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FOREWORD

The studyrdescribed in this report is the first truly comprehensive
examination of the problems of shore erosion in South Carolina. While
there have been many excellent efforts carried out on various individual
problems, this project has brought together the many geological, engineering,
economic,and legal issues into one analysis.
The basic purpose of the report is to provide a basis for discussion
of issues and options related to shore erosion. Several recommendations
are made regarding state and local policy, research, and technical assistance.
The project was accomplished by a team of specialists from each of
the Consortium's seven member institutions. The project was structured,
assembled, and coordinated by the Consortium as one of several projects

underway which are examining coastal and marine issues in the state.

John M. Armstrong
Director
South Carolina Sea Grant Consortium
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EXECUTIVE SUMMARY

The damage associated with shoreline erosion has increased signifi-
cantly in recent years. Although these erosional trends have been
long-term, related property loss has accelerated largely due to increased
activity along the coast. In response to this proBlem, federal,'state,
and local entities are reevaluating existing policy and formulating new
approaches to more effectively manage coastal resources. It is for this
reason that the present study was undertaken with attention given to shore-
line management options applicable to conditions in the State of South
Carolina.

In order to effectively manage coastal feSources, it is apprdpriate
first to examine the processes influencing beach systems. Studies of tﬁe
South Carolina coast indicate that the shoreline is transitional between
vthe wave-dominated North Carclina coast and the tidal-dominated Georgia
coast. The arcuate strand along the northern coast is charactérized by
infrequent inlet formatioms. Although relatively stable from a long-term

perspective, beaches of the arcuate strand are subject to short-term ero-

. sional trends as a result of storm and wave influence.

The. central portion of the South Carolina coast is dominated by the
Santee River Delta. This section of the coast is characterized by rapidly
retreating shorelines'due to fhe loss of sediment supply since the damming
of the Santee River in 1942 and the rediversion of part of its flow into
the Cooper River. From Bull Bay to the Georgia border, the coast is
comprised of barrier islands separated by frequentltidal inlets and larger
estuarine systems. The majority of these islands are comparatively stable
beach ridge barriers, but several of the islands may be classified as ero-

sional or transgressive.
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Long-shore transport is predominantly to the south along the South
Carolina coast, yet local direction reversals may occur on the downdrift
side of inlets. Inlet formation is an integral determinant of sediment
deposit; short-term shifts in inlet location due primarily to storm-
effects may contribute to localized erosion at adiacent beaches. On
balance, the historical trend of sea level rise continues to influence
long-term erosion rates; yet, tidal, wave, and littoral influences may
combine to reverse this trend in some locations,

Recently, a better public understanding of coastal dynamics and
the observation of large-scale property ioés have kindled a design with
nature approach to coastal development. As.avlong-term approach to

alleviate the potential for property loss and for interference with the

natural system, the concept has considerable merit. Yet, where develop-

ment has occurred previously and extensive property loss is imminent,
short-term solutions to save prdperty and/or beach‘areas bear considera-
tionf In addition, future plans will continue to be subject to error
given £he uncertainty related to the éoa§tal system.

From an engineering perspective, the most often considered alterna-
tives forllarge-scale erosion control include:

seawalls,
bulkheads,

revetments,

. groins,

jetties and inlet control, and

beach nourishment.
Seawalls, bulkheads, and revetments are structural solutions intended to
prevent further erosion and/or maintain property. Seawalls are the most

substantial of the three types of structures being designed to withstand



wave attack. Bulkheads, generally consisting of wood pilings, and revetments,

generally of stone rubble, are designed to maintain property lines. Al-
though effective in some circumstances, each of these types of structure
may accelerate erosion on the front beach and adjacent properties.

Groins and jetties are often employed to captﬁre littoral sediment
flow, causing accretion on the updrift side of the structure. The result
is typically a loss of sediment to the downdrift side where erosion
is accelerated. Inlet control also.is designed to influence sediment
transport by altering the volume and speed of discharge.

Beach nourishmenf is increasingly héiﬁg gmployed as a non-structural
solution to shoreline erosion. By transporfing.sand from an offsﬁore'il
borrow site, the technique is an imitation of nature. Often nourishment
is comBinedeith structural solutions such.as groins or offshore break-
waters. Although effeétive,'nourishment is generally expensive and
requires periodic replenishment.

| _In addition to engineering solutions, management techniqués are being

used increaéingly to direct development away from‘potential hazard areas.

- Although it is said that coastal sediment budgets are in continous equili-

brium, deVelopment patterns are often out of equilibrium, -Much of this
situatioﬁ relates-to-the_iapid developmenf that has occurred in recent |
years. Postwar develdpment hés been stimulated byfa number of private
incentives, including: 1) growth in personal income, 2) a shift in the
geographic distribution of the population, 3) improved accessibility, and
4) learned behavior patterns among users. In addition, favorable clima-

tic conditions and a series of government programs have contributed to

accelerated building patterns.
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The development of coastal areas has led to collective as well as
individual benefit. Accessibility has been increased, and togrism, loca-
ted predominantly along the coast, represents South Carolina's second
most important industry. As a result, the value of the beach in terms of
use and option accounts for significant benefit to both residents and non-
residents. At the same time, the costs associated with coastal building
patterns have increased. Perhaps the primary cost peculiar to coastal
development stems from external effects. Because of the fragile, inter-
related nature of the coastal system, external costs may become
significant as the system's carrying capacity becomes strained. The re-
maining cost differentials for coastal development are largely
informational or due to risk associated with coastal hazards, including
beach erosion. While social costs have not been fully considered, public
subsidization, in effect, has lowered the building cost in beach areas.

At the same time, a lack of adequate information and the collective sha-
ring of risk also have contributed lower perceived costs and often as a
result to overutilization of the resource.

It is argued that resource use is optimal when public subsidization is
equal to the anticipated social benefit accruing from the program. External
effects should be minimized by forcing the responsible party to bear full
costs where appropriate. In many cases, however, the interrelated and fra-
gile nature of the coastal ecosystem require collective control to )
minimize Community-wide damage. It is the responsibility of the state as
well as local communities to develop an appropriate framework allowing for
collective resource use and to provide information permitting rational

decisions to be made. It is not the responsibility of the public sector,
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however, to assume the private risk of development. Within this framework,
private property owners and communities should be allowed to pursue indi-
vidual and community interests to the maximum extent possible consistent
with state policy.

Current state programs with regard to erosioﬁ control stem largely
from the Coastal Zone Management Act (1972) and Amendments (1976). Consi-
dered within the report are existing and proposed institutional frameworks
at the federal, state, and local levels. Particular attention is given to
the appropriate role of each jurisdiction and to funding responsibility in
this regard. |

From a legal perspective, the constitﬁtionality of the setbéck con-
cept has been upheld in South Carolina although coastal setback lines have
not beén addressed specifically. It is foﬁnd, further, that a regulatory
program promulgated eifher by the State Coastal Council or on a county-by-
county level could successfully address the issue of land-use controls with
minimal legal difficulties. In terms of beach accretion, a difference of
opinioh exists, but the existing deCiSiohs_conform to the position that
accreted land belongs to the littoral beach owner. With respect to en-
gineering solutions to control coastal erosion, it appears‘that counties
under existing law can finance erosion control projects assuming the de-
termination of benefit can belestablished in a reasonable fashion.

With this background, case studies were conducted at four sites

along the South Carolina coast to determine the feasibility of alternate

erosion control projects at these sites.
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The site studies include:

. Hunting Island,
. Hilton Head,
. Pawleys Island, and

. Myrtle Beach.
Each case considers beach morphology, engineering alternatives, and project
evaluation for the site in question, It is found, based upon the existing
data, that beach nourishment appears to be more feasible at Myrtle Beach
and Hunting Island than at the other sites, while smalier scale projects
considered at Pawleys Island also may be feasible. At each of the sites, and .
particularly at Myrtle Beach and Hilton Héad where the most rapid development
is occuring, management approaches to encouragé and/or require development
to ‘factor erosional prospects in building patterns are seen as important
in reduéing both long-term property aﬁd recreational loss, Where engineering
options are considered as short-term remedies, more detailed information on
project costs and site specific erosion effects should be incorporated
before extensive public monies are committed. None£he1ess, the findings

serve as a point of departure and as methbdological framework for similar -

"studies at these or other sites.

In cdnclusion, the study strongly recommends that the state clearly
define 16ng-run policy and‘develop appropriate guidelines with respect to
coastal erosion. From a long-term perspective, it is concluded that the
primary functions of the state should be:

1) to provide information to individuals and the localities
allowing more informed decisions to be made with respect
to coastal development,

2) to provide guidelines to reduce the potential for and conse-
quences of private actions having detrimental effects on
adjacent beach properties, and :

3) to provide for protection and maintenance of the public
beach.



ix

In order to provide for information exchange, a data collection
program must be maintained monitoring coastal processes and their expected
effect upon beach formations. The information accumulated should be
disseminated through technical assistance programs for local authorities
and public forums directed at present and potential beach dwellers as well
as concerned citizens.

Because of the volatile nature of the beach system, the_building
patterns of indidviduals may have community-wide impacts_detrimeﬁtally
affecting both adjacent pfoperty owners éﬁd‘the pﬁblic beach. To reduce
the potential for such occurances, it iéistrongly recommended that ‘the
state as well as local entities enact coastai setback lines applicable to
new oceanfront development., Although standard distances from mean high
water and the primary dune may serve a§ bases, it is‘suggested that scientific

data be incorporated to the extent practicable and that these setbacks

- be reviewed periodically to incorporate new data at specific dates in the

future.” In addition, a statewide building code should be instituted for
Acoastal development, the primary ratioﬁale for such a code being that
high occupancy rates by nonowners and the resale of ﬁtructures greatly
alter the issue of risk bearing by privafe-property owners,

In the short-term, and pérticularly for development occuring under
previous institutional arrangements, structural solutioné may be required
to prevent extensive property loss, Erosion control projects should meet
guidelines previously documented (SCCMP IV-4c) and under review. Additionally,
a justificatioﬁ indicating that the solution is in the public interest, the
most feasible alternative, and‘identifying any detrimental effects to
adjacent properties and the public beach should be included. Attention should

be given, in some cases, to property acquisition and relocation where the



solutibn is deemed more appropriate.

Because localities are more accessible and representative of community
interests, the development of local erosion control plans should be
encouraged. Technical assistance for developing such plans should be
provided through the state's coastal zone management program. Principle
components of these plans should include: R

. an identification of legal authorities and
management responsibilities,

. a local setback provision consistent and meeting as a minimum
standards established by the state, and '

. a provision addressing funding for the local share of
erosion control structures should they be necessary.

Local setback and permitting authority is sﬁggested to provide for additional
local control as well as responsibility for development practices. |

Future.state funding for erosion’contfol projeéts should be contingent
.upon the development of responsible local initiative to address erosioﬁ
control problems within its jurisdiction. In terms of state fﬁnds of
efosién control projects, highest priority should be given to ﬁublic

beaches followed by private beach areas allowing public access. ~All

- such programs should be justified as being in the public interest.
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CHAPTER I

INTRODUCTION

Coastal erosion is not a new phenomenon, having occurred historic-
ally due to changes in coastal processes. These processes have both
created the present barrier island chain along the Atlantic and Gulf
coasts as well as significantly changed their formation over time. Al-
though short-term changes are often erratic, the dominant trend in
recent geologic times has been one of gradual long-term erosion.

Despite the long-term nature of this erosional trend, related pro-
perty loss has increased significantly in recent years due primarily to
the rapid development of beach areas that has occurred since the end of
World War II. This convergence of forces has led to a classic conflict
of man against nature, i.e., man's desire for stable land-use patterns
versus the dynamic nature of the coastal system.

In response to this conflict, the public as well as state and
federal officials have expressed concern from which considerable atten-
tion has been given to methods of more effectively managing coastal
resources. The issue of coastal erosion is addressed in the Coastal
Zone Management Act of 1972 and more specifically in the 1976 Amendment
to that act which states that:

The management program for each coastal state include
...a planning process for A) assessing the effect of
shoreline erosion (however caused), and B) studying
and evaluating ways to control, or lessen the impact
of, such erosion, and to restore areas adversely
affected by such erosion.

(Federal Register 923.25).



The program must include a method for assessing the effects of shoreline
erosion and of techniques for controlling this erosion. It must also
identify and describe "enforceable policies, legal authorities, and

funding techniques" to be used in erosion management. (Section 305

(c)(2).

It is for these reasons that the present study was undertaken with
emphasis given to the particular problems affecting the South Carolina
coast. In the report that follows, issues affecting coastal erosion
both from a physical and management perspective are addressed. Specific

issues examined include:

1) the coastal processes influencing beach formation
with particular emphasis given to the South Carolina
coast,

2} the state-of-the-art in terms of engineering solu-
tions for shoreline protection and the technical
and economic feasibility of applying these mea-
sures,

3) the pertinent public policies affecting coastal
development and erosion control at the federal,
state, and local level,

4} a consideration of appropriate public manage-
ment responsibility and options including
control and funding provisions, and

5) the legal considerations associated with
oceanfront properties and influencing alternate

management strategies.
Also introduced is a framework for assessing the public benefit of alter-
nate erosion control techniques. The framework is applied, in turn, to
four sites along the South Carolina coast reflecting different physical

and development characteristics. These sights include:



1) Myrtle Beach,

2) Pawleys Island,

3) Hunting Island, and
4) Hilton Head,

Finally, based upon the findings of this study, policy recommendations

are suggested to provide for effective long and short-term management

of the state's coastal resources.



CHAPTER II

COASTAL PROCESSES

Before designing erosion abatement strategies, it is appropriate
first to consider the factors and processes affecting coastal geomorpho-
logy. The following section is based largely on previous and ongoing
studies of beach erosion, barrier island morphology, and sediment
transport along South Carolina barrier islands and adjacent tidal inlets.
The majority of these discussions are based on work conducted by the
Coastal Research Division of the Department of Geology at the University
of South Carolina.

Geomorphic Zones of the South Carolina Coast

The South Caroclina coast is transitional between the wave-dominated
North Carolina and the mostly tide-dominated Georgia coast. Within South
Carolina borders, the coast can be divided into four morphologic zones.
The arcuate strand portion of South Carolina stretches from the border
of North Carolina to Winyah Bay (Fig. 1). Here, beaches are mainland
connected and salt marsh-tidal creek systems are absent or poorly develop-
ed. The shoreline is gently curving, convex seaward, and breached by
only one major inlet (Little River Inlet) at the north end. The number
of inlets increases to the south toward Winyah Bay with salt marsh-tidal
drainage associated with inlet systems encompassing greater acreage.
Beaches along the arcuate strand may be backed by a well-developed dune
system up to 3 meters in relief, but, at many locations, the dunes have
been leveled for real estate development.

The shoreline of the arcuate strand fringes the seaward side of

Pleistocene beach deposits known as the Myrtle Beach Formation. The pre-
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sent day shoreline is parallel and subparallel to Pleistocene beach
ridges, the erosion of which may be a local source of sand for modern
beaches.

The cuspate delta section of South Carolina extends approximately
30 km from Winyah Bay to Bull Bay. The Santee River Delta complex is
the largest on the east coast and consists of three morphologic compo-
nents, The first, Cape Romain, is termed a cuspate foreland. The
Cape is thought to have formed from deltaic deposits reworked by waves.
The second component is a beach-barrier system known as Raccoon Key
while the third component consists of distributary mouth bar sand and
mud flats associated with the mouth of the present Santee River. Prior
to damming of the Santee River and diversion of part of its flow into
the Cooper River in 1942, the delta complex was in a stable or construc-
tional stage (Aburawi, 1972). Since that time, the cuspate delta area
has been in a destructive period due to the loss of sediment from the
river bed. Numerous truncated beach ridges, washover terraces and the
rapidly retreating shorelines of Cape Romain and Raccoon Key are indi-
cative of this trend.

The South Carolina coast between Bull Bay and the Georgia border
(160 km) is comprised of barrier islands separated by tidal inlets and
larger estuarine systems such as St. Helena Sound and Port Royal Sound.
Barrier islands can be subdivided into two distinct types. Beach
ridge barriers are formed from sets of parallel beach ridges that have
prograded seaward over time. The majority of barriers along the coast
are the beach'ridge type, but several of the islands can be classified
as erosional or transgressive (Fig. 1). These islands characteristi-

cally have low relief and are composed of a thin veneer of sand activity



retreating landward over salt-marsh deposits that are extensively develop-
ed behind most South Carolina barrier islands. The beaches are backed

by extensive washover terraces with limited or no dune development.
Examples of transgressive barriers on the South Carolina coast include
Morris Island, Edingsville Beach,and Bay Point Island. Beach ridge type
barriers may be converted to transgressive barriers by continued long-
term erosion. Evidence for this type of evolution is foﬁnd in historical
nautical charts indicating beach ridges on Morris Island and Edingsville
Beach in the 18th century.

Coastal Processes

Coastal geomorphology and trends of erosion and transport and depo-
sition of sediments along the South Carolina shoreline are controlled by
several factors and dynamic processes. Among the most important factors
are tidal regime and wave regime (Hayes, 1979).1 In early work on coastal
morphology, Price (1955) discussed the importance of the type and amount
of hydrologic energy expended in the evaluation of any shoreline. The
predominent scientific opinion on this matter attributes such occurrences
as longshore sediment transport effects of inlets, sediment supply, storms,
and short-term sea-level changes to tidal fegime more often than wave
climate and other processes. Earlier findings along the South Carolina
coast reinforce this opinion (Hayes, 1979). Consideration of tidal
regime is particularly important to the study area as spring tidal range
varies from approximately 1.3 m at the North Carolina - South Carolina
border to 2.7 m at the South Carolina - Georgia border (Fig. 2).

Tidal Regime

Davies (1964) suggested a general shoreline classification scheme

based on tidal range. Microtidal coasts include areas where tides range
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from 0 to 2 meters, mesotidal coasts where tidal range is from 2 to 4 me-
ters and macrotidal coasts of tidal range greater than 4 meters. The
relative amounts of tidal energy to wave energy vary systematically

among the three coastal classes. In areas of moderate to high wave energy
and small tidal range (microtidal), the shoreline is dominated by waves
(Hayes, 1979). Macrotidal areas are dominated by tide-related processes.
Mesotidal areas show the effects of both waves and tides and may be
termed mixed energy coasts (Hayes, 1965).

The main reason for emphasis on tidal regime is the fact that the
wave climate is variable in many coastal areas; whereas at many locations
tidal energy is relatively constant, even considering neap-tide to
spring-tide variations. Price (1955) noted, however, that areas of small
tidal range may be considered tide-dominated if wave energy is low.

Along coastal plain shorelines of moderate wave energy (such as the
South Carolina shoreline), morphology varies systematically with tidal
range (Hayes, 1975). On microtidal coasts, barrier island development
and river deltas may be the most prominent geomorphic features. Typi-
cally, tidal deltas and inlets are poorly developed, and tidal flat and
salt marsh deposits are absent or of only local importance (Fig. 3).
Tidal deltas are best developed and inlets most frequent on mesotidal
coasts. Barrier islands along such coasts tend to be poorly developed
or absent in areas included in the upper portion of the mesotidal classi-
fication (3-4 m); whereas tidal flats and salt marshes are of increased
importance. In macrotidal areas (embayments), tidal flats and salt
marshes commohly extend over broad areas. Sand deposits are in the form
of offshore linear sand shoals or tidal current ridges.

The South Carolina coast displays characteristics of shorelines transi-

tional between microtidal and mesotidal and of a true mesotidal shoreline.
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The arcuate strand falls within the microtidal classification;

although it does not have the typical long, linear barriers of microtidal
areas, minimal development of tidal inlets, tidal flats and salt marshes
are present. The barrief island section of South Carolina, and, in

particular, the southern part of the coast is typically mesotidal, dis-

-playing the increased effects of tidal processes. South Carolina barriers

have a short, stunted appearance and are separated by numerous inlets
(Fig. 4). Shoal morphology associated with inlets within mesotidal area
and in transitional areas between microtidal and mesotidal is signifi-
cantly different. Mesotidal inlets (such as Fripp Inlet) are ebb-dominated
due to extensive salt marsh development (Nummedal et al., 1977; Zarillo,
1979) and have large ebb-tidal deltas. Microtidal and transitional
inlets (such as Little River Inlet and Murrells Inlet) where salt marshes
are poorly developed tend to be more flood dominated. Flood tidal deltas
and sand bodies therefore tend to be found behind and within the inlet
throat. Such morphologic variations affect the efficiency of sand by-
passing between barrier islands.

Wave Climate

Wave energy available in the nearshore zone varies systematically and
inversely with tidal range along the southeast coast (Fig. 2; Nummedal
et al., 1977). Mean annual wave heights decrease from a maximum of 1,2
meters along the wave-dominated North Carolina coast to a minimum of
0.1 meters in central Georgia.

Direction of deep water wave approach along with wind-velocity
varies seasonally (Fig. 5). During the summer months wave energy flux
is greatest from the southwest and south; whereas during fall and win-
ter, wave energy flux from the northeast and east becomes increasingly

important. Because of the orientation of South Carolina's shoreline,
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deep-water waves generated in northeasterly to southerly sectors are
most important.

Waves generated by storm winds are important to short-term beach
erosion trends. The most frequent storm waves approach from the north-
east and east, generated by passing extratropical storms. In a wave
refraction study (Fico, 1977), hypothetical storm waves approaching
from the east at a 10-second period wave orthogonals (wave energy) tend
to diverge along the arcuate strand and converge in certain areas south
of North Inlet such as the Price - Capers Dewees Inlet vicinity and
Cape Romain.2 RefractionAanalysis of hypothetical waves from the south
and southeast generated by tropical storms indicates increased concen-
tration of wave energy along the arcuate strand compared with
extratropical storm conditions.

Longshore Sediment Transport

An important process that affects the sediment budget of South
Carolina's beaches and barrier islands is the longshore transport of sand.
In South Carolina, longshore currentslthaf transport sand are generated
by waves striking the shoreline at an oblique angle, by prevailing winds,
or a combination of both. Longshore currents generated by waves vary in
speed and direction depending on wave height, wave period and wave angle.
Waves most effective in generating longshore currents are high angle,
steep, low period wind waves generated locally. Longshore currents in
combination with wave forces that erode and suspend sand from the beach
and shoreface may move large volumes of sand along the shoreline,

Rates of sediment transport have been estimated at several locations
in South Carolina. Finley (1976) and Nummedal and Humphries (1977) esti-
mated yearly longshore transport rates for Debidue and North Islands from

wave energy flux calculations based on seasonal wave process measurements.



15

The net transport rate of sand along Debidue was directed southward and
estimated to vary between 150,000 to 500,000 tons per year depending on
the frequency of northerly and northeasterly winds. Kana (1976) esti-
mated yearly longshore sand transport on Capers Island and the
south-facing beach of Bull Island from wave energy flux and measurements
of suspended sediment load and longshore current velocity. Estimated
transport rates ranged from 90,000 to 300,000 metric tons per year, all
directed to the south.

Knoth and Nummedal (1977) estimated longshore transport on the
east-facing beach of Bull Island from the dispersal of dyed tracer sand
in addition to estimates from wave energy flux. Here, net transport is
directed north and on the order of 90,000 to 230,000 metric tons of sand
per year. Net sand transport on North Island is also directed north,
probably due to local wave refraction patterns around the ebb-tidal
delta associated with adjacerit North Inlet.

Longshore sediment transport studies conducted in South Carolina
are localized and subject to significant error. Sediment transport rates
estimated thus far are similar among several locations, and, if this
rottern holds, transport in other sections of South Carolina will be on
the order of 105 metric tons per year, directed predominantly to the
south. Local direction reversals may occur on the downdrift sides of
inlets because of wave refraction around inlet-associated shoals. This
effect may be the cause of the downdrift offset of many of the mesotidal
barriers i; South Carolina (such as Kiawah Island and Fripp Island).

Tidal Inlet Processes

On the South Carolina coast, inlets and associated tidal deposits
are an integral part of barrier island systems. As previously described,

mesotidal shorelines are breached by numerous inlets that have large
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ebb-tidal deltas and in some cases well-developed flood tidal deposits.
Studies of barrier islands in several areas (Moslow and ngon, 1978;
Hayes, 1979) indicate that tidal-inlet shoals volumetrically may con-
tain 30 to 60 percent of the sediments deposited in nearby barrier
islands. In order to maintain the sand budget of downdrift beaches
some of this sediment must eventually bypass the inlet system. The
mechanism of sand bypassing varies with inlet type. At wave domi-
nated, microtidal inlets where ebb-tidal deltas are poorly developed
and do not extend far offshore, sand may easily bypass the inlet along
the outer shoals or outer bar of the inlet.

Sand bypassing at more tide-dominated transitional and mesotidal
inlets is more complex. Ebb-tidal deposits may extend for several
kilometers offshore, and updrift and downdrift shoals are separated
by a large ebb-dominated tidal channel. Here sand can only be by-
passed by a channel reorientation or abandonment process. Generally,
sand is collected or trapped on the updrift side of an inlet, forcing
the inlet channel to migrate laterally in the downdrift direction un-
til the configuration becomes unstable. A new channel may cut through
the updrift shoals and, in effect, transfer the shoals to the down-
drift side. The bypassed sediment then may migrate landward under
the influence of wave refracting around inlet shoals and be added to
the littoral system of the downdrift beach or barrier. This migration is
responsible in nart for the downdrift offset of barrier islands and is
the most common method of sand bypassing found along the barrier island
section of South Carclina. As a consequence, portions of barrier islands
adjacent to inlets are typically unstable, and large and rapid

change may occur depending on inlet morphology. The distal

-
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ends of barrier islands in South Carolina are thus subject to periodic
rapid deposition, ridge and runnel activity and to episodes of rapid
erosion dependiﬁg on shifts in tidal channel position.

Storm Effects

The effect of storms has been mentioned in the section on wave
climate but deserves separate mention because of accelerated rates of
erosion that occur during storm conditions. One of the main aspects of
storms along the coast is storm surge, which can be described as the rise
above normal water level. Storm surge results from a combination of
wind stress and reduced atmospheric pressure.

Storm surges can cause unusually high tides which when combined with
high waves produced from strong winds may cause extreme beach erosion in
a short period of time. Hurricanes are easily the most destructive
storms to strike the South Carolina coast, but their low rate of occur-
rence makes them less significant in long-term shoreline change than
more frequent extratropical storms approaching from the northeast.

Sea-Level Rise

A factor that must be considered in any study of beach erosion is
the effect of sea level change. A continuous rise in sea level will
result in a long-term erosional trend and landward barrier retreat.

From 3,000 to approximately 2,000 years B.P., sea level along the east
coast of North America rose at a rate of about one foot per century
(Kraft, 1971). At present, the long-term rate of sea level rise may be
on the order of a half foot per century, although rates have accelerated
along the east coast (Fig. 6) and may be contributing to recent trends
of beach erosion. Accelerated sea level rise is probably only a short-
term fluctuation, yet the destabilizing effect on shorelines may be sig-

nificant.



TIME (years)
1920 1930 1940 1950 1960 1970
,,1_20 1 1 L I 1
??‘5 CHARLESTON, S.C.
St
w10
5:
9oL
s |
Lo

FORT PULASKI, GA.

Figure 6, Sea level change between 1920 and 1970
compiled from tide records at Charleston, S. C,
and Fort Pulaski, Ga.

18



19

At some locations, the effect of sea-level rise may be more than
offset by abundant sediment supply. A notable example of this is the
northeast end of Kiawah Island, South Carolina where several sets of

new beach ridges have developed over the past fifty years.

Coastal Processes and Beach Erosion

The major factors and processes that are important in controlling
beach erosion trends have been discussed individually. The final re-
sult produced by combinations of these parameters are depositional-
erosional trends displayed by South Carolina beaches. In addition to
net erosion or accretion at any particular location, the effect of
coastal processes can be clearly seen in the overall morphology of the
beach. Beach morphology to a certain degree reflects recent history

of sedimentation. Overall, South Carolina beaches are wider and lower

compared with other beaches along the eastern United States. This is

a function of the large tidal range and finer grain size of beach

sands along the South Carolina coast. Within each morphologic shore-
line type, beaches vary significantly. Beach morphology along the
arcuate strand region is characterized by a relatively flat beach face
that may become concave during erosional cycles (Fig. 7). Erosional
beaches of the transgressive barrier and cuspate delta sections of
South Carolina generally have Steeper beach faces and are narrower than
other South Carolina beaches. These characteristics are, in part, a
function of coarser-grained sands that are available to the littoral

system in these areas. Profiles of beach-ridge barriers in a construc-
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tional cycle are wide and have a flat beach face across which distinct
sand ridges frequently migrate, giving the beach a ridge and runnel type
of morphology. A series of computer-plotted profiles at one location
from each of South Carolina's four beach types show the variation in
beach morphology over a two-year period between 1974 and 1976 (Fig. 8).
Short-term volumetric fluctuation in all four beach types are large and
maybe, in part, seasonal or storm related, but net changes may be small.
The most prominent morphologic changes and greatest loss of beach sand
and shoreline retreat took place on the cuspate delta and transgressive
barrier type beaches. These changes can be seen clearly from the shore-
ward retreating dune line and subdued dune relief.

In general, depositional trends are likely to occur at the downdrift
end of a barrier island which, in South Carolina, is usually the south
end. This trend may be occasionally reversed when large volumes of sand
are discussed under tidal inlet processes. At this time, the updrift end
of the adjacent downdrift barrier may undergo a strong depositional
episode as the bypassed sediment is transported onshore by wave action.
As a consequence of theinlet bypassing process, lateral migration of in-
lets, and wave refraction patterns that change with inlet shoal
morphology, beaches adjacent to most inlets are typically unstable and
subject to rapid short-term fluctuations.

Depositional-erosional trends during the recent past and present
along any particular section of South Carolina's coast depend on a combi-
nation of the various processes and factors discussed above. Along the
arcuate strand, wave climate, sediment source and the presence of only

a few inlets combine to result in a long-term relatively stable trend.
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Exceptions to this trend are in the vincinity of Little River Inlet and
Murrells Inlet.

South of the arcuate strand, where inlets are more closely spaced,
abrupt and large changes in shoreline position are superimposed on longer-
term trends. For instance, rapid and significant changes in the
morphology and close spacing of Price, Dewees and Capers Inlets have re-
sulted in abrupt shifts in shoreline position at certain locations on
Bull, Capers, and Dewees Islands and the north end of the Isle of Palms.
This influence encourages rapid erosional or accretional episodes adja-
cent to the inlets superimposing longer term erosional trends on Bull,
Capers, and Dewees Islands and stable or accretional trends on the Isle
of Palms.

Additional factors that may affect shoreline stability are man-made
structures and changes. Many man-made alterations such as construction
of groins, beach nourishment and seawalls may not have long-term, perma-
nent influence on coastal processes, but may slow erosion rates
sufficiently to be cost-effective. Larger scale projects can alter the
nature of shoreline processes permanently. Already mentioned are changes
along the Santee Delta section caused by trapping of coarse-grained sedi-
ments up-river. Not yet discussed are possible effects of jetty
construction to stabilize Charleston Harbor Entrance. Some evidence
exists which suggests that accelerated depositional trends on Sullivans
Island and ®erosional trends on Morris Island are related directly to
construction of the massive jetties and to changes in shoal morphology
after completion of the jetties (FitzGerald, et al., 1979).

When considering shore erosion management options in South Carolina,

all processes and factors discussed above must be considered. The shore-
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line of South Carolina is generally transitional between wave-dominated
and tide-dominated types found elsewhere along the East Coast of the
United States. Therefore, in addition to considering how other states
have approached erosion control, it is necessary to develop an erosion
nanagement program particularly suited to the shoreline characteristics
in South Carolina.

Discussed later in the report are four individual examples of bar-
riers and beaches typically found in South Carolina. Coastal processes
and factors such as sediment source combine in a different manner within
each area to give rise to a different set of shoreline erosion problems
in each case. In addition, the amount of residential and commercial
development varies among the examples adding another dimension to beach
erosion problems. Hilton Head Island is a resort area that, has recent-
ly undergone rapid development. Erosion rates here are not great,
but serious problems have arisen because the island's most erosional
areas coincide with the more highly developed sections of shoreline.
Hunting Island is presently part of the State Park system and has a
long history of erosion. Until the present, the beach has been main-
tained artificially by repeated nourishment projects. Pawleys Island
at the south end of the arcuate strand is largely residential; whereas
Myrtle Beach, at the heart of the arcuate strand, supports a large
tourist industry. Existing data concerning depositional-erosional his-
tory and cééstal processes affecting each of these areas are outlined

below in case studies pertaining to each of these areas.
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CHAPTER III

ENGINEERING SOLUTIONS

There are several approaches for treating or coping with shoreline
erosion., Increasingly, attention is being given to approaches allowing
nature to take its course and the relocation of endangered property, utili-
ties and facilities away from the eroded or threatened areas. Often,
this concept has been advocated by individuals who feel that the coast should
remain (or return) to an undeveloped state. Still more extreme is the notion
that we should do nothing and let the endangered property be destroyed
(Pilkey and Kaufman, 1980). Institutional measures have been developed and
implemented in some locations to accomplish the objectives of these two
approaches.

From a long-term perspective, the concept of design with nature, re-
quiring property owners to assume the risk associated with development
in coastal areas may offer promise. In the short-term, however, these
approaches offer little satisfaction for the developed, high-use areas
of South Carolina coast. For these areas a more explicit program of con-
trol is needed including a mix of structural and nonstructural solutions.
Prudent engineering in the coastal area for erosion control need not re-
sist the forces of the ocean but should instead work with these forces
to stabilize the coastline. Unfortunately, structures have not always
been so designed and, in such cases, have met with little success.

Several very successful projects which worked with ocean forces were

documented by O'Brien and Johnson (1980).

It is indeed intriguing to travel along the South Carolina coastline
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and notice that some coastal structures are successful in certain loca-
tions and not in others. In many instances, the-structures are very
much the same, so it is the environment in which they are located that
controls their degree of success. If these structures are designed to
work with the natural forces instead of in opposition to them, the
solutions will ﬁork; otherwise, they will only be another testament
for the do nothing alternative.

In this section, several engineering alternatives are presented for
addressing shoreline erosion. At the outset it is recognized that all
structural and nonstructural solutions for shoreline protection will be
expensive, albeit in some cases, economical, relative to the property
being protected. In the case of low cost alternatives, much research and
development has taken place in the past several years. Unfortunately,
little success has been achieved to date. Although available solutions
have not changed significantly through time, the application of the solu-
tions to specific situations and ocean environments has evolved to the
present state-of-the-art which, if prudently followed, can lead to suc-
cessful designs of shoreline protection.

The basic types of shoreline protection structures are discussed in
the following sections. Emphasis is given to a description of the generic
types rather than detailed characteristics of the variations of each type
that are possible. Only a brief indication of the structural details
and construction techniques are given. In addition to a description of
the structural alternatives, an analysis of beach nourishment is given.
This approach is now commonly used for shoreline protection and is one

that is ' in harmony with the natural processes. No discussion
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is presented in this report of vegetative devices or dune construction.
These topics are very important to shoreline control and should be used
as a part of most construction plans. Vegetative devices and dune con-

struction are covered in Sperling and Edge (1978).

A Consideration of Alternatives

From an engineering perspective, the most often considered engineer-
ing alternatives include:

1) beach nourishment,
2) seawalls,

3) bulkheads,

4) revetments,

5) groins, and

6) jetties and inlet control.
Each of these alternatives is discussed in turn.

Beach Nourishment

In the past, man has found that some of the best means of protection
against the sea have come from the imitation of nature's successful
methods. Beach nourishment is an imitation of nature. It permits more
of the natural processes to go unhampered. In the cases where nourish-
ment is used without other stabilizing devices, an unencumbered area is
provided for recreational uses. This solution is often considered
aesthetically better in addition to being safer for use by the public
than the use of structures. (Fisher et al., 1976)., Additionally, a wide
beach provides a large berm for the surging and breaking of waves and is
also a source of sand for the protective sand dunes and offshore bars.
The latter are very important in times of storm to act as a submerged
breakwater and help dissipate the wave energy before it reaches shore.

One of the most important considerations in nourishment is the deter-
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mination of a suitable borrow area. Some past locations used as borrow
sites have either proved ineffective or are now envirommentally unusable.
It is important to find a borrow area as close as possible to keep trans-
portation costs low. However, an even more important consideration is
the composite grain size characteristics of the borrow site in compari-
son to that of the natural beach characteristics. To make the
determination more difficult, it is possible to have the grain size dis-
tribution vary in four different dimensions along the natural beach, a)
along a beach profile intercepting various energy zones, b) parallel

to the beach within one energy zone, c} by depth within the active pro-
file's sediment envelope, and d} seasonal changes for the three
dimensional profile (Hobson, 1977). Therefore, finding a compatible
borrow site can be difficult. Studies have shown that if it is not pos-
sible to duplicate the characteristics of the natural beach it is better
to have a slightly coarser material if it can economically be found.

This will produce a slightly steeper beach and, most of the smaller
material will be lost. A finer material may be lost all together and the
renourishment project could be a failure. One example of this point is
the 1966 renourishment of Cape Hatteras (Dolan, 1972). Similar situations
occurred at Hilton Head and Hunting Island.

Once a potential borrow site is located, a series of calculations
must be made. Factors such as the necessary slope of the beach, berm
width anc Reight, and the placement locations must be resolved. From
these determinations, the required amount of fill is estimated and the

actual transfer of fill to the site can begin. Once in place, it may
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appear that a nourishment project has lost considerable amounts of sand
over a period of time, While in reality this occurrence is only a case of
relocation of the sand into an inner bar system. The sand is still part
of the protection devices that nature uses to help break the energy of
approaching waves.

Frequently, nourishment is used in conjunction with other projects.
Groin fields are sometimes filled to offset the detrimental effects down-
drift, while offshore breakwaters are occasionally used to stabilize the
fill behind the breakwater. However, in some cases the groins and break-
waters are built to protect the beach fill from being lost and thereby
prolong the time period between renourishment.

One advantage of nourishment is that it is a short-term technique.
If for some reason the project results are not beneficial the project can
be abandoned without problems of deteriorating structures. It is simply
a matter of not performing the follow-up renourishment schedule. If the
project ig to be retained, renourishment must be periodically performed

to offset the continual losses of sand. Nourishment is not a permanent

device; it is a continual process.

Seawalls

Seawalls are large massive structures built to provide a permanent
separation between the water and land. They are often' confused with bulk-
heads and revetments which are much lighter structures. Seawalls are
designed to protect against direct wave action and the associated scour
which frequently occurs with bulkheads and revetments. An important part

of most seawalls is a sheet pile cutoff wall to prevent the undermining of

the structure by wave scour, leaching from storm drainage, or wave overtapping
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Most also have some method of dissipating the wave energy. This could
be a curved face structure as found in the Galveston Seawall, a stepped
face as is found in the Gulfport seawall, or a combination of the two as
is found in the San Francisco seawall. The above are all concrete struc-
tures, however a seawall need not be of concrete. Many are made of
riprap like the Fernandina Beach, Florida structure. Occasionally rip-
rap is placed in front of a seawall for protection from scour at the
toe. It is not likely that seawalls will be a primary solution on South
Carolina beaches except at the most energetic and developed areas.
Bulkheads

The primary purpose of bulkheads is to retain the fill behind them.
Second, they provide some protection from wave action., Bulkheads
are not generally located in a large wave environment. The traditional
bulkhead is a vertical or near vertical structure, usually of a sheet
pile design with proper penetration to prevent undermining of the founda-
tion by scour. Riprap is often placed at the base to prevent scour.
These are very common structures in South Carolina. Most have been ade-

quately constructed and provide reasonable service; others have not been

as successful.

Revetments

Revetments armor either the bluff or the dune slope. It is, there-
fore, a sloped structure of either a rigid cast-in-place concrete desion
or, more frequently, of a flexible armor (typically rubble) unit type.
In planning a revetment, care must be taken to provide for the relief of
the wave generated hydrostatic uplift pressure. This is commonly done
by providing a filter layer of either cloth or crushed stone to allow

the pressure to dissipate with a loss of material behind the structure.
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Several types of intlerlocking blocks have been developed for use as re-
vetments (Mohl et al., 1967). A second type of precast block which does
not interlock is simply laid on top of a filter layer. Gobi blocks and
nonlocking concrete blocks are examples (McCartney et al., 1977). An
advantage of this type revetment structure is the ease of installation.
Blocks are not the only type of man-made structures used in forming re-
vetments--concrete dolos or stapod units may be chosen. Synthetic bags
filled with either sand or concrete and placed along the slope can be
used. A mat type form is also available to form the revetment (Intrusion-
Prepakt, 1975). Not all revetments are of man-made materials. Rubble
revetments work very well where materials are readily available as well.
Revetments, like seawalls and bulkheads, are designed only to protect
areas behind them anything forward will not be protected by the struc-
ture. In fact, unless they are used in combination with other protection
devices, they may well lead to the destruction of the area to the front
and the sides of the structure. This accelerates the erosion in the area
and will eventually lead to the failure of the structure unless adequate
protection is given to the structure. The sheet pile prevents a rapid
seaward flow of the groundwater drainage but encourages erosion of the
areas to the front of the wall. The area to the sides of these struc-
tures may be eroded due to the reflection and concentration of wave energy.
It is for this reason that these structures are not usually satisfactory
in protecting small areas of shorefront.
Groins

Groins are very common along the South Carolina Coastline. They have
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been quite successful in some applications while some installations have
not only been unsuccessful but have contributed to additional erosion.
The groin is a long, low, narrow structure, usually starting at a point
landward of the predicted shoreline and running perpendicular to the
coast into the water. Groins are classified by their design type and
may be high or low, long or short, permeable or impermeable, as well as
fixed or adjustable. Groins must always be built as a system covering
the desired area. A single groin should never be used except as a termi-
nal structure to retain sand at the end of a project or to keep it out
of an inlet.

The function of a groin field is to trap the moving sand in the 1lit-
toral zone. This sand is deposited on the beach in the vicinity of the
updrift side of the groin. Unfortunately, if a single groin is used the
downdrift side is deprived of the moving sand; therefore, the groin may
actually cause erosion immediately downdrift. In South Carolina, the
groin normally extends out into the water to approximately the six foot
contour on the South Atlantic coast. To extend the groin farther out is
uneconomical as most of the littoral drift movement is within the zone
landward of the normal breaker line. If the groin is too long and com-
pletely blocks the littoral drift, the downdrift area will be severely
eroded. A second possibility is that the drift will be pushed offshore
and lost to the area entirely.

A number of methods have been developed to control the downdrift ero-
sion. The low‘groin, for example, permits the overtopping of the groin in
periods of storm wave attack or high tide. The littoral drift is there-

fore not completely blocked. A permeable groin obtains the same action
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by allowing the drift to actually move through openings in the groin.
Care should be taken to keep these groins permeable as marine growth will
sometimes block the flow. Permeable groins do have the advantage that
the sand will usually build up on both sides of the groin. Shore groins
work by not completely stopping the flow; however, they should be long
enough to stop some of the drift. Often groins are used in conjunction
with beach nourishment to slow the rate of erosion from the beach face.
It must be emphasized that groins will not work unless there is a sizable
gross drift.

Jetties and Inlet Control

A jetty is a device which extends from the shore out into the water
much like a groin, yet its function is quite different. The jetty
is used to control inlet areas, to help prevent shoaling, or to direct
and confine an inlet or river. It may also act like a breakwater by pro-
tecting a channel entrance against wave action and cross currents. While
not always necessary, jetties are usually built in pairs, one on each side
of the channel. They are fairly long structures, generally longer than
the groins they resemble. The jetties at Murrell's Inlet, for example, are-
several thousand feet long. They also are quite massive; the Humblodt
Jetties in California have 43 ton dolosse units as a part of their struc-
ture (Magoon et al., 1976). The actual design of a jetty structure is
quite complex and, due to the siting problems, professional help should
be obtained.

While jetties protect inlet areas, they do present problems. Because
of their length, they extend well out into the littoral drift zone, in

some cases blocking it entirely. However, techniques have been developed



to prevent the windrift erosion. Special impoundment areas are developed
into the jetty design with methods to transfer the sand to the downdrift
side. This feature may be an elaborate sand pumping system with float-
ing dredges or fixed pump systems (U. S. Army COE, 1973).

As far as coastal erosion is concerned, jetties can be important
factors in controlling that erosion caused by dynamic, shifting inlets.
Of course even in this regard they provide navigational benefits.
Breakwaters

A breakwater is by definition "a structure protecting a shore area,
harbor, anchorage, or basin from waves.'" (U.S. Army COE, 1977). The
above definition is purely navigational, not indicating any erosion con-
trol aid. However, as the structure does exist in the littoral drift
area, it sets up erosion and accretion patterns.

Within the past decade considerable emphasis has been placed on the
concept of the crenulate bay and headland defense. Silvester (1974) ad-
vocates the use of the artificial headland, or breakwater, to imitate
natural defense mechanisms. The concept is not new, an offshore break-
water system was completed in Venice, California, in 1904. In spite of
the use of the artificial headland for such a considerable period, de-
sign criteria is quite lacking (Magoon and Edge, 1978).

Actually the offshore breakwater is used in two distinct ways to con- .
trol erosion. One is the artificial headland concept mentioned above and
the other is as a sand trap. The breakwater works as an erosion control
device because of its wave calming action. Some of the wave energy is
reflected back out to sea by the breakwater, some may be transmitted, but
at considerably lower energy levels, and some waves are diffracted around

the ends of the breakwater. When the wave shadow of the breakwater enters



into the littoral drift zone, the ability to transport sediment is lowered
in that area and the sediment is dropped. The shore tends to build to-
ward the breakwater. However, it represents a blockage to the littoral
drift and illustrates the erosion deposition features associated with
groins. By the placement of such a breakwater just updrift of an inlet,
an effective sand trap can be developed to help stop inlet shoaling and
provide a convenient location for pumping sand around the inlet. The
breakwater at Channel Islands Harbor, California, is an excellent exam-
ple of this use of breakwaters.

Offshore-shore connected is only one descriptive category of break-
Waters, there are several other categories. Not all breakwaters are built
to exist above the water level; some are submerged, even at low tide. The
submerged breakwater accentuates the wave enersy and has the added advan-
tage of not interfering with the aesthetic qualities of the view. The
submerged breakwater does present somewhat of a navigation problem in
that it must be well marked. They are, however, less expensive to build.
Wave accentuation to provide a better bathing beach area was the goal of
one scheme at Bat-Yam, Israel. The submerged breakwater proved to be the
best overall design (Tauman, 1976). Most breakwaters are fixed in loca-
tion; however, a few are mobile. Silvester (1974) discusses the ability
to use mobile breakwaters to build up large sections of a shoreline by
the progressive movement of the breakwaters offshore (Silvester, 1974).

Selection of Alternatives

The actual selection of a shore protection device is dependent on the
dynamics of the area; what might work very well in one area could be di-

sastrous under different environmental conditions. Hubbard et al. (1977)
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have divided the 255 km South Carolina coastline into three zones; arcu-
ate strand, cuspate delta, and barrier island. Each zone has its own
uniqué dynamics and, therefore,different erosion control techniques would
apply to each.

Many devices are used in combination rather than alone, for example,
offshore breakwaters and groins are often used with beach nourishment.
Each of the three zones must be studied in detail to determine both the
dynamics of the zone and the need for erosion control. It is anticipated
that several devices could be selected as workable in some areas. The
final selection of a device for a particular site will have to be made
based on a detailed engineering analysis, an economic study of the area
and a review of the total costs and effectiveness of each device under
consideration.

A number of lists of available devices have been published which
could be used in selecting an appropriate alternative for erosion control.
Sperling and Edge (1978) and Dames & Moore (1980) are examples of recent
lists of the characteristics of various types of devices. In these lists,
erosion control devices are presented with short comments on their indi-
vidual requirements and problems encountered in their general use.
Subheadings appear under each control device on types of materials avail-
able for use. Additional comments are included on specific problems and
requirements for each of these materials. Specific examples of material
types and forms are listed along with a location of where they have been
used and a rating of their performance. There is one final column on
approximate cost per foot of protection which has only been filled in
where recent information is available. It is emphasized that this infor-
mation must be used with extreme caution as low cost protection devices

have been included in the chart along with the "high cost'" units.
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CHAPTER 1V
THE MANAGEMENT OF COASTAL DEVELOPMENT

Coastal processes have been at work since time invariant, creating
a volatile physical condition. As a result, the formation of the pre-
sent barrier island chain along the Atlantic and Gulf Coasts has been
both created and significantly changed over time. Although these
changes have been long-term, losses in terms of real property have
increased significantly in recent years. These property losses have
resulted in large part due to the rapid development of beach areas since
the end of the Second World War and to some short-sighted builaing prac-
tices that have failed to appreciate the dynamic nature of the physical
environment.

Although intensive development is a relatively recent phenomenon,
South Carolina planters were building summer beach cottages by the late
1700's., Among the first locations were Pawley's Island and Edingsville
where relief was sought from the hot summer climate and cool nights on
the plantation from which it was felt malaria bred (Preveost and Wilder,
1972.) At Edingsville, Sea Island cotton was soon introduced and proved
so profitable that by 1820 there existed sixty large "comfortable' houses
(Crayden, 1955.) In Charleston, where heat and occasional outbreaks of
yellow fever made summers unpleasant, residents began to make use of near-
by Sullivan's Island. A legislative resolution of 1791 granted the right to
spend the summer on the island to any South Carolinian who thought it 'bene-
ficial to health'. By 1880, streets were laid out, and by 1824, the summer

population was said to be "a thousand or more" (Brewster, 1947.)
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Development of the Grand Strand area of South Carolina, now the
state's most popular resort area, began after the turn of this century
with the majority of development occurring in the post-war
period. Despite out-migration from rural areas, the population of
Horry County which includes Myrtle Beach doubled between 1930 and 1976.1
Still more recently, the number of visitors to the Grand Strand grew
from 2.9 million in 1972 to 6.5 million in 1978 despite the attention
given gasoline shortages and price increases.2 While the Grand Strand
has become one of the most popular vacation areas on the Atlantic Coast,
exclusive resort communities have developed further down the éoast at
Hilton Head, Fripp, Kiawah, and Seabrook Islands. The most significant
development of the group has been Hilton Head where population in-
creased from 1,000 in 1960 to 2,546 in 1970 and is estimated to be 10,500
in 1980.3 The value of building permits issued over the past decade which
increased from $12 to $91 million is further indication of this growth.4

This recent development of oceanfront beaches has provided greater
accessibility for vacation and year-round accommodations. In turnm,
benefits have accrued to a far wider audience, and an important tourism
industry has spawned in South Carolina as well as other coastal states.
This development has not been without cost with much of it occurring in
hazard areas subject not only to long-term recession but also to storm
and flood damage. In addition, the cumulative effect of the demands
being placed on the delicate coastal ecosystem requires careful attention.

The following chapter will examine in greater detail the peculiar
benefits and costs associated with such development and the private and

institutional inducements that have contributed to this growth. The



chapter will also consider the present use of coastal resources and
examine the appropriate role of the public sector in effecting optimal

use of the resource.

Inducement to Development

A number of factors have contributed to rapid development in
coastal areas; One of the more significant factors has been climatic.
Since 1960, the number of hurricanes striking the Atlantic coast has
been unusually sparse with no major hurricanes having occurred during
this time period. Although the present trend is cyclical rather than
permanent, a feeling of security has arisen among coastal residents,
many of them new to the coast. In Florida, for example, it is estimated
that 90 percent of coastal residents have never witnessed a major
hurricane.5 This influence is felt not only in the quantity of deve-
lopments but also in terms of quality as building patterns reflect a
lack of appreciation for dynamic natural processes. The remaining
inducements can be generalized as being either privately or publiély
inspired.

Private Incéntives

Among economic and demographic factors that have contributed to the
rapid development, the most significant appear to have been:
1) growth in personal income,
2) a shift in the geographic distribution of the
population,
3) improved accessibility, and

4) learned behavior patterns of users.



Since World War II, the real per capita income in the United States
has risen 33 percent.6 Although increased leisure time often has been cited
as a reason for increased recreational demand, the greater involvement of
women in the work force has actually decreased family leisure time.7 The
more important factor stems from higher standards of living, allowing the
same wage-earner or family to participate in more expensive, capital-
intensive recreational activities. As a result of this phenomenon,
the beaches have been transformed from the playground of the rich to
increasingly include the vast middle class.

A second factor contributing to this trend is the shift in geograp-
hic distribution of the population. Presently, 50 percent of the
population in the United States resides within 50 miles of the coast.8
Physical proximity is further reinforced by increased accessibility via
the private automobile and better transportation arteries, especially
since the advent of the interstate highway system. Consequently over
the last two decades, frequent day and weekend excursions have become
feasible in strictly physical terms to a wider segment of the population.

Collectively, the increased accessibility to broader income classes
and geographic regions has introduced regular beach visits to a far
wider audience. This exposure has led to a secondary‘effect in terms of
learned behavior patters by individuals and families. In other words,
once exposed to various recreational activities a greater appreciation of
the activity may be gained, i.e., a "learning by doing' phenomenon
(Krutilla, 1967.) A recent study by the South Carolina Department of

Parks, Recreation, and Tourism indicated that half of the individuals



surveyed listed beach swimming as an activity that they participated
in during the one-year study period.9

Institutional Inducements

In addition to private inducement, a number of federal activities
have stimulated and subsidized development of coastal areas. Activities
having both direct and indirect effects on development include bridge
and highway construction, shoreline protection, flood insurance,
wastewater treatment facility grants, small business loans, economic
development grants, urban planning assistance, and home mortgage in-
surance, A brief discussion of the role of each of these prégrams
in stimulating development is presented in the sections to follow.
Bridge and Highway Construction Programs:

Bridge construction is vital to barrier island development since
development costs would be prohibitive in most cases without easy
island access. As a result, the federal government authorizes bridge
construction and road system development to facilitate access. In
addition, if the bridge or road is part of a planned highway system,
the government may provide funding toward its construction as well.

Road and bridge construction programs are administered by the
Department of Transportation, the bridge permit program is administered
by the U. S. Coast Guard, and the road construction grant program is
administered by the Federal Highway Administration., The Coast Guard
has had authority to review bridge construction proposals since 1966.
Notwithstanding bridge statutes, the Code of Federal Regulations, and
case law, a bridge permit has never been denied by the Coast Guard
because of environmental impact.10

The road construction grant program as administered by the Federal
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Highway Administration is an important influence in determining land-
use patterns. This multi-billion dollar per year construction program
makes it practical and economically rewarding to convert from low to
high-density developments. Road construction, by improving accessi-
bility, increases pressures for residential, recreational and comm-
ercial uses.
Shoreline Protection Programs:

| One of the most influential agencies on coastal development is
the U. S. Army Corps of Engineers. Since the Rivers and Harbors Act
of 1899, the Corps of Engineers has had responsibility for névigational
projects and flood control., Traditionally, the Corps has favored
structural solutions to flood control, beach erosion and navigational
problems. Construction of such projects has involved local rises in
employment and attendant rises in demand for housing and services.

A secondary factor involves the enhancement of recreation brought
about by the proposed project. Enhanced value may be claimed as a
project benefit if the beach is either publicly owned or open to public
use. Moreover, the federal government is prohibited from participating
in a shore protection project unless the public will have access to
the shoreline in the project area. This requirement means federal
projects often create public access to areas previously denied to the
public.

Flood Insurance Programs:

In order to be eligible for federal financial assistance for ac-

quisition or construction purposes in time of disaster, communities in

special flood hazard areas must enter the National Flood Insurance Pro-
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gram. (This provision is part of the Flood Disaster Act of 1973.) The
goals of the National Flood Insurance Program as administered by the
Federal Insurance Administration are to encourage state and local
governments to make adjustments to constrict development of land in
flood hazard areas and to impose tighter building codes to minimize
damage caused by flood losses. Before a community is offered flood in-
surance, it must institute flood-plain management regulations.
However, enforcement and administration of these regulations generally
has been inconsistent and ineffective in the past. In an attempt to
encourage sound management practices, FIA offers low flood insurance
premiums to residents of coastal areas. The distribution of risk to
residents of hazard and non-hazard areas has caused coastal residents
to discount the risk factor along the oceanfront. Although often given
more than just credit for influencing development, it has been estimated
that federal subsidies for flood insurance amount to only 6 percent to
public expenditures on barrier islands. Still, the psychic as well as
monetary influence of the program is greater than that figure. Congres-
sional Review of the program in the next legislative session will provide
a reading of Congressional sentiment toward such programs.

Many financial institutions refused to grant mortgages in coastal
areas prior to the National Flood Insurance Program because of the
high risk of coastal development. However, as flood insurance became
available, banks reversed their previous policy of denying construction

loans in hazardous areas. In this way, tax money supports insurance
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and development in flood-prone and ecologically fragile areas.
Wastewater Treatment Facilities Grants:

Graﬁts for the construction of wastewater treatment facilities
are primarily funded by the Environmental Protection Agency (EPA), the
Department of Housing and Urban Development (HUD), the Farmers liome
Administration (FmHA) and the Economic Developmen% Administration (EDA).
HUD's emphasis is urban and FmHA's is primarily rural. In terms of
wastewater treatment, EDA's program is small when compared to the other
agencies mentioned.

Section 201 of the Federal Water Pollution Control Act Amendment
of 1972 authorizes EPA to grant up to 75% of the cost of construction
of new wastewater treatment facilities.11 A problem arises from the

fact that inadequate areawide planning may precede construction of these

s 12
facilities. When poorly planned, 201 projects contribute to growth
which may lead undesirable residential and commercial growth in coastal

areas.,

Regulations of the EPA do not specifically designate coastal areas
as areas of environmental concern. By concentrating more on the ade-
quacy of the justification and design of the wastewater treatment
facilities, environmental assessments are left to engineering firms
which may be unaware of the special conditions of coastal areas. This
specifically contributes to construction which might otherwise be
prohibitea.

Small Business Loans:

The Small Business Administration (SBA) provides two types of
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direct or guaranteed /insured loans—-EBconomic Injury Disaster Loans
and Physical Disaster Loans. These loans are designed to assist
business concerns which suffer economic injury due to designated

disasters and to restore damaged property to predisaster conditionms.

These loans are granted for up to thirty years at relatively low interest

rates,

Physical disaster loans are made to individuals, businesses,
churches, private schools, hospitals, colleges and universities,

This broad range of disaster aésistance eligibility contributgs to a
reduction in concern for hazardous area development.

Further, an amendment to the Federal Water Pollution Control Act
of 1972 authorizes the SBA to make loans of up to 90% of the cost
small businesses incur by making additions to, or alterations in,
facilities required for water pollution control, This concern, in
effect, is removed for businesses considering construction in coastal
areas.

Economic Dévelopment Grants:

Under the provisions of the Public Works & Economic Development
Act of 1965, the Economic Development Administration has primary
responsibility for the Economic Development Grants program. Develop-
ment grants can be used for such public facilities as access roads to
industrial areas, water § sewer systems, harbor facilities, flood
control projects and site improvements for industrial parks. These
grants are made for up to 50 percent of the development cost; however,
severely depressed areas may receive supplemental grants to bring

the federal contribution to as high as 80 percent of cost,
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Loans, available for public works and development facility projects,
may pay the full cost of a project and run as long as 40 years. A
community unable to provide a share of the cost may receive a grant
for 50 percent of the cost plus a federal loan for the remainder. Such
grants and loans designed to provide public facilities on barrier
islands contribute to development for urban use. Urban Planning
Assistance grants through HUD similarly facilitate the development of
comprehensive plans for construction and capital improvement programs.
Home Mortgage Insurance:

By insuring commercial lenders against capital loss, the federal
Housing Administration encourages these lenders to invest in the home
mortgage market. Loans are insured by FHA for up to 97 percent of
value for up to 30 years. The loans finance homes in urban areas as
well as in rural areas where construction standards are less rigid.
Neither the FHA nor the FmHA differentiates between barrier islands
or mainland sites in program administration.

" 'The Benefit of Development

Recreational benefit is difficult to quantify, We know that the
minimum benefit derived is that amount individuals pay for the activity.
Yet, as the beaches are held in public trust and, in general, are non-
exclusionary, payments are made only for ancillary services, food, and
accommodations. As a result, the expenditures on beach related services
represent a first approximation for much of the benefit derived from
beach experiénces. In 1976, $845 million in travel expenditures were

spent in the 6 oceanfront counties in South Carolina.13 Horry and

Charleston Counties rank first and second respectively in travel ex-
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penditures and together account for 41 percent of such expenditures
among the 46 counties in the state.14 Particularly for the coastal
counties, tourism represents a significant component of the economic
base. For the state as a whole, tourism ranks as the second most
significant industry, and tourist related employment as of 1975 totaled
28,274 (Ellerbrock and Hite, 1979).

Properties adjacent to the beach or within its influence reflect
differential rent, i.e. aesthetic value due to location, Much of this
value is captured in land prices for both residential and commercial
property. It is estimated, for example, that oceanfront property at
Myrtle Beach sells for a 50 percent premium, compared with comparable pro-
perty on the second row.:15 As development continues in coastal areas,
the beaches and adjacent properties become scarce commodities. Ocean-
front properties then demand scarcity rent, i.e. value above and beyond
normal returns on investment, because of their location. Findings of
the present study suggest, for instance, that despite the recent down-
turn in the housing market, properties at Hilton Head appreciated at
an annual rate of 25.4 percent between 1978 and 1980, At the same
time, the natural aesthetics of beach areas become increasingly valuable
due both to increased demand and to limited available supply. Although
landowners should be encouraged to make the highest possible use of their
properties, it is from the ocean and the beach that private properties
gain value and not vice Versa}f5Collective benefit is achieved, there-

fore, through long-term maintenance of the aesthetic qualities of beaches.
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In addition to pecuniary benefits derived from the coast, signifi-
cant nonmarket benefits may accrue as well. Because beaches are public
and, in general, no fees are charged for their use, the use value de-
rived from beach visits may exceed the price paid. Economists refer
to this outcome as consumer's surplus, implying that the benefit derived
exceeds the market price. To stereotype an example, a surfer who camps
on the beach may derive a great deal of pleasure despite minimal expen-
ditures. The day user may derive significant personal benefit with
minimal or no expenditure within the beach community, while, at the
same time, the therapeutic properties of the beach produce social benefit.
Despite the fact that these activities occur without transaction, they
represent significant value to beach users and therefore must be approx-
imated to accurately reflect social value. In the case studies to
follow, a value for beach user days will be assigned.

Finally, whether we use the beach or not, value is derived from the
option of doing so. For example, an individual that has never visited
the Grand Canyon (or South Carolina beaches) may derive option value
from knowing that the canyon exists and that he/she and his/her
descendents may at some time derive enjoyment from that experience.
Implicit in the concept of option value is the fact that alterations
of the natural environment may be irreversible. Changes to the coastal
ecosystem, for example,may diminish or eliminate the resources enviren-
mental améhity.

The benefit derived from the coastline has resulted in increased

usage and development for residential and commercial purposes. It is
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appropriate, given the public nature of the resource, to consider the
consequences of this development and to consider the appropriate role
of the public sector in affecting maximum long-term enjoyment of the
beaches.

The Cost of Development

Developmént in coastal areas is not without cost, some of which is
peculiar to oceanfront environs. The most obvious cost differential
associated with such development is the risk to life and property as
the result of locations in areas subject to coastal hazards and long-
term erosion rates. In 1969, Hurricane Camille, with a rating of five
on a scale of five and a 24-foot storm surge, caused over $1 billion in
property loss. Additionally, 144 lives were lost for which we do not
wish to place values. In 1900, the most destructive storm to date hit
Galveston, drowning 6,000 residents and killing another 2,000 on shore
(MacLeish, 1980). More subtly, it is estimated that annual losses
due to coastal erosion amount to $300 million (Sorenson and Mitchell,
1975). Attempts to alleviate the property loss from shore erosion
sre certainly not without cost. It is estimated, for example, that
a beach nourishment program in progress by the City of Miami Beach will
amount to $64 million.

The fact remains that the risk of property loss due to natural
forces is a risk incurred from coastal development. Attempts to mini-
mize tha; risk are also with cost whether the solutions are of a(n)
engineering, management, or information variety. As indicated above

the costs can, in some cases, be quite significant.
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The cost in terms of environmental damage stemming from coastal
development may also be large. The salt marshes lying behind barrier
islands and coastal reaches are the most productive ecosystem on
earth. More than 70 percent of coastal fish and shellfish breed in
these waters and hundreds of wildlife species inhabit the waters or
adjacent lands (Clark, 1977). Although capable of a large assimilative
capacity and sewage discharge, construction patterns, in some cases,
have had serious effects on the ecosystem. Depletion of ground water
reserves and the resultant effect of saltwater intrusion have accompaniz!
development in a number of instances. Attempts to alleviate or miti-
gate for these effects have been costly. Public service delivery
likewise has been costly due to the remoteness of many oceanfront areas
and their seasonal nature which often results in excess capacity to be
maintained during the off-season.

More subtlely perhaps, the actions of man by disturbing the natural
system may exacerbate erosional trends and thereby property loss. It is
well understood now that the earlier leveling of dune systems and the
removal of beach vegetation has had serious consequences. Intensive
development also has limited the absorbability of the land resulting in
serious problems with stormwater runoff. The City of Myrtle Beach is a
case in point where discharges onto the beach currently violate water
quality standards and contribute to beach erosion. Aesthetically, the
better thé; 280 discharge pipes represent a further cost to the cormu-
nity (Waccamaw Regional Planning Commission, 1980).

Attempts to lessen the effect of erosion, although well-intent-

ioned, have occasionally caused more harm than good and, at other times,
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merely redirected wave energy causing erosion elsewhere. A 1930's

WPC program to rebuild the dune system at Cape Hatteras built-g-foot
dunes to assure that sufficient sand was stored to withstand the most
severe storm. Natural washover effects were eliminated, preventing
relocation of the dunes and leaving them helpless admidst the retreat-
ing shoreline (Leatherman, 1978). Seawalls and bulkheads, built to
protect landward property, cause wrap-around action resulting in erosion
to adjacent property. At the same time, the wave energy is directed
downward at the base of the structure, undermining the structure and
accelerating erosion rates seaward of the construction. As the scower-
ing effects are likely to occur below mean - high - water, the
property loss is to public lands.

Finally, stop gap measures to control structural changes which
alter sand transport patterns may hasten erosion rates. Ironically,
many of these structures are built as a preventive measure. To the
degree that sand is robbed from adjacent landowners and/or the public,
that portion of the cost is borne externally to the landowner. Struc-
tural solutions to alleviate erosional loss should be allowed only in
the most severe cases or where external effects are deemed to be small.
Still, a means of compensation for injured parties should be incorpo-

rated subject to prior approval or subsequent arbitration.
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Although dynamic, coastal processes are in continuous equilibrium.
Sand budgets remain in balance albeit positioned in varying proportions
depending on seasonal or climatic conditions, The disecuilibrium that
has developed along coastal beaches evolves instead from a conflict
between man's desire for stable land-use patterns amidst volatile nat-
ural conditions. The resolution of this issue requires a balancing of
objectives regarding the proper use of the resource, i.e., the coastal
environment,

In order to achieve efficient solutions, resources should‘be used
to the point where the value derived from the last unit is equal to the
cost of accessibility. This situation is indicated in figure IV-1 on the
following page depicting the marginal benefit and cost derived from
beach utilization. The marginal benefit, MB, reflects enjoyment from
the last unit of activity. It is downward sloping as, beyond some point,
the value from additional use becomes less and less significant through
saturation. The marginal cost, MC, reflects the expenditure required
for access to the activity. As shown, costs are assumed to be constant
for each user occasion. From a private perspective, where MC1 reflects
private cost, collective use will occur at point U1 at the cost of Vl'
Individuals, it should be noted, will not utilize the resource where
their personal cost exceeds the benefit to be derived. To provide for
greater collective benefit, public programs have lowered, in effect,the
cost of accessibility by subsidizing development as well as by reducing

the inherent risk to property owners. Conceptually, the effect is to
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Fieure IV-1. The marginal benefit and cost accruing
from beach usarge.
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; utilization is increased thereby from U, to

lower marginal cost to MC I

2

U2 meeting the program objectives. From a standpoint of efficiency, this
solution may not be optimal as the true cost, MCy, exceeds private benefit
of the last visit by the amount of the subsidy, V1 - V2. Yet, we have

not included the social benefit associated with such visits nor correc-
tion for matters of equity. Where such benefit exists, the social

optima occurs where the level of subsidization is equal to social

benefit thereby internalizing this effect.

In the case of beach usage, however, significant social costs may
also occur as noted in the previous section and must be incorﬁorated in
the decision-making process. Beyond some point or threshold, social
costs appear to increase at an increasing rate as environmental carrying
capacities are taxed. Thereforé,if MCl represents full pecuniary cost
(including contributions from taxpayers), MC3 reflects both pecuniary and
environmental cost and is upward sloping. Ignoring for the moment the
fact that social benefit may also occur, the social optima is achieved
at use level U3, and the value (and cost) of the last visit is equal to

v Even with the inclusion of social benefit denoted by a paralleled shift

3
of the benefit line to MB',BK%5> MB‘, i.e., cost may exceed benefit for
the last units consumed, implying an overutilization of the resource.

At high levels of utilization, this result is likely, in fact, as mar-
ginal cost is increasing due to environmental effects and marginal
benefit is decreasing due to saturation.

To solve this dilemma a number of environmental groups and public

officials are calling for tighter controls on use, the removal of sub-
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sidy programs, and the public acquisition of undeveloped areas. Each of
these positions represent an appropriate component of coastal policy and
will be addressed in turn. Many of the proposals that have been made,
however, reflect a strong conservationist sentiment. Although selective
conservation is appropriate to assure variety of opportunity at a later
date and to prevent beach areas from exceeding their carrying capacity,
access to the beach resources through both public and private means must
also be assured to meet demands for such recreation in the coming years.
Despite a leveling of population growth and a slower rate of economic
growth projected for the coming decade, the fact that greater numbers of
individuals have been exposed to oceanfront experiences over the last
generation will assure a conéinued and growing demand for such activity.
The denial of sufficient access will preclude the potential for signi-
ficant social gain. Closer attention must be given then to methods of
reducing tﬁe social cost of development and of internalizing as many of
the remaining costs as possible to encourage responsible actions by
individuals. The primary costs of developmént that must be addressed
include costs stemming from:

1) spillover effects,

2) information, and

3} risk

Because the coastal ecosystem is so closely interrelated, imbalances

that arise are likely to have spillover effects, i.e., repercussions
throughout the system. Where two or more noncompatible activities occur

and the potential for compensation exists, such options should be con-



sidered. For example, suppose that individual A builds a seawall or other
form of erosion control structure which it is known will have a detri-
mental effect on neighbor B, If B is sufficiently compensated for his/
her expected loss of property, both parties are potential gainers. If

B suffers greater than expected losses requiring the construction of
further seawalls, the leapfrogging effect that often occurs with the use
of seawalls might evolve. Were this loss accruing only to private pro-
pertf, effective solutions still might be achieved. Risk and uncertainty
would soon be incorporated such that at some point the cost of compen-
sation exceeded personal property loss and the seawall would no longer

be extended. Yet, the extent of damage to the public beach also must

be considered, and the appropriate compensation to the public in terms

of taxes and fees would likely be prohibitive given the use value of

the beach and the community-wide effects that might be induced from this
initial action.

Where spillover effects are community-wide in their impact and not
amenable to compensation, solutions must be community-wide in scope.
Activities falling under this category generally involve either overuse
of the natural (or social) carrying capacity or alterations of the
natural system which, in turn, impact others. In terms of erosion
control, alterations of the beach and dune system or to sand transport
may signifiéantly affect beach formation and subsequent erosion rates
within an entire beach reach. It is appropriate to develop erosion
control measures as static land-use patterns prove inadequate.

Compatible development along the oceanfront requires that structures
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conform to the natural environment as presently configured as well as to
the expected beach configuration over the useful lifetime of the building.
The useful lifetime of the structure may vary depending on its purpose
and construction, Typical housing mortgages run for 30 years, although
a 50 year planning horizon might be a more reasonable target to reflect
a longer life expectancy and to allow a buffer in the event of antici-
pated rapid erosion.

Where development does not accommodate changes in beach formation,
the potential for property damage is greatly increased. Although
patterns are by no means consistent and many areas are presenfly accreting,

the domir.ant trend along the Atlantic and other ocean coasts has been one

"of gradual long-term recession, In addition;and perhaps more sig-

nificant in terms of property loss, there has been short-term erosion caused
by ocean storms or by changes in sand transport patterns, be they

natural or man-made changes. Where shoreline migration is allowed to run
its course; dune and beach systems often are stabilized considérably
seaward of their inland penetration. Erosion control structures and
building foundations, on the other hand, often prevent natural adjust-
ment processes, lending instability to the immediate beach system.
Furthermore, threatened homes and commercial establishments encourage
the use of structural solutions which may provide immediate relief but
which may also contribute to long-term erosion inflicting cost on

the owner and neighboring property owners. Internalization of these
costs require either a method of private compensation or of land use
controls restricting use of long-term erosion control structures

or of discouraging unwise building patterns. The latter of
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these two options is the less costly long-term solution as property is
removed from potential hazard areas.

A number of states and communities have instituted coastal setback
laws either precluding or requiring a variance for location seaward
of the line. Criteria employed include but are not limited to: flood
maps and storm history, past erosion rates, site specific observation,
or some combination of the above. The legal foundations for such laws
are the police power of the state while their general intent is to
protect the health, safety, morals and general welfare of the community.

Present property owners i.e., those having structures in place,are
generally exempt from such provisions, having built under earlier instit-
utional arrangements. New construction must be treated in a universal
fashion to prevent or minimize the loss of view which often encourages
building at the front of waterfront lots. Additionally, the alleviating
of potential loss also alleviates the need for short-term 'bandaid'
solutions which may have detrimental long-run effects.

The taking issue associated with zoning law is discussed in greater
detail in Chapter V. In general, the courts have maintained that
set-back laws do not constitute a taking. Yet, where reasonable use of
the land is precluded, public acquisition should be an available option.
The loss of private discretion through land-use control is balanced
against the public interest. Because of the fragile nature of the
coastal system in terms of both physical and biological resources, in-
dividual actions may be community-wide in their effect. Optimal sol-

utions require that external costs be internalized where possible;
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where they cannot be internalized, potential social costs should be
minimized where doing so does not seriously restrict private property rights,

The second peculiar cost associated with coastal development cited
previously is the cost of information. The science of coastal geo-
morphology is most complex. With the number of variables influencing
beach formation, extensive research activities ar; often necessary to
explain coastal processes influencing long and short-term shoreline
patterns. As such, an understanding and appreciation of these processes
is generally lacking among potential buyers. It is, therefore, in ti:
public interest to disseminate information to both individuals and to
local communities through technical assistance programs. In addition,
although setback provisions are restrictive, they serve as a line of
demarcation and information system indicating high hazard potential.
Individuals, based on this information, are allowed then to build at
or beyond the setback line depending upon their aversion to risk.

With the last point having been made, we come to the final
identified cost that must be incorporated to assure proper resource
utilization. Because the oceanfront is a hazardous area, the risk
associated with location in such areas is substantial. Still public
policy has effectively minimized risk through programs such as
Federal Flood Insurance and Disaster Relief. As a result, individuals
often undervalue the potential loss of building in hazard areas while
significaﬂt federal and private insurance payments are required to
correct for this situation. Unlike the spillover costs discussed pre-
viously, risk can be internalized, 1i.e. borne by the property owner,
given adequate information. More effective use of coastal resources can

be obtained where private property owners incorporate the full cost of
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development into their decision-making process. The public sector
in turn, should provide a framework which corrects and/or minimizes
social costs and provides information. At the same time, the frame-
work should encourage individuals in making personal decisions to

pursue objectives consistent with stated public policy.



63

FOOTNOTES

1. U. S. Department of Commerce, Bureau of the Census, 1970 Cen-
sus of Population Washington, DC: Government Printing Office, with
updated estimates to 1976.

2. Final Evaluation of Stormwater Runoff Control Alternatives for
the Myrtle Beach Stormwater Study submitted to Waccamaw Regional Planning
and Development Council by Moore, Gardener and Associates, Inc., Consult-
ing Engineers, Surfside Beach, S. C., March, 1980.

3. The Hilton Head Island Chamber of Commerce, Based on estimates
by Donald Hobart, Sea Pines Plantation, Hilton Head Island, S. C., 1979.

4. Office of the Building Inspector, Beaufort County Joint Planning
Commission, "Building Permit Totals on Hilton Head Island from 1952 thru
1979." The Hilton Head Island Chamber of Commerce, January 1, 1980.

5, Observation of Neil Frank, Director of the National Hurrincane
Center in Macleish (1980).

6. U. S. Department of Commerce Bureau of Economic Analysis, Sta-
tistical Abstract, Washington, D. C.: Government Printing Office, 1979.

7. U. S. Department of Labor, Bureau of Labor Statistics, Employ-
ment and Earnings States and Areas, 1939-75, Washington, D. C.:
Government Printing Office, 1977.

8. Rutherford H. Platt, "Coastal Hazards and National Policy: A
Jury-Rig Approach,' Journal of the American Institute of Planners,
April, 1978.

9. South Carolina Department of Parks, Recreation and Tourism, 1979
South Carolina Recreation Participation and Preference Study.

10. U. S. Department of Interior, Office of Heritage Conservation
and Recreation Service, Report of the Barrier Island Work Group, (Decem-
ber 18, 1978), p. 65.

11. Ibid., p. 74.
12. Ibid.

13. South Carolina Department of Parks, Recreation, and Tourism,
The Dynamic Impact of Tourism and Travel on the Economy of South Carolina,

Columbia, S. C., 1978.

14. South Carolina Department of Parks, Recreation, and Tourism,
ibid. Much of Charleston's tourism is admittedly not tourism related.
Nevertheless, the dominance of these coastal communities to the state's
tourism industry seems obvious.
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15. Estimates taken from samples of beachfront and second row lots
at Myrtle Beach based upon the 1979 Horry County Tax Assessment.

16. Once development occurs with spinoff activities, the direct
effect of the beach may become less important. Restaurants, nightclubs,
and golf courses may become, to some individuals, as important in attract-
ing visitors. Nonetheless, the initial and predominant caused effect
seems clear.
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CHAPTER V

PUBLIC POLICY TOWARD EROSION CONTROL

Because the negative effects associated with coastal development
have intensified only in the last century, public policy in this regard
evolved slowly with programs generally instituted in piecemeal fashion.
Recently, however, policy makers at all levels of government have begun
to reevaluate existing programs and to seek more effective measures of
control for natural hazards. The following chapter will examine the
existing institutional framework at the federal, state, and local level
and explore a variety of policy options being considered.

Federal Policy

Federal reéponsibility for erosion control traditionally has been
that of the U. S. Army Corps of Engineers. Present federal policy in
this regard has been shaped largely through passage in succession of
the Federal Flood Insurance Act (1968), the National Environmental Policy
Act (1969) and the Coastal Zone Management Act (1972). Proposed Barrier
Island Legislation in Congress has been delayed but may in its present
or altered form significantly impact federal policy along the coast.

The Corps of Engineers

The Corps' powers with regard to erosion control were broadly inter-
preted from Congress' initial authorization of navigation improvement
projects in 1824. The scope of Corps projects broadened over time in-
cluding specific authorization for shore protection projects in 1946.
Although major attention in the past has been given to engineering crite-
ria, the Corps has begun in recent years to incorporate a more

sophisticated management approach including a committment ''that the social
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consequences of contemplated water resource development actions be con-
sidered and taken into account during the planning process.”1

The Corps is presently involved in a number of beach protection/
restoration projects. These projects are restricted by law to the resto-
ration of beaches to their historic limits, i.e. new beach areas are
specifically forbidden. As with all such federal programs, all beaches
regeiving erosion control benefit from federal projects must be open to
use by the public. Projects providing hurricane protection are exempt
from this requirement, although multiple-purpose hurricane protection
and beach cﬁntrol projects may justify further federal support}

The Federal Flood Insurance Program

The Federal Flood Insurance Program is administered by the Federal
Insurance Administration (FIA). The goals of the program are ''to encou-
rage state and local governments to make appropriate land use adjustments
to constrict the development of land which is exposed to flood damage and
minimize damage caused by flood losses," and '"to . . . . guide the deve-
lopment of proposed future construction, where practicable, away from
locations which are threatened by flood hazards."2 As noted in an ear-
lier section, neither of these goals appears to be met at the present
time,

In part, because of concern over the effectiveness of the program,
the Federal Insurance Administration was transferred to the Federal
Emergency Management Agency (FEMA) by Executive Order 12127 on April 1,
1979. Still, FIA retains its identity as an agency within FEMA. In-
ternal review of the program is currently being conducted and
reauthorization of the Agency before the next session of Congress will

provide a significant gauge of Congressional attitudes and future
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federal policy. At question is the role of the federal government in
sharing the risk associated with coastal development.

The Coastal Zone Management Program

The Coastal Zone Management Act of 1972 (CZMA) represents a state-
ment of need and desire to provide wise management of the nation's
resources. The Act includes provisions for coordination of federal and
state activities in the coastal zone. To do so, it employs incentives
for states to develop comprehensive management programs; federal fund-
ing is provided to develop and implement programs which meet standards
established by the Secretary of Commerce. Provisions for federal/state
consistency are included in the Act which states that:

1) each federal agency conducting or supporting activi-
ties in a manner which is to the maximum extent
practicable, consistent with approved state manage-

ment plans, (Section 307(c) (1)), and

2) federal agencies shall not approve proposed projects
that are inconsistent with the coastal state's manage-
ment program, except upon a finding by the Secretary
that such a project is consistent with the purposes
of this title or necessary in the interest of national
security. (Section 307(d)).

The 1976 Amendment to CZMA includes more specific language with re-
gard to shoreline erosion/mitigation planning. Section 305(b)(a)
mandates that:

The management program for each coastal state include.

a planning process for A) assessing the effects of shore-
line erosion (however caused), and B) studying and
evaluating ways to control, or lessen the impact of, such
erosion, and to restore areas adversely affected by such

erosion. (Federal Register 923.25).
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Provisions of the Amendment addressing erosion control are included
in Appendix A. The program must include a method for assessing the
effects of shoreline erosion and of techniques for controlling this
erosion. It must also identify and describe "enforceable policies, legal
authorities, and funding techniques' to be used in erosion management
(Section 305(c)(2)). As such, the CIZIMA provides the framework for state
and federal committment relating to erosion control and management.

New Directions in Federal Policy

In his Environmental Protection Message of May 23, 1977, President
Carter outlined policy with respect to barrier islands indicating that:

. barrier islands are a fragile buffer between wetlands
and the sea . . . Many of them are unstable and not suited
for development, yet in the past the Federal Government
has subsidized and insured new construction on then.
Eventually, we can expect heavy economic losses from this

shortsighted policy.

The designation of 1980 as the Year of the Coast is symbolic of a new
awareness of the importance and fragility of the coastal ecosystem. Per-
haps more importantly, the introduction of Barrier Island Legislation in
both houses of Congress reflects a clear departure from past federal poli-
cies. The House Bill (HR 5981) introduced by Rep. Phillip Burton (D.
Calif.) would provide for federal protection of undeveloped barrier is-
lands. The legislation would empower the Secretary of the Interior to
acquire undeveloped islands or undeveloped portions of developed islands
and place them in a National Barrier Islands Park System. The bill would
further prohibit federal assistance on undeveloped islands for roads, air-
ports, erosion control projects and reconstruction of privately owned

buildings after natural disasters. A grandfather clause would exclude
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existing development.

Of some 300 barrier islands, 184 will be wholly or partly included
within the map of "Barrier Island Units of the National Park System."3
A major criticism of the bill has been the failure of sponsors to pro-
duce a cost estimate for acquisitions in a time of fiscal conservancy.
Proponents argue that the total cost of acquisition will be substan-
tially less than will be expended for development and hazard mitigation
based on present trends. In Congressional testimony, Crane Miller, an
outspoken advocate of the concept, estimated that 'the cost of land
acquisition.authorized by the bill is conservatively estimated to be
less than one-fifth of the federal costs for access, infrastructure,
and disaster relief than if the same islands were developed to less than
half their potential (44%).”4 Purchase of undeveloped sections of
previously developed islands would considerably raise the cost, and no
concensus has been reached as to the appropriate price to be paid pro-
perty owners. In addition, no estimates of loss from removing these
lands from extensive use or of providing public access for 'optimal' use
have been made. Still, the realization that lands can be purchased by
the federal government for less than is being paid in terms of subsidi-
zation for intensive development is a sobering indictment of past
federal policy.

The Senate Bill (S. 2686) sponsored by Senator Bumpers (D. Ark.)
does not provide for acquisition. Like the Burton Bill, it does forbid
the use of federal subsidies for islands comprising the "Barrier Islands
Protection System.'" The bill additionally establishes a Barrier Islands

Advisory Council to be chaired by the Secretary of the Interior and to
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include representatives of 15 federal departments or agencies. The
functions of the Council would be to provide for coordination and con-
sultation among agencies to assure a consistent federal policy with
regard to barrier islands and to study and make recommendations with
respect to regulation and management plans.

The thrust of the two bills reflects a strong yet rigid committment
to conservation. Little attention is paid to the wise use of currently
developed beaches nor to making undeveloped lands available for use in
either a public or private framework. 1In addition, control is vested
at the fedéral level rather than at the state level as designed under
the Coastal Zone Management Act. It seems obvious that a greater
federal committment is necessary as state consistency review is politi-
cally difficult in the face of lucrative federal programs which may
conflict with state coastal programs. Until a federal conscensus is
achieved, states, whether they wish to or not, will be required to
assume major responsibility with respect to beach management. It is to
the role of the state that we now turn.

State Policy

Coastal policy in many states has been clouded historically by legal
questions as to tidelands ownership, i.e. with regard to lands lying be-
low or seaward of mean high water. Major attention to the issue of
coastal erosion control has evolved over the past decade with the primary
catalyst being the Coastal Zone Management Act of 1972, Prior to this
time, some attention was given to dune protection, and broad guidelines
were drawn with regard t