners, develop
ersand local officials may have interest in
specific segments ofestuarine shoreline.
This guide will put decisions regarding
these specific segments into a larger
perspective.
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Managing Erosion

Chapter 2: Planning for Estuarine
Shoreline Stabilization Options

E.stuarine property owners often have
difficult decisions regarding specific sites with
active shoreline erosion. Tlieir options may be
influenced by permit and policy decisions
made by resource managers who must
balance land-use options with the long-term
healthof the estuarine environment.

The first step in developing ashoreline
management strategy is to define goals that
benefit the property owner and reduce
negative impacts onthe natural environment
(Figure 2, facing page). Once appropriate goals
are selected, the properly owner should
determine the specific nature ofthe erosion
problem, evaluate the existing site condition,
and choose one or more options to success
fully address the erosion problem and achieve
the management goals. Table 7identifies eight
possible goals. Other site-specific goals may
depend upon the use, geography or access.

Table 2.Shoreline Management Options

Table 1. Shoreline Management Goals

• Stabilize shorefront lands and structures

against erosion.
• Protect and/or enhance property values.
• Provide forhuman safety.

• Achieve cost-effective solutions.

• Protect water quality by reducing runoff
andpreseiving buffers.

• Preserve, enhance or restore natural

wetlands, sandy beaches andother
inteitidal habitats.

• Protect existing orcreate new uses such
as boating access orswimming.

• Ensure compatibility with adjacent land
uses.

Insome cases, onegoal may be
achieved atthe expense ofanother. Priorities
may vary within different stretches of

shorelines oramong neighboring properties.
Also, itisdifficult toachieve all goals atthe
lowest cost. For example, the option of
wetland plantings isenvironmentally
beneficial and may be relatively inexpensive

compared to vertical walls. However,

planting a marsh with nostructural enhance
ment isgenerally recommended only for
lower energy areas. In addition, twoor more
approaches may be considered for a

particular site,butevaluation of costs, access

lorequipment oravailability of materials
may narrow theoptions.

Shoreline management decisions are
based ona variety offactors, including
priorities, goals, cost, site conditions and land
use. Information sources include consultants

andcontractors with experience in the
following areas:
• Coastal erosion

• Shoreline management options
• Natural resource protection
• Marine construction

• Permit requirements

• Relative costs for various strategies
Inchoosing a consultant orcontractor,

take time tovisit completed projects and talk
with the property owners toassess their level
of satisfaction.

Table 2 provides a spectrum ofshoreline

Land Management Vegetation Beach Fill or Nourishment Shoreline Hardening Sand Traps

• Development setbacks • Planted native marsh • Add sand toanexisting • Bulkheads • Groins
• Live with erosion grasses, such ascordgrass natural beach • Revetments • Breakwaters
• Managed buffer of mixed and black necdlerush • Marsh sills

shoreline vegetation in intertidal area
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The Soundfront Series

figure 3. Increased erosion of forested shoreline between the two bulkheaded lots.

management options, generally inorder of
increasing site modification and intervention
inthe land/estuary interface. Within each
management option, a range ofcosts and
impacts should beconsidered during the
planning process. The options are explained
indetail inChapter 5.

PLANNING

CONSIDERATIONS

Determine the specific nature of the
erosion problem: Does the property have
aneroding beach, marsh or upland? What
are the forces causing the erosion? Isthe
shoreline considered a low-, moderate-, or

high-energy site? Isthe erosion due to long-
term conditions or a single event, such as a
major hurricane? Evaluating the nature of
the erosion may be limited tooneproperty
or may require review of a much more

complex length ofshoreline.

Page 6

Identify management goals andset
prioritiesforthe site: Use Tables 1and 2 to
begin the assessment. Setting goals for a
shoreline project isa critical step inmoving
forward with any approach. Goals tostabilize
land and protect structures may conflict with
goals to protect habitat. On the other hand,
some projects may bedesigned toachieve
several goals. Once goals are established,
property owners may identify more specific
priorities and make decisions about what
works best for each unique situation.

Consider potential effects and interac
tions ofthe project onadjacent properties and
the natural environment: Manystrategies to

protect the property from shoreline erosion
can result in increased erosion of adjacent

properties (Figure 3). Some options reduce
thesediment supply normally feeding a
sandy beach ormarsh area (Figure 4).A
project may cause wave and current energy
tobe redirected toadjacent unprotected

shorelines. Give consideration to the need for,

andpossibility of.a cooperative project
between neighboring properties or within a

community. Joint projects maycostsignifi
cantly less than a piecemeal approach, while
avoiding the"domino" effect of unwanted
erosion. Measures should be considered to

minimize damage toadjacent or nearby
properties, andto protect natural estuarine

habitats.

Compare costs andavailability of
materials: Assuming allother factors are
equal, costs and material availability may be
the deciding factors between two effective
options. Inaddition, property owners should
consider the accessibility of thesite for
materials and equipment, costs of labor and
equipment for each approach, site adaptations
needed foreach measure, and long-term

durability and expected lifetime foran
erosion-control measure. While costs are

always important, a less expensive alternative
may not realize the level ofbenefits that may
beachieved from another approach, such as
long-term stability, protection and/or
enhancement of marshes or beaches, and

aesthetic appeal.
Compare complete costs ofap

proaches: For example, compare the cost
per lineai- foot ofthe structure versus the cost
per foot for the overall protection. Insome
cases, it may be more cost-effective to choose
the"noaction" altemative overanystructural
measure.For certain site conditions, property

owners may prefer to move structures and
infrastructure or retreat from the property
rather than tospend money oncostly
approaches that may beunsuccessful against
the existing high-energy forces.

Develop a realistic approach: In
evaluatingsiteconditionsand design for a



shore-protection strategy, keep your
expectations realistic. The forces of nature
are often unpredictable anddynamic. Both
the advantages and relative risks of living

along the shoreline should be factored into
developing an approach forshoreline
management. Structural approaches are

generally designed tobeeffective for
moderate storm conditions, and to remain

relatively stable forlonger periods of normal

conditions (although materials mayfail in
shorter time periods). Itmay beunrealistic to
design forcatastrophic weather conditions

such as extreme hurricanes, as the structures

may be toocostly or result ingreater adverse

impacts for the adjacent properties and
natural environment.

Considerpermit requirements: Any
evaluation should include an assessment of

federal, state and local permits needed to
implement a given approach. Information
regarding application procedures andrules
governing approvals should be obtained

from theappropriate agencies.

In North Carolina, property owners
likely will need a Coastal AreaManagement
Act (CAMA) permit for any development
onornear the shoreline. Anestuarine project

Figure 4. Increased erosion ofbeach and marsh shoreline adjacent to abulkheaded lot.

Managing Erosion

alsowill need to follow development rules

specific tothe Area ofEnvironmental Concern
(AEC) inwhich theproperty is located.

Inaddition toa CAMApermit, a project

may also need other federal, state, and/or
local approvals. Forcurrent information on
permit needs for shoreline erosion-control
measures, contact the N.C. Division of Coastal

Management. On theWeb, go to www.nc
coastalmanagement.net and follow thelinks

forrules and permits fortheCAMA Guide to
Development in Coastal North Carolina.

Also, seeChapter 6: Regulations and
Permits, laterinmisguide.
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Chapter 3: Estuarine Shoreline
Erosion Causes and Effects

E.stuarine shoreline erosion can be

simply defined as the wearing away of
shorelinesediments — (he toss of land into the

estuary. Erosion is a normal geological process,
and the rate ofshoreline erosion will vary from
place to place. However, when aspecific
shoreline is disappearing, it becomes far more
than ageological process for the owners (Figure
5,facing page). Erosion may benatural, but it
also can become a threatening personal issue.
Tliis chapter helps assess the causes and
explain the range oferosion on ashoreline
segment. Chapter 5 describes a variety of
erosion management alternatives. Combined,
the guidebook will discuss the generally
inevitable tradeoffs that occur when using
erosion-management techniques.

EROSION CAUSES

Shoreline erosion in the estuaries is

caused by moving water, usually waves or

currents. Breaking waves only several
inches tall have the power tomove sand and
other sediments both offshore into deeper
water and along the shoreline tosomeone
else's property. Once coastal sediments are
inmotion, they areoften redistributed based
ongrain size andweight. The finest and
lightest sediments, silts and clays, are
suspended in thewatercolumnand

transported todeeper, less turbulent water
where they settle todie bottom of bays and
sounds. Larger andheavier sediment, such

as gravel and boulders, are rare in North

Carolina's estuaries. They aretoo heavy to
be moved very farbythesmall waves of the
estuaries. Where present, most of thegravel
and boulders remain inplace near the
shoreline, butmay settle asfiner sediments
are removed from around and under the

larger material. Sandy sediment isbounced
alongthebottom underthewaves.

The circular motion of waves causes

reversing currents as the wave form passes.
First, the current moves in the same

direction as the wave. But then it reverses to

opposite the wavemotion underthe wave

trough. Thus, waves give sand-size sediment
more complex motion patterns. Depending
ontheshoreline conditions, sand maybe

moved away from, back to, and along the

shoreline — sometimes all at the same time.

Once die shoreline sediments are set into

motion bydiewaves, gravity always hasthe
edge, gradually moving sediment of all sizes

away from thehigher positions along the
shoreline todeeper parts of dieestuary.

Shoreline erosion also can be caused or

increased byboat wakes. Recreational and
commercial boats can generate closely
spaced, steep waves that are particularly
prone tocause erosion. The larger and faster
die boat, generally the larger diewave
created. On wind-sheltered shorelines, wave

heights canstill exceed three feet duetoboat
wakes. This isparticularly diecase along
dieIntrdcoastal Waterway (ICW). The ICW

wasconstructed to provide an inland route,
sheltered from ocean waves, for commercial

vessels to transit the East and Gulf coasts.

In many areas, thewaterway wascon
structed asa straight canal through marshes
and even upland property (Figure 6). Prior
to construction,the buildersobtaineda

wider easement onbotii sides of theoriginal
canal, anticipating future erosion. Many of

these excavations have doubled in width

since construction was completed in the
mid-1930s.

TIDES AND WEATHER

Changes in water level, dueto lunar or
wind tides, canaffect theshoreline. Higher
waters allow larger waves to reach the

Page9
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Figure 6. Overhanging peat sediment with marsh grass, probably due to waves and tidal currents.

shoreline rather than break in shallow water

offshore. In tidalareas, most erosionof die

upland property takes place athigh tide rather
than lowtide (Figures 7,8).

Storms and hurricanes also can

drastically alter water levels. Storm surge and
sustained winds can cause the water level to

rise along some shorelines, while dropping
the water level on odiers. When onshore

winds andwavesaccompany thestorm

surge, erosion of theshoreline is more likely.

Aldiough often diought tobeconstant,

sea levels are gradually rising onmost world
shorelines. The rise is measured notjust in
geologic limebutalso bytide gauges in place
fortens tohundreds of years. In North
Carolina sea-level rise has been estimated to

Page 10

continue indierange of four inches tonearly
twofeet percentury. Thisseemingly small

vertical change would begreatly amplified
bydie flat slope ofdiecoastal plain.

Onany particular shoreline atany
particular time, die wave conditions and
water levels in die estuaries are determined

bydie weadier, primarily the direction,
speed and duration of the wind. Shoreline
erosion is most often a weadicr-driven

phenomenon. Like many familial" weather
conditions, shoreline erosion can be

expected tobehighly variable over a period
of years ordecades. Consider rainfall. North
Carolina neverseemsto havean"average"

rainfall year — usually there isa drought or
flooding. Likewise, wide variations in

erosion should beexpected from yearto

year.

Whendeciding how to address any

erosion ona shoreline segment, consider
both thelong-term erosion that might occur
over die next few decades as well as the

potential erosion during an infrequent but
severe storm such as a hurricane. The best

solution for long-term erosion isoften
different than die best choice for relatively
rare,storm-induced erosion. The apparent

direat of erosion is usually perceived by
recent losses overa day, a monthor a year.

Understanding both the long-term, chronic

erosion on yourshoreline anddieeffect of
any recent severe storms will aidin
choosing die best solutions.



Managing Erosion

Figure 7, top: Low-bank erosion ofaforest. Figure 8, bottom: High-bank erosion ofa forest. Note the probable high-tide position.

Page 11
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Managing Erosion

Chapter 4: Site Evaluation

E.stuarine shoreline erosion will vary by
region and by particular features ofagiven area.
Here are six points to consider when evaluating
aproperty site.

1. Remember that historic changes are
often the best tool inpredictingfuture
erosion. Look foroldsurveys or photographs
diat goback at least 10years. Olderis better,
preferably 50to 1(X) years. A few infrequent
storms maynotbe much of a threat toyour
property. However, chronic erosion overa
longperiod may require morecareful

scrutiny. Do not panic overa single storm.

Onestorm may bea rare butsevere event,
not toberepeated fordecades.

2. Orientation ofproperty andland use
affect erosion. Property exposed to stonns.
boat wakes and tidal currents will erode

faster, with wetlands having the highest
potential, followed bylow- and then high-
banks topography. Runoff duetobuffer
removal and/or hard surfaces also removes

more sediment from theshoreline, resulting
in increased erosion.

3. Beaches provide evidence ofsandin
motion and, in mostcases, erosion. If a

beach does not experience relatively frequent
rearrangement by waves, plants will take

over, converting it toa vegetated upland or
flinging wetland widi different erosion
characteristics. Sandy beaches areoften
indicators of active bank erosion on the site

orsomewhere else (Figure 9, facing page).
Determining theprevailing wave direction

provides thegeneral direction of sand
movement. In some cases, surface runoff and

groundwater seepage cancontribute to
increased sediment on thesandybeaches.

4. Tlie presence ofterreshial, not
wetland, living vegetation, on theshoreline
isusually an indicator ofa stable upland
property. Mostplants cannot tolerate either
erosion or much burial of dieroots. Large
trees areevidence of a historically stable

location. It is common around higher
shorelines to find large trees growing on top
of theridge butonly smaller trees of thesame
species along a lower terrace, adjacent todie
shoreline. Thisis usually evidence of
infrequent storm damage. For example, a
hurricane orsevere storm may erode die high
bluff, but die lack of more severe chronic

erosion allows new vegetation tobecome
established on die lower terrace.

Healthy terrestrial vegetation can
indicate thehistorical stability of theupland
area, butdefinitely doesnot always reflect
die future of die shoreline. Fallen trees are

common shoreline features. Smaller stonns

erode andremove die grasses andshrubs.
Larger deesdiat collapse from erosion are
often toolarge tobe floated indiestonnsand
are left where they fell, clear evidence of
recent erosion. Once dead on the shoreline,

natural decay processes take over. Most trees
will decompose in 10years or less, depend
ingon diespecies. Fallen trees on a shoreline
indicate erosion overthat time period.

Cypress trees — common along die

fresher water shorelines — provide evidence
of dierate of erosion. Cypress can live
offshore in several feet of water. However,

cypress seedlings cannot grow indieopen
water. They must takerooton seasonally dry

land. Ifyourshoreline hascypress trees
growing offshore, diey did not start life out
there. Theshoreline haseroded. The ageol
die dee can be used to estimate when the

shoreline was waterward of die tree.

5. Salt marshes and other shoreline

wetlands may havehigher rates of erosion
thanmostothershoreline types in the

estuaries. Theirunique tolerances tosaltwater
and freshwater inundation as well as their low

elevation make their erosion patterns different
from upland areas. During hurricanes,
wetlands aresubmerged by die stormsurge.

Once underwater, erosion-causing waves

passoverwithout much effect. (Later, it is
explained howthis trait can beused toreduce
upland erosion.) Marshes and wetlands are
usually resistant to erosion in dieworst

stonns. In contrast, dieir low elevation

exposes diem tomore frequent, daily wave
conditions. Most marshes and wetlands

experience chronic rather dian acute erosion.
These areas are less sensitive to severe stonns.

6. A site's shoreline erosion potential
should beputinto a larger context. For
example, a property ownershould consider
howspecific shoreline management options
may change surface water discharge patterns.
The management optionshouldnot increase

runoff.

Page 13
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Chapter 5: Options for Managin
or Control Iins Erosion

T
IheIhere are many different types of

structures and methods for dealing with
estuarine shoreline erosion. These options can
be grouped into five broad classes, based on
similar functions, such as:

• Land management
• Vegetation
• Beach fill or nourishment

• Shoreline hardening
• Sand traps

Each option represents aseries of
complex tradeoffs —properly use by the
owner, impacts onadjacent shorelines and
effects on the environment (Figure 10, facing
page). Tradeoffs may bedescribed from
separate perspectives: the property owner's
use ofthe land, the impact on neighboring
shorelines, water quality ofthe adjacent
waters, and the biological impact on the
aquatic resources. Different perspectives may
lead to different conclusions.

With the exception ofbeach fill, erosion-
control options prevent the eroded upland
from sharing sand with neighboring beaches.
By altering the sand supply to protect uplands,
some adverse impacts onadjacent shorelines
are unavoidable. The exact pattern oferosion
tradeoffs will depend on many factors. Erosion
may bemarginally increased onboth sides, or
one side may experience decreased erosion as
the other side erodes faster. Thisis even true for

vegetative alternatives. Minimal impacts

typically occur when all ofthe beach erodes at
aslow rate, rather than forcing unprotected
shorelines to provide the sand supply for
protected areas. The effect is most obvious on
beaches with higher waves.

LAND MANAGEMENT

Live with itor plan for erosion.
Thisoption recognizes thatshoreline

erosion will continue at a rate based on die

evaluation of the shoreline history. For new
development, land management means

advance planning of building locations and
otherdevelopment activities sodiat tiiese

structures will not be direatened or can be

readily adjusted during their useful lifetime.

Examples include voluntary building
setbacks from die shoreline to allow room

for future erosion, ora plan for periodic
lengthening of die landward endof a dock
as die shoreline retreats.

Forexisting development, diebest
choice also maybenoaction toprotect the
shoreline (Figures 11,18). After evaluating

die likely future erosion, it isoften cost-
effective and feasible to live with it. This

choice depends on die rate of erosion. It is
easiest to applywhere theerosion rates are

low. However, it may be impractical where
erosion rates arehigh or where existing
structures arealready direatened.

From a property owner's perspective,
living widi erosion isoften dielowest-cost

alternative since no action is needed. If

conditions change, dieproperty owner may
stillconsider useof the otheroptions at any

time in the future.

Whensurprised by diepresence of
shoreline erosion, property owners often feel
financially direatened as their expensive land
disappears into diewater. In reality, shoreline
property isgenerally valued by location, view
andwaterfront footage rather than bydie total
land area, a value commonly applied to
inland lots. As longas dieexisting andfuture

uses of die land are not threatened, die value

of the property isseldom harmed bylosing a
little upland areatoerosion. A house 150 feel

from die shoreline will have the same value

as diat house at 100 feet, allelsebeing equal.
The property value ismorelikely tobe

affected when a building or odierman-made
feature or a natural amenity, such as a trophy
tree, gets close enough to be perceived as
direatened. Advance planning can avoid die

perception of an erosion tiireat.
On unprotected, estuarine sandy beach

shorelines, allowing erosion to continue may

have the lowest impact on neighboring

beaches. This is because erosion from die

upland areas isdieusual source of diesand
thatreplenishes erosion loss from die beach.

Also, where beaches exist naturally, die
shoreline is likely to maintain at least a

nanow beach for suitable recreational uses.

Witiiin land management, biological and
water-quality tradeoffs arecomplex. Erosion
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Figure 11. An estuarine creek with docl<s but without stabilization.

isa natural process — andnatural

processes often areperceived as "best
management practices" byresource

managers. However, from a water quality
perspective, die largest volume ofpollutant
entering oursounds issediment The

greatest contributor of sediment entering
ourlarger water bodies is shoreline erosion,
followed byagricultural and construction
runoff. Theeroded soils alsocany nitrogen
and other nutrients that have been linked to

harmful algal blooms and other problems.
If a reduction in sediment is desirable, tiien

stabilizing a shoreline may bepreferable to

letting natural erosionoccur.

Page 16

VEGETATION

Where a fringe of salt marsh fronts a
shoreline, erosion of upland property is
infrequent or nonexistent. Based on diis

concept, marsh plants have been added in
some locations, creating flinging marshes
diat have successfully controlled erosion
formore than 30years. Fringing marshes
protect dieupland intwoways. First, the
stems of die grasses act like a porous
breakwater, gradually dissipating diewave
energy before reaching theupland. Second,
diebest marsh species used forerosion
control build a touch root mat surface diat

canabsorb ordissipate theforce of
breaking waves, stabilizing the soft,

underlying soil. The tenacecreated by die
rootmat forces the largest waves to break

before reaching dieupland, thus reducing

erosion on thehigher ground.
The success ofplanted marshes

depends upon the shoreline exposure to

wind, waves and boat wakes. If the

shoreline isexposed to less than one mile
of fetch — diedistance of open water for
wind to build die waves — then marsh

planting islikely tobesuccessful. In
estuarine areas, smooth cordgrass
(Spartina altemiflord) is prefened. based



ongrowth rate andtough root mat. Itgrows
in salty to brackish waters, preferring at

least a little salt. Black needlerush {Juncus

roemerianus) is die best alternative in

fresher waters.

Generally, these plants arefinicky

about water levels on the shore. Smootii

cordgrass prefers a dailytidecyclewidi

bodi wetanddiy periods, generally

growing best between thehigh-water
elevation andmid-tide level. Itcangrow
higher or lower butgenerally does not
compete well widi high marsh or upland

species. Eventually it will dieindeeper
water. Inestuaries dominated by wind tides,
die appropriate planting elevations vary but
canbedetennined byobserving healdiy
native marshes nearby. Onceplanted, the
roots spread quickly andtraporganic matter

tobuild a tough rootmat. Theroot matwill
build in tiiickness, gradually raising die
ground elevation, eventually approaching
diemean high-tide elevation.

Black needlerush grows at a slightly
higher and narrower elevation range and in
fresher water. Smooth cordgrass spreads
faster and usually builds a thicker root mat.

Marsh planting ismosteffective on
beaches or man-altered shorelines with

fetches under one mile and where boat

wakes are nota significant problem. A

marsh fringe at least 10feet wide is
necessary for erosion control, but 20feet or
more is preferred.

Planted marshes usually replace
eroding beaches (Figure 12). Environmen
tally desirable features maybecreated,
including productive biological habitat and
an additional vegetative buffer, which
protects water quality by reducing the
impact of upland stormwater runoff. The
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Figure 12, top: Marsh shoreline with a team planting grass. Figure 13, bottom: Grass sprigs ready
for planting.

biggest tradeoff isdie loss ofany beach for
habitat or human recreation. If die marsh is

not established continuously along die
shoreline, erosion can continue on the

unprotected beaches. The mostcommon

cause of failure is planting inmi areadial
experiences severe wave conditions.

However, die cost is so low diat it is often

worth a try inareas widi marginal exposure
to waves. In some cases, two or more

planting attempts may be required forthe
marsh to take hold. Once established, the

marsh will gradually spread byrhizomes or
underground root runners dial emerge as
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Figure 14, top: Rows ofnewly planted marsh grass. Figure 15, bottom: Mature planted
marsh grass absorbing waves, thus decreasing erosion on shoreline.

new shoots, eventually covering dierange of
water deptiis diat it prefers.

Marshgrasses may be purchased from

specialized commercial nurseries or
transplanted from existing marshes (Figures
13,14). Property owners can plant marsh
grass as a do-it-yourself project. The mediod
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hasbeen particularly effective onsites where

previous marshes were destroyed by
dredging and filling. Where appropriately
sited, a planted marsh canbeoneof themost
cost-effective erosion solutions. Planted

marshes aregenerally considered tobeone
of themost environmentally desirable

erosion-control approaches (Figure 15).
Odiei"s types of vegetation also may be

helpful in managing dieshoreline.
Saltmeadow hay (Spartma patens) is a salt-
tolerant marsh grass that helps stabilize die
area landward andisbetter foruseinhigher
elevations than smooth cordgrass orblack
needlerush. In freshwater areas, mature bald

cypress trees (Taxodium distichum) offer
effective shoreline protection. The wide

trunks actasbreakwaters, even though
sediment may belost between die trunks.
Cypress seedlings must take root above die
normal water level indrysoil. They only
become offshore breakwaters as die shoreline

erodes back. Theslow growtii rate requires
long-term planning and patience for
development of erosion managemeni
benefits. Erosion maycontinue landward of

dieUccs but generally at reduced rates
compared tonearby beaches witiiout trees.

BEACH FILL OR NOURISHMENT

A beach on an estuarine shoreline is

clear evidence that waves areregular y
rearranging die sand, preventing die growth
of marsh orupland vegetation. Beaches are
erosion features. Thesimplest explanation is
that sand isalways being lost from diebeach
system. Waves andstonns replace these

losses by eroding the upland propcrt).

Beach fill or beach nourishment is die

addition of sand toa beach tocompensate for
expected or realized losses. The added sand
docs not cure beach erosion but can be

considered a U'eaUnent for die problem.

Therefore,most beachfills must be main

tained by periodically adding sand. Upland
erosion protection is provided if thebeachis

kept sufficiently wide to break thestorm



ongrowth rate andtough root mat. Itgrows

insalty tobrackish waters, preferring at
least a little salt. Black needlerush (Juncus

wemerianus) is die best alternative in

fresher waters.

Generally, these plants are finicky
about water levels on the shore. Smoodi

cordgrass prefers a daily tide cycle widi
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ground elevation, eventually approaching
themeanhigh-tide elevation.
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faster andusually builds a thicker root mat.
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beaches or man-altered shorelines widi

fetches under one mile and where boat

wakes arcnota significant problem. A

marsh fringe at least 10feet wide is
necessary forerosion control, but20 feet or

more is preferred.
Planted marshes usually replace

eroding beaches (Figure 12). Environmen

tally desirable features may becreated,
including productive biological habitat and
an additional vegetative buffer, which
protects waterquality by reducing die

impact of upland stomiwater runoff. The

biggest tradeoff isdieloss of anybeach for
habitat or human recreation. If die marsh is

not established continuously alongdie

shoreline, erosion can continue on die

unprotected beaches. The mostcommon

causeof failure is planting in an areadiat

experiences severe waveconditions.
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Figure 12, top: Marsh shoreline with a team planting grass. Figure 13, bottom: Grass sprigs ready
for planting.
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to waves. In some cases, two or more

planting attempts maybe required forthe
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underground root runners diatemerge as
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Figure 14, top: Rows ofnewly planted marsh grass. Figure 15, bottom: Mature planted
marsh grass absorbing waves, thus decreasing erosion on shoreline.

new shoots, eventually covering die range of
water depdis dial it prefers.

Marsh grasses may be purchased from

specialized commercial nurseries or

transplanted from existing marshes (Figures
13,14). Property owners canplant marsh

grass as a do-it-yourselfproject The method
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hasbeenparticularly effective on siteswhere

previous marshes were destroyed by
dredging and filling. Where appropriately
sited, a planted marsh canbeoneofdiemost
cost-effective erosion solutions. Planted

marshes aregenerally considered tobeone
of diemost environmentally desirable

erosion-control approaches (Figure 15).
Otiiers types of vegetation also may be

helpful in managing theshoreline.

Saltmeadow hay (Spartina patens) isa salt-
tolerant marsh grass diat helps stabilize die
area landward andis better foruseinhigher
elevations than smoodi cordgrass or black

needlerush. In freshwaterareas, maturebald

cypress trees (Taxodium distichum) offer
effective shoreline protection. The wide
trunks actas breakwaters, even tiiough
sediment may be lost between dietrunks.
Cypressseedlings musttakerootabovethe

normal water level indrysoil. They only

become offshore breakwaters as die shoreline

erodes back. Theslow growth rate requires
long-tenn planning and patience for
development of erosion management

benefits. Erosion may continue landward of
thetrees butgenerally at reduced rates

compared tonearby beaches without trees.

BEACH FILL OR NOURISHMENT

A beach on an estuarine shoreline is

clear evidence diat waves are regularly
rearranging die sand, preventing die growth
ofmarsh or upland vegetation. Beaches are
erosion features. Thesimplest explanation is
diat sand isalways being lost from diebeach

system. Waves and storms replace these
losses by eroding dieupland property.

Beach fill or beach nourishment is die

addition ofsand toa beach tocompensate for
expected or realized losses. The added sand

does not curebeacherosion butcan be

considered a treatment for die problem.
Therefore, most beach fills must be main

tained byperiodically adding sand. Upland
erosion protection is provided if die beach is

kept sufficiently wide tobreak thestorm



waves before reaching theupland. Beach

fills work best where thewave activity is
high butdieerosion rates are relatively low,

dius reducing dievolume of added sand, the

frequency of maintenance and, therefore, die
cost of the method.

Beach fill or beach nourishment has

onemajor advantage overotiier erosion-
control methods. Odier erosion-control

options haveat leastsomeadverse effect on

dieadjacent shorelines. In contrast, adding

sand todiebeach benefits dieneighboring
shorelines, helping toslow their erosion rate.

An important design consideration is
locating a clean sand source. Silts and clays
should be minimized. Beach fill alone is

considered impractical on beaches with very
higherosion rates, but maybe combined

with groins or larger breakwaters to reduce
sandlosses to acceptable levels. The added

sand also serves topartially offset theimpact
of "sand traps" on adjacent shorelines.

The major tradeoff forbeach fill is diat
itburies aquatic habitat neardieshoreline.

When substantial beach fill is placed
waterward of diehigh-water line, it is likely
tokill most of what is living ontheoriginal

bottom. Most species living nearactive
beaches canadapt tomore gradual sediment

changes. When placed inthewaves, silts
andclays indiefill arequickly removed

from die beach andcanaffect adjacent
aquatic bottom habitat, where species may
be less tolerant of burial.

Because of itspotential environmental
impact, state regulations do not generally
allow beach fills fordiepurpose oferosion

control on estuarine shorelines where

beaches do notexist. However, regulations
allow fordieplacement of sand as fill on
some existing estuarine beaches. Where die

biological conditions allow, clean sand has
also been placed above thehigh-water line
onexisting beaches as a source of sand tobe
redistributed bythewaves.

SHORELINE HARDENING

Historically, shoreline hardening

has been die most common estuarine

erosion-control method in North Carolina

(Figure 10). A variety of structures canbe
used to armor the shoreline and retain the

upland soil. Examples include bulkheads,

seawalls, retaining walls andsloping stone
revetments. Theirfunction is to protect

whatever is landward of die structure. On

estuarine beaches, diesignificant tradeoffs
are potential erosion-rate increases
waterward andadjacent to diestructures,
often resulting indieloss of diebeach. Thisis
because sediment diat istrapped behind die

structure isno longer available tosupply sand
to die beach. On beaches where sand moves

alongdieshoreline in predominately one

direction over dieyear, diestructures
eventually can interrupt thelongshore
movement ofsand. Sand can betoppedon
onesideof diestructure, benefiting one
property but creating a sand deficit and loss
on diebeach on neighboring properties.

Hardening die shoreline landward ofan
eroding beach almost always will result in
die eventual disappearance of die beach. If
you decide toharden theshoreline, plan to
lose diebeach. Theseverity of theimpact
and die lifetime of die remaining beachare

directly related todie erosion rate andhow
far waterward die structure extends. The best

way to minimize dieimpact andmaximize
die lifetime of die remaining beach is to locate

the structure as far landward aspossible.

Managing Erosion

Theenvironmental impact of shoreline
hardening isaffected asmuch bythe
placement of fill and grading ofareas
landward of diestructures as bystructures
themselves. Thefill usually kills plants and
benthic animals at diesite, converting

wetland habitats to upland, tenestrial habitat
landward of die structures. Beaches and

freshwater wetlands are the most common

losses.

The tradeoff isan increased aquatic
bottom. As die depth waterward of the

structure increases, the hard surfaces of die

structure become an attractive substrate for

die attachment of barnacles, oysters and other
organisms. Thestructure mayalsoprovide
feeding habitat forestuarine fishes. The
biological benefit isdirectly related to the
suiface areaof diestructure indieappropriate
water depth. Forexample, vertical walls have
a limited surface areacompared to thelarge

irregular surface ofstone revetments for
potential biological growth and habitat.

The water-quality impact ofshoreline
hardening issitedependent Sediment and

nutrient losses intodiesounds caused bythe
shoreline erosion will be reduced. On some

sites, stonnwater runoff may bebetter
managed widi structures than widiout.
Hardening die shoreline, filling and grading
will alter die vegetated buffei's around the
sound diat have been shown toeffectively
remove a variety of nutrients and other
pollutants before they reachdie sounds.

Compared todie original shoreline, the
water-quality buffering capacity will depend
ondie plant species diat are replanted
landward of die new structure. The most

effective water quality buffei's include a mix
of shallow-rooted grasses forsuiface runoff
and deep-rooted trees for groundwater
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Figure 16, top: Rock sills and graded shoreline, ready for vegetative planting. Figure 17, bottom:
Completed rock sills with healthy marsh grass sheltered from waves.

flowing toward dieestuaiy. The removal of
a naturally vegetated shoreline buffer will
alterdieoriginal functions of wildlife

habitat, nutrient removal andshading. Thus,
the new functions of thebuffer will depend
on thespecies diatare replanted landward of

the new structure.
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Sills with Marshes and Wetland
Revetments

Aldiough marshes have been shown to
protect die upland, tiiey canhave high
erosion rates inareas where heavy boat
traffic causes wakes. Most shorelines

experience the worst erosion during severe

storms. In contrast, die erosion direat to

marshes isprimarily due todaily wave
conditions diat remove sediment under the

root mat. Once undermined, the root mat

breaks off, and die marsh shoreline erodes

until die marsh isdestroyed. Many present
estuarine beaches once had hinging marshes
that have now disappeared. Asdie marsh
narrows and is eventually lost, erosion of die

upland property usually follows.

Low-elevation stone or wooden

structures called sills or breakwaters can be

used tosuccessfully plant new marshes in
fetches of 10 or more miles and in areas with

serious boat-wake problems, such as along
dieICW. Sills provide a wave-sheltered area
diat makes it easier fornewplantings to
become initially established (Figures 16,17).
Sills are typically constructed offshore of
unvegetative areas where additional marsh

canbeencouraged togrow or a few feet
seaward of existing marshes. Wetland
revetments areusually stone structures placed
immediately adjacent to an eroding marsh
root mat or other wetland features.

In the longterm,structures are intended

to protect the waterward edgeof die

developing root mat from undermining
during daily conditions. Thestructures are
kept low inelevation, no more tiian six
inches toa foot above thenormal high water
level. The low height allows large stonn-

induced waves to pass over, andit also
reduces dieoriginal construction cost.

Sills canbe used toplant marshes where
they could not otiierwise thrive or toprotect
existing marshes that areactively eroding.
Obvious undermining of diewaterward edge
of die root mat canserve asa good indicator
of erosion activities inexisting marshes. If
existing marshes aresufficiently wide- anddie



upland is not eroding, it may notbe

necessary toplant additional marsh grasses.
Marshwiddis of 20 feetor greaterare

preferred forupland protection. Wetland
revetments alsocan be usedto protect

existing marshes or, infresher waters, may
be used toprotect swamp forest fringes or
other wetlands diatprotect dieupland but
have moderate erosion rates on the shoreline

fringe.

Wooden sills areusually dielowest-
cost structural approach used toextend
marsh protection tomoreexposed shore
lines. Stone sills aremore expensive to
construct butcanbeexpected to lastlonger

and to beeasier to repair. Bodi types of
structures are toosmall toprovide erosion
protection fordieupland andarenot
effective until die marsh grasses are

successfully established.

Stone sills and wetland revetments are

most often constructed of granite, marine
limestone, or concrete riprap. Granite is
preferable due toitsrelative density, angular
shapes and availability ina wide range of
sizes. Marine limestone hasa lower density
or lighter weight than gnuiite, making it less

stable than granite fora comparable
structure. Thecostof granite isgenerally
higher than lor limestone, but this isoften
offset by long-term stability andeffective

ness. Concrete riprap has similar density as
granite but is usually produced insmaller,
less stable sizes from demolished concrete

slabsandotherbuilding debris. In most

cases, stone sills are constructed to maintain

a stable slope of 2:1 or 1.5:1.
Bodi stone and wooden sills cause

waves tobreak ontheircrest, trapping water
behind die structure. It isnecessary toallow
thetrapped waterto return to openwater

widiout causing excessive localized currents

around die structures.Therefore, sills are

designed to be porous. Return flow occurs
either between diestones or through half-
inch spaces between each sheathing board in
the wooden structures. The ends of die

structures are left open toallow additional
return How andtoavoid trapping larger fish
during tidal changes.

The most common construction

problems areundersized stone sills diat are
too steep and have unstable foundations.
Stability canbe increased by initially placing
thestoneon a layerof filter fabric to reduce

settling. Wooden structures must bewell
imbedded in die bottom and stiff, or the

structure's oscillations when hitby waves
will create a scour hole on bodi sides of the

structure, potentially leading to structural
failure.

The benefits and tradeoffs when sills or

revetments are combined widi planted
marshes aresimilar toplanted marshes
alone. The structures cover additional

aquatic bottom but add hard substrate in
addition to die marsh habitat. Stone sills

covera larger areaof aquatic bottom, but the

manynooks add a largesurface area that

serves asaquatic habitat. Wooden sills offer
a smaller area of hard substrate but a smaller

footprint disrupting the original bottom.
Inaddition to losing die beach, die use

of marsh forerosion control also requires
habitat trading andloss of aquatic bottom for
wedand additions. Like other erosion-

control structures, successful marsh

plantings on beaches canprevent diesand
that would have been eroded from being
shared with dieadjacent shorelines, causing
anincrease indie adjacent erosion. Given
die multiple advantages of planted marshes,

Managing Erosion

die tradeoffs areusually considered to be
acceptable. SeeSeaGrant's Shoreline
Erosion Control Using Marsh Vegetation
and Low-CostStructures, UNC-SG-92-12.

Vertical Walls
Traditionally, themost commonly used

erosion-control structures in North Carolina

have been vertical walls, variously called
bulkheads, seawalls or retaining walls. The

function of the structure is to retain die soil

behind itduring storm waves. As long as the
soil or backfill is retained in contact widi the

landward side of die structure, wave forces

applied to the wall are transfened todie
earth, requiring only minimal design
capacity forlandward-directed forces like
waves(Figure 18).

Thedesign of vertical walls isdictated
notby waves butbydieneed to retain die
weight of thesoil andanyadditional
groundwater trapped landward ofdie
sUucture (Figure 19). The walls must be
imbedded sufficiently deep to prevent die
toeof diestructure from being pushed
waterward when eroded by waves. The tops
ofwalls are usually anchored tardier
landward in thesoil toprevent thesUucture
from being pushed waterward by dieweight
of thesoil. Rods or cables attached to thetop

of die wall, called tiebacks, extend 10to 20

feet landward of diewall where tiiey are
anchored to heavymasses or imbedded

pilings called deadmen. Thedeadmen must
befarenough landward toavoid thearea
diat will shift if die wall moves waterward.

Retaining diefill behind diewall is
critical tosuccessfully transferring diewave
forces. Sincethewalls aredesigned tohold
updieweight of diesoil rather than to resist
die waves, even small losses of backfill can
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Figure 18, top: Vertical wooden bulkhead retaining weight ofsoil landward. Note lack ofany
fringing marshes and scour areas. Figure 19, bottom: Vertical wooden bulkhead in front of
housing units.

lead toaninitial local collapse, followed by
a rapid progressive failure of dieentire
structure. Preventing diesoil from being lost
through cracks, jointsor odiersmall holesis

dierefore a critical design issue. Filter fabrics
areusually placed on dielandward sideof
die walls to better retain die fill. Because the
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weight of theretained soil controls dieforces
ondiewall, taller walls require stronger
materials andcost more tobuild properly.

Any groundwater trapped behind diewall
adds todieweight of die soil against the
sUucture.

Vertical walls can cause adverse

environmental impacts. These impacts can
include loss of intertidal habitat and

increased erosion adjacent toandin front of
dievertical walls. These impacts vary widi
alignment, wave environment, bottom
substrate, degree of stormwater runoff,
amount of vegetative buffer on die landward

sideof wall, andtheexisting marsh infront
of diewall. Forexample, ifa vertical wall is
placed inan environment of a long fetch and
high wave energy, itcan bea factor inthe
loss of marsh vegetation andsediment.

Good design includes provisions to

allow water toflow through die wall rather
than to be retained. Filter fabric landward of

die wall also allows die water to drain, at the

same time retaining diesoil behind die
sUucture. Sand is preferred for backfill

because itdrains betterthanclaysandsilts

diat tend to trapthewater — adding weight
to the retained soil.

The narrow footprints of vertical walls
allow tiicm to be moved farther landward

than odier shoreline hardening structures in
diemost common applications. A more

landward location minimizes thepotential
environmental impact of anystnicture. An
exception isalong high banks andbluffs

where room maybe needed waterward of
the bluff to install tiebacks and deadmen.

Common design problems include
failure toplan forfuture long-term erosion
and die localized scour diat occurs near the

toe of the wall due to wave turbulence. Due

todieimpact of waves, theverticid face of
die wall causes a localized scour near the

foot of die wall. The effect of high turbu
lence caused as a wave breaks, or is

reflected, is limited to within a few feet of

diewall. Although sometimes temporary,

the added scour is a common contributor to



storm damage to diestructure.
The materials anddepdi of embedment

ofany wall have a fixed limit ofexposure to
waves and scour. Beyond diat limit, diewall
will collapse due toone of several stresses.
Tcmporaiy stress often pushes die structure
beyond its threshold for failure. Anotiier
common problem isnot extending the filter
fabric deep enough ondie landward side of
die wall. If erosion on die waterward side

drops below thefabric backfill, losses can
lead to major wave damage or a total
collapse. Formore infonnation onhow
vertical walls function, sec Sea Grant's A

Homeowner's Guide to Estuarine Bulk-

heads,\JNC-SG-%[-\\.

Materials in use for vertical walls

include preservative-treated lumber,
reinforced precast concrete panels, and
interlocking sheetpiles insteel, aluminum,
vinyl or plastic. Each material hasitsown
advantages anddisadvantages. Preservative-

treated lumber iscost-effective and widely
available, but improper lumber specifica
tions have led toearly failures when marine
borers, such as shipwonns or gribbles, attack
exposedhcartwocxl, which is too dense for

diepreservatives to peneUute.

The most common type of wood
currendy used inconstructing shoreline
stabilization structures is Ueated with

chromated copperarsenate (CCA), as a

preservative. The American Wood Preserv

ersAssociation (AWPA) annually publishes
its Book ofStandards that lists die proper
specifications for marine consUuction. To

find the standards, visit die AWPA Web site:

www.awpa.com/publications.htm as wellas

die American Wood Preservers Institute

(AWPI) Web site: www.awpi.com.
Research has shown that tiiere arc

adverse environmental impacts associated
with leaching ofCCA chemicals. Therefore,
residential uses ofCCA pressure-treated
lumber will be phased out by Dec. 31,2002.
Itnot yet clear how diis phaseout will affect
CCA pressure-treated lumber used for
bulkheads and other marine uses. Alterna

tives arecunently being researched. Please
check with your local DCM representative,
contractor or local extension agent forthe

latest findings. Besure todiscuss thepros
andconsof using anyof these materials
widiyourcontractor.

Concrete seawalls aremost likely to

suffer from insufficient thickness or poor
quality concrete, inadequately protecting die
reinforcing steel from rusting. Assteel
oxidizes toform rust, itexpands, cracking
die concrete from die inside. This can result

insevere losses insteel strength and
eventual failure of the structure. Since at

least tiiree inches of concrete is recom

mended to protect diesteel from saltwater,

concrete ismore cost-effective for larger
walls and commercial installations.

Interlocking sheetpiles have been in
commercial use formany years insteel and
aluminum. Corrosion isone of their biggest
threats. Vinyl or plastic interlocking
sheetpiles recently have become more
available. Materials include PVC used in

plastic piping andfiberglass used in boat
construction. As is common with new

products, improper design andinstallation

have been a frequent problem. PVC ismore
flexible than most odier materials and can

require more bracing and ticbacks than
contractors anticipate. Initsraw form, PVC
issusceptible todamage from sunlight and
should include protective additives when
fonnulated forsheetpiles.
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Sloping Revetments
Revetments harden theupland area with

a sloping suiface designed tobreak waves
more gradually than vertical walls. Revet
ments are better wave barriers and cause less

temporary, local toe scour tiian vertical walls.
Upland protection isprovided by die heavy
mass, wave-breaking ability and soil-
retaining capacity. However, die installation
of revetments may be more difficult than for
vertical walls. Moreattention is required to

prevent backfill losses through diestructures.
Also, dieneed fora sloping surface requires
a wider footprint forrevetments, and thus
diey must extend farther waterward than
vertical walls (Figure 20). Anexception is
on high banks andbluffs where a reveunent
may beconstructed at the face of the bluff,
but a vertical wall would need to be 15 to 20

feet farther waterward to allow room for

debacles and deadmen. In diiscase,die

resulting waterward extent of bodi types of
stiuctures is about the same distance from the

bank.

Stone is the most common construction

material forrevetments (Figure 21).
Revetments ai'c constructed byplacing stone
ina triangular cross section (Figure 20). The
ability of diestructure to remain stable in the

waves isdetermined bydiesize of the stone,
diedensity ofdiestone, die number of layers
of stone anddieslope of dierevetment
surface. Larger andheavier stones and/or
flatter slopes are necessary for larger waves.

In coastal NorthCarolina, tiiree stone

materials incommon usearegranite,
concrete riprap andmarine limestone.

Quarried granite and concrete riprap from
demolished structures have similar density or
weight percubic foot and may behave about
die same in waves. Marine limestone,
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Figure 20, top: Preparation for asloping rock revetment in construction phase. Figure 21, bottom:
Maiine limestone used in sloping rock revetment.

identified by diemultitude of maiine fossils

on itssurface, isa lighter, softer stone
available from quarries close todieNorth
Carolina coast. Transportation distance is a

major consideration in thecostof stone
stmctures.

Foranysizeanddensity of stone, the
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flatter theslope ofdierevetment, diemore

stable thestone. Successful slopes are
commonly 2.0to 1.5 feet foreach foot in
vertical rise.

The most frequent design and
construction problem forrevetments is
undersized stone. Design guidelines

developed bydie U.S. Army Coips of
Engineers predict diat a revetment with two
layers of 120-pound stone on a2:1 slope
begins tobecome unstable when wave
heights exceed 2 feet. That isa relatively
lowwave height forwider estuaries and

boat channels. A revetment constructed widi

stones small enough tobepicked upby
hand is likely tobe unstable inall but die
most sheltered bodies of water and no-wake

zones. Heavy equipment isneeded for
proper construction of most stone revet
ments.

Anodier common problem, also found
widivertical walls, is inadequate attention to

foundation details andprovisions to tolerate
continued erosion waterward of the

structure. Properdesignfeatures may

include:

• Excavating diebase of dierevetment
below theexisting grade to tolerate future

erosion farther seaward;

• Using filter fabric or layers ofsmaller
stone under and landward of the armor stone

to reduce settling; and
• Designing toes tosettle inorder toprotect
die landward sections of die structure.

Revetments also may beconstructed
with solid surfaces ofpoured-in-place or
fabric-formed concrete. A variety of
interlocking precast concrete annor plates
also isavailable. These types of revetments
arenotas effective atbreaking waves asthe
more irregular stone surfaces. Thesolid
sloping structures are less effective at
retaining dielandward soil, requiring more
careindesign andconstruction. Thin-
layered concrete revetments are particularly
prone to loss of backfill and, like vertical
walls, tend torequire full replacement when
moderately damaged. Onthe odier hand,



Figure 22. Gabions, showing the wire box to hold the rocks, in asill-type configuation.

stone revetments widi moderate to severe

damage are relatively easy torepair by
adding more stone.

Gabions

Gabions are wire cages filled widi
smallerstones,which function much like

revetments (Figure 22). The cages retain die
stone, allowing it tofunction asa much
heavier unit in larger waves. Gabions are
available indifferent shapes and may be
stacked toform vertical walls orsloping
revetments. Even when placed as a vertical

wall, die porous units behave like a
revetment by reducing localized scour at the

base of die stmcture. Conosion of die wire

baskets isa common problem insalt water,
even when galvanized and/or plastic coated.
The wire containers are relatively expensive
but may becost-effective where small stone
is readily available and larger stone is
expensive. Labor cost may become a factor
ifdie baskets arc filled by hand orheavy
equipment.

SAND TRAPS

Sand traps areused on beaches to

collect sand diat isregularly being trans-
portcd along dieshoreline by breaking
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waves. The most common sand traps used in
North Carolina aregroins and breakwaters.
Ifdiey effectively trap sand, they also must
affect die movement ofsand ondie adjacent
shorelines.

Groins

Groins are typically constnicted
perpendicular todie shoreline (Figure 23).
When used to protect navigation channels,
diese stmctures arcusually longer and called
jetties. Along shorelines, diedirection of
sand movement depends on wind direction
anddieangle of waveapproach. On
shorelines where sand moves predominantly
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The Soundfront Series

Figure 23, top: Agroin field, showing aseries ofsmall, wooden groins on asoundside shoreline.
Note the crescent sediment design. Figure 24, bottom: An offshore rock breakwater, which has a
mature sand connection or tombolo to the shoreline. Groin field in the background.

inonedirection overdieyear, groins trap
sand ononeside, acting as a dam. Thus, die
shoreline alignment relative to thewave
direction isaltered, allowing less sand to lie
moved. If successful, die direct tradeoff is

diat the trapped sand isprevented from
reaching theadjacent beach. Theup-current
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beach benefits from less erosion, at die

expense of increased erosion ondie down-
current segment.

Constructed from wood or stone,

groins protect die upland areas by creating
or preserving a wide beach tobreak die
stonnwaves. The best designs arerelatively

low, only slightly higher than theeievation
of the beach. To beeffective, a groin should
extend across die active surf zone, where

most of thesand is moving, andalso extend
well landward toprevent die landward end
frombeingflanked by waves. Multiple

groins arecombined to form groin fields,

spaced along die shoreline such thai the
downdrift groin traps enough sand tooffset
diesand deficit created bythe next groin
updrift. The more sand tiiese groin fields
trap incombination, die larger die sand
deficit created downdrift of the last groin.

The tradeoff of keeping sand from
reaching die adjacent shoreline can be
turned into a benefit where excess s;md is a

problem. For instance, where sand islost
into a creek or excavated channel,

additional sand may beundesirable for
water quality or navigation impacts.

Offshore Breakwaters
Offshore breakwaters are constructed

parallel to beaches to protect part ofdie
beach from all but die most extreme storm

waves. Breakwaters create a highly

efficient trap for sand moving in eitiier
direction along diebeach. Most designs
plan for die accumulation ofsand from the
original shoreline waterward todie center
of die landward side of die breakwater.

forming a shoreline feature called a
tombolo (Figures 24,25). Both die large
structure anddiewider beach provide
protection of theupland.

Asegmented breakwater isfonied by
a series ofbreakwaters separated by
unprotected gaps. The adjacent structures
can bedesigned tostabilize enough sand in
thegaps to maintain a beach wide enough
to protect die upland from stonn waves. A



Figure 25. Over time, marsh plants will grow on the sand tombolo behind the breakwater structure.

scalloped shoreline isformed. Theeventual
shape of the stable beach isdetennined by
a complex interaction of die lengtii of the
segments, diesize of diegaps between
breakwaters, the distance offshore, the

wave climate and available sand supply.

Much like sills and revetments,

offshore breakwaters are usually con-

stnicted widi sloping stone. Positioned in
deeper water, they are subject tolarger
waves. As with sills and stone revetments,

selecting the proper stone size, slope and
cross section can be critical to a breakwater

functioning properly. Thedesign of

offshore breakwaters is best left to

professional designei'S who could consider
navigation issues, etc.

Offshore breakwaters can maintain a

sand beach indefinitely without regular
additions of sand dirough beach fills.

However, typical breakwaters do not
provide asmuch upland protection during
extreme stonnsas do well-designed walls
or revetments ondieoriginal shoreline.

Evenwhen breakwaters aresegmented
widi wide gaps, diey areusually more
expensive than odier options because a
larger volume of stone isrequired than for
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a revetment on dieshoreline. Also, building

diestmcture indiewater is more expensive

than building on land.
Usually constiucted inopen water

using stone, breakwaters pose environmen
tal tradeoffs, including die loss of aquatic
bottom under the sUucture. But die

placement also results ina large increase in
thehard substrate forattachment of species
like barnacles and oysters and creates a
foraging area forfish. Aquatic bottom will
be lost as sand isgradually trapped along die
protected beach and immediately if
combined widi a beach fill.

Page27
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Chapter 6: Regulations and Permits

S,hate and federal permits must be
obtained prior tostarting constructing of
erosion-control structures (Figure 26, facing
page). The local government may also require
aseparate building permit. In coastal North
Carolina, a single application through the
N.C. Division ofCoastal Management (DCM)
is required for all state and federal permits.
DCM has made a substantial effort to

streamline the processing time and complex
ity ofpermit applications for routinely
permitted erosion-control structures. The
application and review process is designed
for property owners or contractors who
request the most common permits. Apermit
consultant orprofessional designer is not
required for most applications but may be
sought to ensure proper design and construc
tion of certain stabilization measures.

Exemptions andgeneral permits are
available for many of diefrequently
permitted erosion-control options. Proposed

designs meeting dieconditions outlined in
dieexemptions andgeneral pcnnits often

canbe issued ina few days. These pcnnits
aresometimes handled dirough thelocal
government staff. DCM staff is available to
describe die type ofpermit and processing
required, andwhere necessary make a pre-
application visit toyoursite. Morecomplex
projects oi' some infrequently requested
stmctures may require several months for
review bystate and federal agencies.
Planning isnecessary toobtain permits ifa
common exemption or general permit isnot
available for the erosion-control stmcture

desired.

Most permit reviews evaluate only die
environmental impacts of die proposed work.
They do not necessarily evaluate the effective
ness of theproposed erosion-control plan or
dieengineering design. A pennit does not
mean dieerosion-control solution isguaran
teed orevenexpected to work as intended. It

isdieproperty owner's responsibility to
ensure dieoption is properly designed to
function as expected. Given diecostof some
stabilization options, hiring a professional
designer maybe worth dieadded cost.

Forcunent information onpermit
requirements forshoreline erosion-control
measures, contact DCM at 919/733-2293

or 888/4RCOAST. Online go to
www.nccoastalmanagement.net and follow

dielinks to diemles andpcnnits section.
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Chapter 7: Resources

L.andowners and resource managers
may want to review additional resources
More making —and implementing —
decisions regarding estuarine shoreline erosion
control.

Tocontact the N.C. Division of Coastal

Management, call 919/733-2293 or 888/
4RCOAST. The division'sWeb site includes

information on permits and regulations, as well
as contacts for regional offices. Online, go to
www.nccoaslalmanagement.net and follow
the various links.

TheNorth Carolina Sea Grant site on

the Web is www.ncsu.edu/seagrant. 7b order
Sea Grant publications, call 919/515-9101 or
follow the publications links online. Sea Grant
coastal construction and erosion specialist
Spencer Rogers is in the Wilmington office,
910/962-2491, rogerssp@uncwil.edu.

To contact theN.C. Coastal Federation,

call800/232-6210 or visit the Web:

www.nccoast.org Senior scientist Tracy E.
Skrabal is in the Wilmington office, 910/790-
3275, tracys@nccoast.org

References Include:

• American WoodPreserversAssociation,

Book ofStandards found on diisWeb site:

www,awpa.com/piihlicatioiis.htm

• CAMA Guide toDevelopment in North
Carolina, visit

www.nccoastalmanagement.net and follow
dielinks to rules andregulations.

• Erosion Control: Non-structural

Alternatives -A Shorefront Property
Owner's Guide. 2000. North Carolina

Coastal Federation. NCCF, 3609 Hwy. 24

(Ocean) Newport, NC28570.

• Erosion Control: Non-structural

Alternatives: A Shorefront Property

Owner's Guide. 2001. Skrabal, Tracy E.

Doc. No. 40-08/93/09/01. Delaware

Department of Natural Resources and
Environmental Control.

• A Homeowner's Guide to Estuarine

Bulkheads. Rogers, Spencer ML, North
Carolina Sea Grant, UNC-SG-81-11.

• Questions andAnswers on: Purchasing

Coastal Real Estate in North Carolina.

2001. Clark, Walter and Rogers, Spencer
M., North Carolina Sea Grant, UNC-SG-

96-10.
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• Salt Marsh Restoration: Coastal Habitat

Enhancement. 1998. Copeland, B.J., North
Carolina Sea Grant, UNC-SG-98-08.

• Shoreline Erosion Control Using Marsh
Vegetation andLow-Cost Structures. 1992.
Broome, Stephen W., Rogers, Spencer M.
and Seneca. Ernest D., North Carolina Sea

Grant, UNC-SG-92-12.

• Shoreline Management in Chesapeake
Bay. 1999. Hardaway, C. Scott andByrne,
Robert J. Virginia SeaGrant, VSG-9911.
Virginia Institute ofMarine Science, RO.
Box 1346, Gloucester Point, VA23062.

• Shoreline Management in Chesapeake
Bay. 1999. Hardaway. C.S. andByrne, R.J..
Special Report inApplied Journal ofMarine
Science and Ocean Engineering Number
356;VSG-99-11. Virginia Institute of
Maiine Science, P.O. Box 1346, Gloucester

Point,VA 23062.

• Shoreline Protection Manual. 2001.

Pope, Joan. Ed. U.S. Army Coipsof
Engineers, USACE Publication Depot,
ATTN: CEIM-IM-PD. 2803 52nd Ave.,

Hyattsville, MD 20781-1102.
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