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ABSTRACT

A number of well-known U.S. beaches have been nourished and performed quite
well, but their performance characteristics and benefits are generally not well recog-
nized. This paper discusses the performance of individual nourished beaches in Santa
Monica Bay and Coronado/Silver Strand in California, Delray and Miami Beaches
in Florida, and Harrison County, Mississippi. In addition, performances of several
beach nourishments in statewide programs in New Jersey and Florida are presented.
Performances of these beach nourishments are discussed in the context of the recre-
ational, aesthetic, environmental, and storm damage reduction services they provide.
Some of these beach nourishments have remained stable for 60-70 years. The wide
beaches produced by the nourishments have won U.S. and worldwide fame for their
beauty; attracted huge numbers of tourists, producing remarkable economic returns
much greater than the cost of nourishments; and provided significant protection from
storms. For each case, there are brief sections describing economic benefits of the
nourishments and lessons learned from their performance.

ur nation and all coastal countries
Owill face major decisions at vari-

ous times in the future as to the
most appropriate response to rising sea
levels and other causes of beach erosion.
The response options range from reloca-
tion to beach nourishment to structures.
The appropriate decision will not be a
“one size fits all” and is dependent on lo-
cal features and other characteristics. The
choice of a response option should not
be taken lightly and should be examined
and planned in an atmosphere in which
deliberate and rational factors can be
weighed along with their uncertainties.
[nappropriate choices, whether they be
relocation, nourishment, or structures
can be unduly expensive. An essential
ingredient in fully understanding the
benefits and consequences of individual
responses are case studies including the
long-term performance of projects that
have been in place for sufficient time
scales to judge their performance, thereby
forming a solid basis for predicting their
future benefits and costs. Although in
most settings the performance of beach
nourishment projects can be predicted
within about 25%, a well-documented

case study is worth a thousand calcula-
tions to the engineer and especially the
lay person! Beach nourishment is the
only shoreline stabilization alternative
that maintains the recreational, aesthetic,
environmental, and storm damage reduc-
tion features of a natural beach.

This paper was motivated by the rec-
ognition that a number of well-known
U.S. beaches have been nourished, have
performed quite well, and their history
as nourished beaches is not recognized
by the average beachgoer and, to a lesser
extent, by some specialists. We con-
sider five cases of individual nourished
beaches and also nourished beaches
that are part of two state nourishment
programs in a variety of settings along
the Pacific, Atlantic, and Gulf coastlines
and provide reviews of their nourishment
background, their performance, and the
various services that they provide. We
leave the issue of detailed analyses of
why these projects have performed so
well to another day and probably to other
investigators. However, these projects
stand as solid examples of the utility of
beach nourishment as a response option
to sea level rise and other erosive agents.
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We hope that this paper will stimulate
similar examinations of the performance
and utility of beach nourishment projects
in other coastal countries. Because this
paper is initially intended for a U.S. audi-
ence, English units are applied.

SANTA MONICA BAY BEACHES,
CALIFORNIA
Introduction

The Beach Boys, “Baywatch” TV
series, and rollerblading on the board-
walk at Venice Beach (Figure 1) are
all icons of the southern California life
style known worldwide.They are associ-
ated with beaches in Santa Monica Bay,
California, which most people assume are
naturally wide. However, Santa Monica
Bay beaches were narrow prior to human
addition of substantial quantities of sand
50-70 years ago that produced wide and
stable beaches (California Department of
Boating and Waterways and State Coastal
Conservancy — CDBW 2002).

The Santa Monica Bay coast extends
almost 40 mi from Point Dume on its
northwest coast to Palos Verdes Point
on its southeast coast (Figure 2). Prior
to 1825, the area received intermittent
but substantial quantities of sand from
the Los Angeles River, which discharged
through Ballona Creek. Ballona Creek
presently empties into Santa Monica Bay
just south of Marina del Rey (Figure 2).
However, in 1825 during unusually heavy
floods, the Los Angeles River changed its
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Figure 1. Rollerblading on the Venice Beach boardwalk.

Figure 2. Santa Monica Bay (CDBW 2002).
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course and has since discharged into San
Pedro Bay, a littoral cell about 25 mi to
the south (Pardee 1960). During floods
of 1862 and 1884, some of the flow was
through Ballona Creek, but since 1884 all
of'the discharge of the Los Angeles River
has been into San Pedro Bay. During the
great flood of March 1938, it is estimated
that the Los Angeles River deposited
about 6 million cu. yd. of sediment into
San Pedro Bay, demonstrating how sig-
nificant the river was to the sediment bud-
get of Santa Monica Bay (Wiegel 1994).
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The annual sediment supply to Santa
Monica Bay is now estimated to be only
about 60,000 cu. yd., including sediment
passing around Point Dume, bluff erosion
along the western portion of the Bay,
and sediment from small streams of the
Santa Monica Mountains and Ballona
Creek (Leidersdorfer al. 1994). Sediment
transport is from the northwest to south-
east and is estimated to have a potential
of 200,000 to 250,000 cu. yd. a year
(CDBW 2002). Just south of Redondo
Beach, the transport direction reverses

to the north because the coast curvature
causes a northern current, The Redondo
Submarine Canyon is a sediment sink
for material flowing from both the north
and south.

As a result of the cutoff of sediment
from the Los Angeles River, high rates
of alongshore sediment transport, and
the loss of sediment down Redondo
Submarine Canyon, Santa Monica Bay
beaches became sediment starved prior
to the 20th century. Before 1935, beach
widths typically ranged from 50 to 150
ft (CDBW 2002). Johnson (1935) noted
that many of the beaches were “...too
badly eroded to be of value as bathing
beaches.” Figure 3 is an example of a
crowd using the narrow beach at Venice
Beach in 1925.

Human made beaches

Since 1938, 31.6 million cu. yd. of
sand have been placed on the Santa
Monica Bay beaches, about 93% of
which was not placed specifically for
beach nourishment but became available
from construction projects, where beach
placement was an expedient method of
disposing of excess sand. This sand from
11 projects from 1938 to 1989 created
wide beaches in an area that before 1938
was characterized by narrow beaches
(Table 1). Construction related to the
Hyperion Sewage Treatment Facility,
located just inland of Dockweiler Beach,
contributed more than half of the sand
(17.1 million cu. yd.). The construction of
Marina del Rey contributed 10.1 million
cu. yd. Construction at the Scattergood
Generating Station, a gas-fired steam
electric generating station at Dockwei-
ler Beach, added 2.4 million cu. yd. and
beach nourishment projects contributed
2.1 million cu. yd.

The 31.6 million cu. yd. of sand dra-
matically widened beaches from Santa
Monica Beach to Redondo Beach. Be-
tween surveys in 1935 and 1990, Santa
Monica and Venice Beaches widened by
an average of almost 400 ft, Dockweiler
Beach by 500 ft, Manhattan and Her-
mosa Beaches by 250 ft and more, and
Redondo Beach by 150 ft. The sand has
been remarkably stable as can be seen in
representative beach profiles at Venice
Beach in 1935, 1953, and 1990 (Figure
4). Venice Beach (Figure 5) has been
named one of the 10 top beaches in the
world (EpicAdventurer 2012), top 10
best city beaches in the world (Touropia
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2012), top 10 great American Beaches
(YahooTravel 2012a), and received a
2012 Travelers Choice Awards for being
one of the top 25 beaches in the world
(TripAdvisor 2012).

The length of time that sand placed on
Santa Monica Bay beaches has remained
is striking. Over 90% of the 31.6 million
cu. yd. was placed 50-75 years ago, yet
most of the sand remains in place. Not
only did Dockweiler and Venice Beaches,
where the sand was directly deposited,
benefit, but downdrift beaches have
grown dramatically. Reppucci (2012)
gives an excellent account of the growth
of the beach in Manhattan Beach, which
is about 10 miles downdrift of Venice
Beach. Beach width was 190 ft in 1910,
but dropped to about 108 ft in 1938. From
1938 to 2011, the beach width grew from
108 ft to about 420 ft due primarily to the
addition of sand from 1938 to 1963 up-
drift at Venice and Dockweiler Beaches
and Marina del Rey. Hermosa Beach,
which is about 2 miles further downdrift
to the southeast of Manhattan Beach,
is almost the same width as Manhattan
Beach, and Figure 6 shows there has been
almost no change in beach width in the
last 17 years at Hermosa Beach.

The iconic beaches of Santa Monica
Bay have remained wide for so long that
most residents believe these beaches are
naturally wide and humans had no hand
in their development. Recognizing the
need to educate the public on the origin
of the wide beaches at Manhattan Beach
and to celebrate the centennial of the
establishment of the city, the Manhattan
Beach Historical Society convinced the
city of Manhattan Beach (2012) to install
historical beach-width measurement
benchmarks and two historical centen-
nial plaques on the Manhattan Beach
Pier. One plaque will show a 1912 beach
width of 180 ft and the other a 2012 beach
width of 430 fi.

Structures have contributed to sta-
bilizing sand placed on Santa Monica
Bay beaches. The shore from Topanga
Canyon to Malaga Cove currently has
five shore-parallel breakwaters, three
shore-perpendicular jetties, 19 groins,
five revetments, and six open-pile piers
(Patsch and Griggs 2006). The stability
of Santa Monica Bay beaches has been
attributed partially to the structural com-
partmentalization of the shoreline with
Flick (1993) noting that these structures
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Figure 3 (above).

Venice Beach in 1925.

Figure 4 (left).
Representative beach

profiles at Venice
Beach showing
remarkable stability
between 1953 and
1980 (CDBW 2002).
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Table 1. Sand placement in Santa Monica Bay

Quantity

Placement (millions
Date location Source Purpose of cu. yd.)
1938 Dockweiler Beach Hyperion Disposal 1.8
1945  Venice Beach Hyperion Disposal 0.2
1947 Venice/

Dockweiler Beach Hyperion Disposal 13.9
1947 Redondo Beach  Onshore Nourishment 0.1
1956 Dockweiler Beach Scattergood  Disposal 24
1960-62 Dockweiler Beach Marina del Rey Disposal 3.2
1963 Dockweiler Beach Marina del Rey Disposal 6.9
1968-69 Redondo Beach  Offshore Nourishment 1.4
1984 El Segundo Offshore Nourishment 0.6
1988 Dockweiler Beach Hyperion Disposal 0.2
1988-89 El Segundo Hyperion Disposal 1.0

Source: Leidersdorf et al. 1994.
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are extremely effective in limiting along-
shore transport and retaining sand.

The impact that structures can have on
littoral transport was not fully appreci-
ated early in the development of harbors
in Santa Monica Bay. For example, the
Santa Monica Beach offshore break-
water was constructed in 1934 with the
intent of creating a harbor, but with little
realization of downdrift impacts. The
breakwater caused too much sedimen-
tation for development of a harbor and
produced downdrift erosion of beaches in
Santa Monica and Venice. Periodic sand
bypassing was initiated in 1939 to offset
the interruption of littoral transport. The
experience at Santa Monica Beach led
to the realization that the construction of
breakwaters for development of Marina
del Rey Harbor would interrupt littoral
flow, so periodic sand bypassing was
included in project design and no sig-
nificant downdrift erosion has occurred
(Leidersdorf et al. 1994). The King Har-
bor North Breakwater (Figure 2) is 5,200
ft long and a littoral barrier. However, it is
just north of Redondo Submarine Canyon
and thus prevents sand from going down
the canyon and being lost to the littoral
system. Similarly, the 600-ft-long Topaz
Street Groin (Figure 2) prevents sand
moving north in the area of littoral cur-
rent reversal to enter the Canyon and be
lost to the littoral system (Leidersdorf er
al. 1994). The most recent littoral barrier,
the Chevron Groin (Figure 2), was con-
structed in 1970 to protect shore crossing
of oil pipelines. Beach nourishment on
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Figure-5. A wide, appZaIinQ beach at Venice Beach.

either side of the groin was an integral
part of project design. Leidersdorf et
al. (1994) concluded that the effect of
structures in Santa Monica Bay has been
to, “... effectively compartmentalize the
shoreline in the central and southern
portions of the Bay, thereby retarding
littoral drift and reducing the rate of sedi-
ment loss down Redondo Canyon.” The
combination of large quantities of sand
placed 50-70 years ago and structures
that slow littoral transport and prevent
sand loss down Redondo Submarine
Canyon has led to wide, stable beaches
that characterize the central and southern
portions of Santa Monica Bay.

Economic benefits

Houston (2013) showed that travel
and tourism was the largest employer and
earner of foreign exchange of any U.S.
industry and beaches were the leading
tourist destination. A 2012 survey by
TripAdvisor (2011) found that beaches
are the leading U.S. tourist destination,
with 44% of survey respondents planning
beach vacations. An ABC/Washington
Post (2012) poll found beaches were the
most popular summer vacation destina-
tion, with Americans spending 40% of
their vacation days at the beach and 52%
of respondents planning a beach vacation
some time in the next 12 months. Go-
ing to the beach is not just an American
obsession, with Expedia.com (2012)
finding in a survey of 8,599 adults in 21
countries that “...the beach is by far the
favorite destination for the majority of
the world’s travelers.”

According to Investopia (2012),
California is the number one tourist
destination in the U.S. and “...the tour-
ism powerhouse of America.” Domestic
and international visitors spent $102.3
billion in California in 2011, generat-
ing $11.1 billion in taxes including
$4.7 billion in federal taxes (California
Travel and Tourism Commission 2012).
Beach tourism is especially important in
southern California since over 97% of
beach visitors in California visit beaches
south of San Francisco (King and Symes
2003). YahooTravel (2012b) and Travel
and Leisure (2012) rank Venice Beach
as the busiest beach in America with 16
million tourist visits. This is almost 50%
more visits than the combined visits to
Yellowstone (3.3 million), Yosemite (4.0
million), and the Grand Canyon (4.4 mil-
lion) (National Park Service 2012). Santa
Monica beaches are a magnet for tourists
from around the world. For example,
Venice Beach has the greatest tourist ex-
penditures ($343 million) of any beach in
California with 55% of those at the beach
not from California and 27% from other
countries (King and Symes 2003).

Suppose sand placement in Santa
Monica Bay from 1938 to 1963 had not
occurred and beaches were too badly
eroded to have much value as bathing
beaches as Johnson noted in 1935. King
and Symes (2003) showed the impact
on the economy if southern California
beaches were not available. Three quar-
ters of households surveyed said that they
would travel outside California more than
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they do now if California beaches were
unavailable. Two-thirds of overnight
visitors surveyed at beaches said that
they would either not come to the area or
would come less often if there were no
beaches. King and Symes estimated that
if beaches in southern California were not
available, the California economy would
suffer an economic loss of $8.3 billion
and the U.S. economy a loss of $6 billion.
The state and federal government would
lose about $1.5 billion in tax revenue.
Had the sand placement in Santa Monica
Bay from 1938 to 1963 not occurred, it is
doubtful that Santa Monica Bay beaches
would be the international icons that they
are today.

Lessons learned

The success of the placement of sand
in Santa Monica Bay illustrates the
importance of using sand as a resource.
Over 90% of the sand was placed to dis-
pose of it at the least cost. It happened
that the least cost was to put the sand
on nearby beaches. In the case of the
excavations of sand for the Hyperion
Sewage Treatment Plant and the Scat-
tergood power plant, large eductors
were used to pump the sand the least
distance and at the least cost, which was
to nearby beaches (Herron 1980). Very
often, the least cost for disposal of sand
dredged from inlets is ocean placement
at depths where it does not get back into
the littoral system. All sand should be
placed on nearby beaches. The U.S. Army
Corps of Engineers (2012a) is working
to manage sediment on a regional basis,
where dredged material is viewed as a
resource, and this may help in getting
more sand back on beaches. However,
it is still bound by Title 33 in the Code
of Federal Regulations that calls for «...
discharge of dredged or fill material into
waters of the U.S. or ocean waters in the
least costly manner, at the least costly and
most practicable location, and consistent
with engineering and environmental
requirements.” (Code of Federal Regula-
tions 1988). Navigation channels inter-
rupt the natural flow of sediment along a
coast and dredging them and disposing
sand outside the littoral system causes
environmental impacts and should not be
considered consistent with environmental
requirements.

Much has been learned from the con-
struction in Santa Monica Bay of struc-
tures that affect littoral transport. Early
construction projects caused downdrift

Figure 6 (below). Pier at Hermosa Beach with b
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each width about 420 ft. Top

photo taken 30 May 1994 and bottom 7 March 2011 (courtesy of Google Earth

and U.S. Geological Survey).

erosion of beaches. However, since then
projects have been planned to mitigate
impacts on downdrift beaches by bypass-
ing sand, for example. The placement
of terminal structures on either side of
the littoral cells just north and south of
the Redondo Submarine Canyon has
prevented loss of sand to the littoral
system. The overall effect of structures
from Topanga Canyon to Malaga Cove
has been to limit alongshore transport
and retain sand, leading to the long-term
stability of the beaches.

CORONADO AND SILVER
STRAND BEACHES, SAN DIEGO,
CALIFORNIA
Introduction

Like the beaches of Santa Monica
Bay, Coronado and Silver Strand Beaches
are icons of southern California. These
beaches extend about 10 miles east and
south from the base of the Zuniga jetty
at the south entrance to San Diego Bay
to the Silver Strand State Beach (Figure

Shore & Beach ® Vol. 81, No. 3 B Summer 2013

7). Silver Strand received its name from
the “silver shell,” a bivalve whose shells
are often on the beach at water’s edge. In
addition, the sand contains mica, a min-
eral that gives the beach a silver sheen.
Coronado Beach (Figure 8) was named
as America’s Best Beach in 2012 by “Dr.
Beach,” Professor Stephen P. Leatherman
of Florida International University (Re-
uters 2012). Beach width is one criterion
in Dr. Leatherman’s evaluation. Like the
beaches of Santa Monica Bay, Coronado
and Silver Strand Beaches are wide and
stable as a result of humans disposing
excess sand.

The Silver Strand littoral cell in the
U.S. extends for about 16 mi from Point
Loma to the U.S.-Mexican border (Fig-
ure 7) and then about 20 mi south of the
border to Punta El Descanso, Mexico.
North of the Tijuana river, the Silver
Strand littoral cell is one of the few cells
in southern California with a significant
northerly transport of sand, caused by the
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Figure 7 (right). The U.S.
portion of the Silver Strand
Littoral Cell from Zuniga Jetty
to the U.S.-Mexico border
(adapted from U.S. Army
Corps of Engineers 1991).

Figure 8 (below). Coronado
Beach with the Hotel del
Coronado in the background.

Figure 9 (bottom). February
1905 view of Hotel del
Coronado (Kuhn and
Shepard 1984).
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wave shadow in the lee of Point Loma
(Inman and Masters 1991).

The San Diego River was a source
of sediment for the cell, but in 1853 the
federal government diverted its flow to
Mission Bay because the river was silting
the harbor in San Diego Bay (Kuhn and
Shepard 1984). The Tijuana River then
became the major source of sediment
that traveled north to Imperial Beach
and then along the Strand and also south
toward the border. Prior to building of
the Zuniga jetty, which was intended to
stabilize the navigation entrance to San
Diego Bay, sand flowing north would be
deposited in the Zuniga shoals and bc
recycled through wave and currents to
beaches along the Strand. Construction
of the 7,500-ft-long Zuniga jetty started
in 1893 and was completed in 1904. The
jetty became a major littoral barrier, since
it strengthened and extended the ebb-
tide jet, causing the tidal delta to move
to deeper water such that it became a
sediment sink (Inman and Masters 1991).

Development of the Silver Strand as
a tourist destination began in 1888 with
construction of the world-famous Hotel
del Coronado (Figures 7 and 8) on a
poorly developed sand spit. A 1,400-ft
curved jetty was constructed in 1900 for
a boat anchorage (Flick 1993). Storms in
1905 caused severe erosion northwest of
the hotel and 30,000 two-hundred-pound
sandbags were placed to protect it (Figure
9). By March 1905, erosion extended
over 100 ft on the northwest side of the
hote! (Figure 10). The Beach Erosion
Board (1941) concluded that the curved
jetty interrupted the northwesterly trans-
port of sand with beaches to the southeast
of the jetty accreting slightly following
its construction. The board attributed the
severe erosion to the northwest to the
jetty interrupting sand transport. In re-
sponse to the erosion, between 1905 and
1908, a massive 5,200-foot-long seawall
was built from the hotel to the northwest
{(Kuhn and Shepard 1984).

As the Silver Strand developed in the
20th century, water-storage dams con-
structed on the Tijuana River in 1910,
1926, and 1936 caused a substantial
reduction in sediment delivered to the
coast (Wiegel 1994). Inman and Masters
(1991) estimated that approximately
150,000 cu. yd./yr of sand would reach
beaches if not entrapped by these dams.
This sand deficit has caused serious ero-
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sion in the vicinity of Imperial Beach
and into Mexico (Inman and Masters
1991) (Figure 11). To counter the erosion,
the Navy in 1945 constructed a 600-ft
revetment to protect a facility just north
of Imperial Beach and Imperial Beach
constructed a 1,000-ft-long stone revet-
ment along part of the shore in 1957. A
400-ft groin was constructed in 1961 and
a 750-ft groin in 1963, but these groins
were not effective in reducing erosion
(Wiegel 1994).1n 1977, about 1.1 million
cu. yd. of sand were added to Imperial
Beach, but soon eroded. In 2012 about
450,000 cu. yd. of sand were added to
Imperial Beach (NBC San Diego 2012)
as erosion problems have persisted.

Until World War [I, the Silver Strand
was a thin, marginal sand spit that was
frequently overtopped during storms and
high tides so that Coronado Island was
indeed virtually an island (Herron 1980).
There was little development except the
Hotel del Coronado, which was protected
by a large groin and seawall.

Human made beaches

Starting during World War 1, the Navy
began development of San Diego Bay
into a major U.S. Navy base. Almost 34
million cu. yd. of sediments were dredged
from the bay from 1941 to 1988 to form
navigation channels and in construction
of naval facilities (Wiegel 1994). The
sediments were deposited on the Coro-
nado and Silver Strand Beaches (Table
2) as a disposal expedient. After the 1946
disposal, beaches from the Zuniga jetty
to Silver Strand State Beach widened by
300 to 1,000 ft (Herron 1980).

The extent of beach widening due to
disposal of dredged material on beaches
can be seen from Figures 12 and 13.
Figure 12 shows the Hotel del Coronado
in 1926 with the 1,400 ft-long curving
groin. There was not a beach northwest
of the groin (bottom left in the figure)
with water up to the revetment. The beach
to the southeast was perhaps 100-150
ft wide. Figure 13 shows the Hotel del
Coronado in 2009. The beach northwest
(to the left in the figure) of the curving
groin extends to its tip. The 5,200-ft re-
vetment that was built between 1905 and
1908 is covered with sand and fronted
by a very wide beach. Figure 14 shows
the wide beach at the Silver Strand State
Beach. About 85% of'the dredged mate-
rial disposed on Coronado and Silver
Strand Beaches was placed 65-70 years

Shore & Beach ® Vol. 81, No.3 B Sum

Figure 10 (above). March
1905 view looking northwest
from the Hotel Del Coronado
(Kuhn and Shepard 1984).

Figure 11 (upper right).
Severe erosion in Mexico
believed to be due to the
cutoff of sediment from the
i Tijuana River (Kuhn and
Shepard 1984).

Figure 12 (lower right).
Hotel del Coronado in 1926
showing revetment without
a fronting beach (courtesy
San Diego Historical

| Society).

| Figure 13 (below). A 2009
| aerial view of the Hotel del
| Coronado, showing wide
| beach northeast of curved
| groin and extending to its
end and southeast beach
il about half the length of the
| groin.




Table 2. Sand placement on
Coronado and Silver Strand beaches

Date Placement location

1941 Coronado Beach

Quantity (millions
of cu.yd.)

2.2

1946 Coronado Beach to Silver Strand State Beach 26.0
1976 Coronado Beach to Silver Strand State Beach 3.5
1977 Coronado Beach to Silver Strand State Beach 1.1

1988 Silver Strand Beach
Source: Weigel 1994.

1.1

ago, but beaches still remain very wide
and stable and are a remarkable recre-
ation resource in San Diego.

Economic benefits

San Diego shares with the Santa
Monica Bay area the tourism advantage
of California being the number one tour-
ist destination in the U.S.; moreover,
San Diego was California’s leading
tourist destination in 2012 (San Diego
Business Journal 2012). Tourism is San
Diego’s third largest industry and its
leading industry in job growth the past
two years (San Diego Chamber of Com-
merce 2012). San Diego annually hosts
31 million visitors who produce an eco-
nomic impact of $17 billion (San Diego
2012). U.S. News and World Report (U.S.
News Travel 2012) ranks San Diego as
the fourth best U.S. travel destination
and says that “the beach is the marquee
attraction.”

Lessons learned

As was the case for Santa Monica Bay
beaches, Coronado and Silver Strand
Beaches were sediment-starved beaches
that became wide and stable beaches due
to sand placed on them as a disposal expe-
dient. They have remained wide for 65-70
years while updrift beaches at Imperial
Beach, which were not nourished, have
continuing significant erosion problems.
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Nourished beaches not only can remain
wide for long periods of time, but are
inviting enough for Coronado Beach to
be named America’s Best Beach in 2012.
Also like Santa Monica Bay beaches, it
is clear that the reduction in sediment
transport to the coast either through river
diversions or dams has had a significant
impact on beaches. But for the need
to dispose of large quantities of sand
resulting from construction projects and
dredging, the iconic beaches of southern
California would be narrow, sediment-
starved beaches. Nourishing beaches
helps to offset human activities that have
reduced the quantity of sand delivered to
coasts by rivers.

NEW JERSEY BEACH
NOURISHMENTS
Introduction

The state of New Jersey has 127
mi of shoreline on the Atlantic Ocean
(Figure 15). Caldwell (1966) performed
an analysis of sediment transport along
this coast using shoreline survey data
available from 1838 to 1953. He found a
nodal point in the vicinity of Mantoloking
(southern edge of Reach 4 in Figure 15)
with longshore sediment transport to the
south for locations south of Mantolok-
ing and to the north for locations to the
north (Figure 16). Ashley et al. (1986)
also determined a nodal point near this

location. The nodal point is not fixed,
moving along the nodal zone of zero net
transport shown in Figure 16. Caldwell
(1966) estimated a transport of 500,000
cu. yd./yr to the north along the entire
New Jersey coast. He estimated there
was no net transport to the south at Sandy
Hook (Reach 2); therefore the net trans-
port was 500,000 cu. yd./yr to the north
at Sandy Hook. At the ocean entrance to
Cape May Harbor near the extreme south
of the coastline (Reach 14), he estimated
that net transport was 200,000 cu. yd./yr
to the south. With a northern transport of
500,000 cu. yd./yr, this gave a transport
component of 700,000 cu. yd./yr to the
south.

Barrier islands make up about 80%
of the open ocean coast of New Jersey
with headlands making up the remaining
20%. Most of Monmouth County (Figure
16) is composed of headlands, which are
characterized by narrow beaches at the
base of eroding bluffs. These eroding
bluffs along with sand on beach faces
make up the sediment supply, since rivers
provide almost no sand to the coast (New
Jersey 1981). Prior to structures that
were built to counter shoreline erosion,
property records from the 17th century
in Monmouth County show that there
was up to 2,000 ft of shoreline retreat
of the bluffs since about 1650 (Coastal
Research Center 2012a). As the coast in
Monmouth County developed in the last
half of the 19th century, the bluffs were
armored with vertical walls and, later in
the 20th century, with rock revetments.
This armoring cut off sand supply to the
littoral system, leading to narrow beaches
(Coastal Research Center 2012a). South
of Monmouth County, inlets affect net
sand transport. Six of the 11 inlets are
confined between rock jetties, two have
one jetty or armored shorelines that fix
the inlet locations, and three have no
structures. These inlets and structures
have produced shoreline erosion at many
locations along the southern coast by
interrupting the littoral flow of sand.

From 1915 to 1921, three hurricanes
and four tropical storms battered New
Jersey. Millions of dollars were spent
on uncoordinated shore protection as
shoreline erosion problems worsened
(New Jersey 2013b). In 1922, the state
of New Jersey established an Engineer-
ing Advisory Board on Coastal Erosion
to investigate beach erosion in the state.
These investigations led in 1926 to
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formation of a Committee on Shoreline
Investigation under the auspices of the
National Research Council that made L
recommendations to New Jersey Gov.
A. Harry Moore. Subsequently in 1926,
Gov. Moore invited representatives of
coastal states of the Atlantic and Great
Lakes shoreline to meet in Asbury Park,
New Jersey, about beach problems. That
meeting was attended by 85 delegates,
who decided that a national organization
should be formed, leading to the forma-
tion of the American Shore and Beach
Preservation Association with J. Spencer
Smith from New Jersey as its first presi-
dent from 1926 to 1953 (ASBPA2013).

Erosion problems continued along
the New Jersey coast, and in 1971 ap-
proximately 82% ofthe shoreline of New
Jersey was classified as having critical
shore erosion, another 9% as non-critical
shore erosion, and only 9% as being
noneroding or stable (Psuty et al. 1996).
After a couple of years of study, in 1981
New Jersey published the New Jersey
Shore Protection Master Plan (New
Jersey 1981). In the 1980s, New Jersey
authorized creation of a shore protection
fund based on revenues collected from a
realty transfer fee and other sources with
an annual appropriation of $25 million to
cost-share projects with the federal and
local governments (New Jersey 2013c).
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Beach nourishment
Starting in 1989, the Corps of Engi-
neers began beach nourishment projects
cost-shared with the state of New Jersey
and local governments. Figure 17 shows
that about 43 million cu. yd. of sand were
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placed on New Jersey beaches from 1989
to the middle of 2012 by the Philadelphia
District of the Corps. Figure 17 does not
include about 25 million cu. yd. placed
from Sandy Hook to Manasquan Inlet
(Reaches 2-4 of Figure 15) by the New
York District. In addition, New Jersey
and local communities have placed about
13 million cu. yd. on New Jersey beaches.
Total nourishment has been about 81 mil-
lion cu. yd. at a cost of $602 million. This
sand was placed on about 54 mi of the
97 mi of developed shoreline of the total
shoreline length of 127 miles (Coastal
Research Center 2012b).

A major reason that much of the New
Jersey coast is in the status of approved
but not constructed is the inability of local
governments to obtain easements. In New
Jersey, the beachfront owner generally
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Figure 15 (above). The New Jersey
shore coastline divided into shoreline
reaches (New Jersey 1981).

Figure 16 (left). Net littoral drift
directions with nodal zone (New
Jersey 1981).

has title to the high-tide mark. Ease-
ments are typically needed to build the
high dunes necessary to prevent storm
flooding. There are many small towns
along the New Jersey coast, and they
have little leverage to obtain easements.
For example, in Harvey Cedars (on Long
Beach Island near the northern border
of coastal Reach 7 in Figure 15) a court
ordered the town of 340 people to pay
one beachfront homeowner $375,000
because the out-of-town owner said the
new 22-foot-high protective dune ruined
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Figure 17. Millions of cu. yds of sand placed by the Corps of Engineers, Philadelphia District, from 1988 to 2012 in
cost-sharing beach nourishment projects in New Jersey (U.S. Army Corps of Engineers 2012b).

his view of the ocean, thus decreasing the
value of his property. Similar payments
would cost the Long Beach Township $45
million for easements. Seaside Heights
(middle of Reach 6), rejected high dunes
because it was believed the dunes would
hurt tourism if visitors could not see the
beach unobstructed from the boardwalk
(Asbury Park Press 2012). In the 1980s
and 1990s, the state of New Jersey tried
to create a state coastal commission with
powers to plan and engineer shore pro-

(Coastal Research Center 2012c).
Page 12

tection for the entire coastline, but there
was local opposition based on the belief
that such a commission would regulate
growth and usurp local control.

Sandy Hook to Manasquan Inlet
(Reaches 2-4) covers 21 miles of the New
Jersey shoreline and was the largest beach
nourishment project ever undertaken by
the Corps of Engineers with an initial
nourishment of about 25 million cu. yd.
(U.S. Army Corps of Engineers 2012c).
Beaches along the project area were

often severely eroded with no beach at
high tide. There were some gaps in the
project where no sand was placed on
the beaches (Loch Arbor, Allenhurst,
Deal, and Elberon — about the middle
or Reach 3) because these communities
would or could not provide the neces-
sary real estate easements from owners.
Opponents claimed that the nourishment
would last 3-5 years at most (Coastal
Research Center 2012c). Dery Bennett,
at the time president of the American Lit-

Figure 18. Shrewsbury Way, Sea Bright. Left photo was taken in November 1995 and right photo in November 2011

Shore & Beach B Vol. 81, No.3 B Summer 2013



toral Society, predicted the beach at Sea
Bright (about middle of Reach 2) would
wash back into the ocean within a year
(Washington Post 1999). Figure 18 shows
there was no beach at Shrewsbury Way,
Sea Bright (about middle of Reach 2), in
1995, but in 2011 there was a wide beach.
Figure 19 shows profiles in 1995 (just
before nourishment in 1996) and 2011
with the beach in 2011 being over 400 ft
wide (Coastal Research Center 2012c).

The Coastal Research Center (2012¢)
noted that in contrast to dire predictions
that the nourishment would quickly wash
out to sea: “The surveys support a far
different result with sites like McCabe
Avenue in Bradley Beach (103% of
placed volume) (Reach 3) and Brighton
Avenue in Spring Lake (135% of placed
volume) (Reach 4) 12 years after the
project without any further maintenance.
Many sites, especially, between Asbury
Park and Manasquan Inlet (Reaches 3 and
4) have trends in sand volume over 100%
of the sand volume initially placed.” As
a result, Figure 16 in Coastal Research
Center (2012c) shows that the average
gain in shoreline width for the 25-year
period from 1986 through 2011 was about
160 ft for open ocean beaches within the
project. In contrast, the beaches of Loch
Arbor, Allenhurst, Deal, and Elberon
Ocean, which were not part of the proj-
ect, have narrower beaches than in 1986.
Ocean, Atlantic, and Cape May Countics
(Figure 16) have similar results of wider
beaches since 1986 in areas that were
nourished. The entire 127 mi of ocean
beach, only 54 mi of which has been
nourished, increased in width by an av-
erage of about 100 ft from 1986 through
2011 (Coastal Research Center 2012b).

Storm damage reduction

The Corps of Engineers shote protec-
tion projects in New Jersey are justified
on storm damage reduction benefits. Hur-
ricane Sandy was a good test of the effec-
tiveness of beach nourishment, including
building of protective dunes, in reducing
storm damage. Sandy’s eye came ashore
just southeast of Atlantic City.

New Jersey Gov. Chris Christie said:
“If you look at the towns that have had
engineered beaches, up and down the
state, those are the towns whose damage
was minimal. Other towns that didn’t, the
damage was much greater. [ think that’s
a lesson for us as we move forward.”
(New Jersey Star-Ledger 2012a). U.S.
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Figure 19. Shrewsbury Way, Sea Bright. Beach is over 400 ft wider than prior
to nourishment (Coastal Research Center 2012c).

Figure 20. Brant Beach, which was protected by beach nourishment. Left
photograph taken 10 September 2012, pre-Sandy, and right 1 November 2012,
post-Sandy. The park bench is the same and remained in its original position
(Coastal Research Center 2012d).
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Figure 21. Before and after Hurricane Sandy
(courtesy Google and NOAA).
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Figure 22. Before and after Hurricane Sandy aerials of Ortley Beach, New

Jersey (Courtesy Google and NOAA).
Sen. Robert Menendez of New Jersey,
referring to Corps of Engineers project
areas versus areas without nourished
beaches, said: “The Army Corps beaches
we had saw very little consequence to
property and lives. Where we did not, we
saw terrible consequences” (New Jersey
Star-Ledger 2013).

There were many other anecdotal
observations that beach nourishment
projects greatly reduced storm damage.
However, there also were observations by
experts. A leading expert was Dr. Stewart
Farrell, director of Stockton College’s
Coastal Research Center, who has been
making measurements of New Jersey
shoreline position for 25 years. Dr. Farrell
reported: “Places with recently beefed-up
beaches saw comparatively little damage.
It really, really works. Where there was a
federal beach fill in place, there was no
major damage — no homes destroyed,
no sand piles in the streets. Where there
was no beach fill, water broke through
the dunes.” (Associated Press, 2012).
An analysis of damage on Long Beach
Island (LBI) noted: “It became perfectly
clear that the ACOE (Army Corps of
Engineers) shore protection design was
sufficient to preclude structural dam-
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age along the extent of the LBI coastal
shoreline where it had been completed.”
(Coastal Research Center 2012d).

The New Jersey Star-Ledger (2012b)
reported that at locations on LBI where
there was no beach nourishment, such
as Holgate on the southern tip of LBI,
... the destruction was complete. Older
homes were ripped from foundations
and tossed about as the ocean met the
bay. ‘Devastating,” said Matt Reitinger,
a 26-year-old Brant Beach resident who
biked and walked 6 miles to see the dam-
age in Holgate. ‘It’s a complete war zone
down here.”” Reitinger’s home at Brant
Beach was protected by a recent beach
nourishment and was not damaged. Fig-
ure 20 shows before and after Hurricane
Sandy pictures of Brant Beach. Coastal
Research Center (2012d) reported:
“Brant Beach was the most recent seg-
ment of LBI to receive the Army Corps
beach replenishment project completed
in early 2012. This site showed similar
results as seen in Harvey Cedars and Surf
City where the dune and beach took the
impact with losses to the beach width and
elevation and erosion to the seaward dune
slope. No overwash or wave damage
was observed.” “In Harvey Cedars, no

homes were lost, even though the 1962
storm destroyed half of the municipality.”
(New Jersey Star-Ledger 2012¢). Harvey
Cedars was protected by a beach nourish-
ment project before Hurricane Sandy, but
not before the 1962 storm.

Further north, at Belmar, New Jersey,
which was protected by a Corps of En-
gineers beach nourishment project, there
was little damage (Figure 21). There
was heavy damage about 15 miles to
the south, at Ortley Beach, New Jersey
(Figures 22 and 23), which did not have
a beach nourishment project. Figure 24
shows before and after photographs of
Shrewsbury Way, Sea Bright, the same
location seen in Figures 18 and 19. There
was little damage with the beach losing
about 75 feet of its 400-ft width during
Hurricane Sandy, but the sand appears
to be just offshore and is expected to
largely return. The average loss of beach
in New Jersey during Hurricane Sandy
was only 30-40 ft, and much of this may
return. Nourished beaches were typically
hundreds of feet wide, so most of the
sand remains, protecting against future
storms and attracting tourists (Associated
Press 2012).

Economic benefits

Tourism is a major industry in New
Jersey with 80 million tourists spend-
ing $40 billion in 2012. About 1 in 10
jobs in New Jersey supports the travel
and tourism industry. Tourism generates
$4.5 billion in New Jersey state and local
taxes and $5.1 billion in federal taxes.
In the absence of state and local taxes,
each New Jersey household would need
to pay $1,380 to maintain governmental
revenues. About 68% of visitors were
from out of state and another 9% were
international tourists. Therefore, interna-
tional tourists spent about $3.4 billion in
New Jersey in 2011 (New Jersey 2012,
New Jersey 2013a).

Beaches are significant tourist attrac-
tions. Figure 25 shows a heavily used
New Jersey beach. Over 70% of tourist
spending is in the coastal counties shown
in Figure 16 (New Jersey 2012). Cape
May County is a typical example of the
importance of beach tourism. Of the 19
million visitors to Cape May County an-
nually, 89% of visitors come to enjoy the
beach. Beach tourism produces 48% of
economic activity in Cape May County
and generates $460 million in federal
taxes (Cape May County 2012). Klein ef
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al. (2004) show that New Jersey beach
tourists spend $40 annually for each $1
invested in beach nourishment by the
federal, state, and local governments.

Lessons learned

Wide beaches and high dunes sig-
nificantly reduce damage from storms
including hurricanes. Hurricane Sandy
caused $36.8 billion in damage in New
Jersey, mostly in the coastal areas of
Monmouth and Ocean Counties, destroy-
ing 30,000 homes and businesses (Philly.
com 2012). However, those areas protect-
ed by beach nourishment sustained much
less damage. A prime example is Long
Beach Township, New Jersey (Reach 7).
Long Beach Township Mayorl, Joseph
Mancini said that, of the estimated $750
million in damages to the township,
three-quarters of it was from hurricane
surge. He said had a beach nourishment
project been in place, which had been
on hold for more than a decade because
of problems obtaining easements, dam-
age would have been reduced by about
$500 million (New Jersey Star-Ledger
2012¢). One section of the township,
Brant Beach, had been nourished and
sustained minimal damage (Figure 20).

Not only are there costs to rebuild
houses and infrastructure, there will be
long periods without tourist income in
badly damaged areas, whereas areas
protected by nourished beaches rapidly
opened for business. For example, de-
spite the eye of Hurricane Sandy coming
ashore just to the southeast of Atlantic
City, Atlantic City was protected against
significant storm damage by its nourished
beaches, and casinos were up and running
in 4-5 days (USA Today 2013). Cape
May County has been advertising that
its nourished beaches and supporting in-
frastructure are open for business (Philly.
com 2012). Beach nourishment protected
Ocean City, New Jersey, from significant
damage, and city leaders called a media
event on 18 December on the Ocean City
Boardwalk, which had received “very
little damage,” to showcase that Ocean
City is “recovered, restored and ready for
your visit” (Ocean City Gazette 2012).

The reduction in Hurricane Sandy
damage due to beach nourishment proj-
ects being in place can be estimated using
damage figures. Long Beach Township
Mayor Joseph Mancini estimated that had
there been a beach nourishment project at
the township, the township would have

g o~ 2
* b

5

2012d).

d P s o L
Ty e
ra o

Figure 23 (above). Destruction at Ortley Beach, (New Jersey Star-Ledger

Figure 24 (below). Shrewsbury Way, Sea Bright. Same beach as Figures 18
and 19. Left is before Hurricane Sandy on 28 March 2012, and right is after

Hurricane Sandy on 2
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sustained only about a third of the dam-
ages it did. Assuming the same reduction
in damages at all shoreline locations that
had beach nourishment and with about
half the developed shoreline protected
by beach nourishment, shorelines with-
out beach nourishment sustained about
three times the loss as those protected
by beach nourishment. Therefore of the
$36.8 billion in damages, roughly $27.6
billion was at locations without beach
nourishment and $9.2 billion was at loca-
tions with beach nourishment protection.
Had the nourishment not been in place,
the damage would have been $27.6 bil-
lion - $9.2 billion = $18.4 billion greater.
This does not include loss of a portion of
tourist spending of $40 billion annually,
including $22 billion in the four coastal
counties (New Jersey 2013a). Coastal
locations such as Atlantic City that were
protected by beach nourishment were
back in operation in days or a few weeks.
However, the half of the coast without
beach nourishment was heavily damaged
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and some portion of the $11 billion spent
by tourists at these coastal locations may
not be spent in 2013. Moreover, with
beaches typically hundreds of feet wide
prior to Hurricane Sandy and average
beach erosion during Sandy of only 30-
40 ft, most of the sand placed on beaches
remains to continue to protect against
future storms and attract tourists.

The primary reason that beaches were
not nourished prior to Hurricane Sandy,
even though projects were authorized,
was the need for easements to build
dunes. It is clear that some have learned
a hard lesson from Hurricane Sandy.
The New Jersey Star-Ledger (2012¢)
reported: “Long Beach Township Mayor
Joseph Mancini said he has no choice
but to get tough with residents who he
contends are partially responsible for the
devastation wrought by Hurricane Sandy.
Mancini says he’s enforcing a 2-year-
old revised ordinance that makes these
‘holdouts’ responsible for maintenance of
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‘Figure 25. A busy day at Jenkin

their dunes, which protect all residents.
So for those oceanfront homeowners
who haven’t signed easements to allow
for beach nourishment projects on their
property, they will have to pay tens of
thousands of dollars to have an engineer
design and build the dunes with the
township’s approval before they can get
a permit to rebuild their homes. ‘We’re
playing hardball, yeah, absolutely,” Man-
cini said. ‘We have the ordinance. We’ve
never enforced it to date. But, obviously,
we have to now,’ he said.”

FLORIDA’S BEACH PROGRAM
Introduction

Florida’s beaches, with their warm
clean waters and generally mild waves
are recognized as a national and interna-
tional recreational asset. These beaches
serve as an economic engine, drawing
many visitors to the state, thus contribut-
ing substantially to the tourist industry.
Commencing in the 1970s, in response
to concerns over inappropriate coastal
development, the Florida Legislature
developed provisions to ensure that the
beach resources would be maintained and
available for future generations. In ad-
dition to construction regulations, these
provisions included the recognition of
the value of beach nourishment through
monitoring and state cost participation.
The earliest large nourishment projects
commenced in the mid-1970s with the
construction of the Jupiter Island, Delray
Beach, and Miami Beach projects, two
of which are reviewed separately in this
paper in greater detail. The overall suc-
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cess of the state’s 62 beach nourishment
projects is underscored by the facts that
first, many of the beachgoers don’t real-
ize that the beaches are nourished and,
secondly, all of the beaches that have
been selected for nourishment have been
renourished when considered appropri-
ate, resulting in beaches that are wider
than when the state awareness occurred
about 35 yrs ago.

Beach nourishment performance

Fortunately, the state of Florida has
developed a unique database tracking
the condition of the beaches, including
shoreline positions extending back some
140 yrs and more limited profile data.
Absalonsen and Dean (2010, 2011) have
analyzed this extensive shoreline position
data set that is organized on a county-
by-county basis (there are 24 coastal
counties). Further detail describing the
data is available in Absalonsen and Dean
(2011) and onlione at http://nsgl.gso.uri.
edu/flsgp/flsgpm 10001.pdf .

The analysis determined the average
shoreline change rates for three different
periods: (1) prior to large scale beach
nourishment (about 1970); (2) since
beach nourishment; and (3) all of the
data. The results for the east and west
coasts (each about 360 mi) are discussed
following.

The methods applied by Absalonsen
and Dean do not allow direct quantifica-
tion of the sediment volumes remaining
due to nourishment. However, as of
2010, the average shorelines gained

approximately 44 and 27 ft due to the
nourishments on the east and west
coasts, respectively. During the second
(nourishment) period, the Program for
the Study of Developed Shorelines
(http://beachnourishment.wcu.edu/)
indicates that 132.0 and 91.4 million cu.
yd. of beach nourishment were placed
on the east and west coast shorelines,
respectively. Calculations were carried
out to estimate volume changes based
on shoreline changes. These resulted in
the approximate percentages of nourish-
ment sediment volume remaining on the
beaches: East coast 55% and west coast
40%. The shoreline position data base has
also been analyzed to examine patterns
of beach erosion. Inlets which have been
improved for navigation are responsible
for approximately 80-85% of erosion
on the east coast of Florida (Dean ef al.
1988) with lesser effects on the west
coast. Prior to 1986 when legislation was
passed requiring improved sand manage-
ment practices at inlets, much of the sand
dredged for navigational channel main-
tenance was placed seaward of the depth
zone at which waves could transport the
sand back into the active system.

Many “before” and “after” photo-
graphs exist providing qualitative tes-
timony of the performance of Florida’s
beach nourishment program. In addition
to those presented elsewhere in this report
for Delray and Miami Beaches, four sets
are presented below. Figure 26 presents
the approximate locations of the Florida
beach nourishment projects highlighted
in this paper. The first set is for Jackson-
ville/Atlantic Beaches, Florida, where
the deepened navigational entrance at
St. Johns River has interrupted the net
southerly sediment transport. The ero-
sion conditions in the mid-1960s and
1970s were severe as shown in Figure 27.
Figure 28 presents three photographs at
the same location with the last in March
2010. To date, more than 13 million cu.
yd. have been placed as nourishment
south of the St. Johns River entrance.
The estimated net longshore sediment
transport in the area is southward at ap-
proximately 500,000 cu. yd./yr (Dean and
O’Brien 1987). Thus the nourishment is
equivalent to approximately 26 years and
is considerably less that the impact of the
entrance since the mid-1970s based on
this net transport.

Figure 29 presents before and after
nourishment photographs at Fort My-
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ers Beach in Lee County, Florida, and
Figure 30 shows similar photographs in
Lee County for Captiva Island, Florida.
Finally, Figure 31 presents before and af-
ter nourishment photographs in Brevard
County. It is clear that prior to nourish-
ment, the suitability of these beaches for
recreation and turtle nesting activity was
severely limited.

Environmental benefits of
beach nourishment in Florida
Florida’s beaches also provide valu-
able sea turtle nesting habitat as wili
be discussed further in the section de-
scribing the Delray Beach nourishment
project. Along the Florida beaches, log-
gerhead turtles are the most dominant
species followed by greens followed by
leatherbacks — Loggerheads are on the
threatened list in the U.S. and greens
and leatherbacks on the endangered list.
Beginning in 1989, the Florida Fish and
Wildlife Research Institute started a pro-
gram of monitoring so-called “core index
beaches” for sea turtle nesting. These
index beaches comprise approximately
200 mi of the nesting beaches of Florida
and include approximately 69% of known
loggerhead nests, 74% of green nests, and
34% of leatherback nests (http:/myfwc.
com/research/wildlife/sea-turtles/nest-
- ing/beach-survey-totals/). Figures 32,
33, and 34 show the annual numbers of
nests for each of the three species. Log-
gerhead nests have varied between about
30,000 and 60,000 nests per year. A total
of 60,000 nests (loggerheads) over 200
mi represents an average of 300 nests
per mi, or a nest every 18 fi. The number
of nests has been reasonably consistent
except for a reduced number during the
decade 2000 through 2009. Witherington
et al. (2009) have examined possible
causes of this decline and determined
that fisheries including long lining are the
most probable cause followed by food re-
source decline and disease. Green turtles
exhibit an interesting biennial pattern
of nest numbers. Overall, it is clear that
during the period of record (1989-2012),
the numbers of all three species have
not been adversely affected by beach
nourishment. During the 23-yr petiod
represented by the monitoring, the num-
bers of green and leatherback nests have
increased by factors of approximately 7
and 10, respectively and the numbers of
loggerhead nests has remained reason-
ably constant.
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Figure 26. Locations of Florida beach
nourishment projects highlighted.
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Figure 29. Before and after nourishment photographs for Fort Myefs. Beach nourishment completed in late 2011

(courtesy of Steve Boutelle, Lee County).

this percentage is true in 2011 and us-
ing tourism statistics from VisitFlorida
(2012), in 2011 more than 33 million
beach tourists visited Florida, spent
more than $25 billion, paid more than
$1.5 billion in sales taxes, and supported
392,000 jobs. Since Florida appropriated
$16 million for beach nourishment in
2011(Tampa Bay Times 2011), for each
$1 appropriated for beach nourishment,
it received about $1560 in beach tourist
spending and $94 in sales taxes. The state
maintains 160 parks, and the top five
state parks visited in 2010 were beach
parks. William Stronge, chair emeritus in
economics, Florida Atlantic University,
noted that “Florida beaches, the biggest
attraction to out-of-state tourists, are
playing a critical role in helping the state
pull out of the most severe recession since
the 1930s” (Florida Shore and Beach
Preservation Association 2011).

Lessons learned
Several components of Florida’s
comprehensive beach management
program are essential. These include
solidly established recognition of the

services provided by the beaches, which
can include recreation, economic, envi-
ronmental, and storm damage reduction;
and realizing that different areas will
provide various degrees of the individual
services. Dissemination of this informa-
tion to legislators and the general popu-
lation to ensure their financial and other
support is critical. This dissemination
must be conducted in a near-continuous
mode as legislators change and have
other pressing problems and the general
public can tend to consider the beach
resource as a “given” which does not
need maintenance. Monitoring nour-
ished and non-nourished beaches will
establish the need for nourishment and
the performance of nourishment projects,
including the various service components
listed above. Developing an understand-
ing of the non-nourished beach system
including erosion causes and rates will
aid in planning future nourishment needs
and in identifying appropriate corrective
actions. Developing and maintaining a
running history of the beaches will pro-
vide rationale to legislators for significant
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Figure 30. Before and after nourishment photographs for Captiva Island (courtesy of John Bralove).

beach-related decisions, quantification of
the benefits of the program, and education
at all levels of the general public.

DELRAY BEACH, FLORIDA
Nourishment project

The city of Delray Beach is located
on the southeast coast of Florida ap-
proximately 40 mi north of Miami Beach
(Figure 26). In 1899 the Gleason family,
which owned the oceanfront, dedicated
it to the public. In the 1920s, the natural
dunes were leveled as the coast became
developed (Delray Beach 2012a). Cur-
rently 51% of the beach frontage consists
of public parks.

In the late 1960s the shoreline had
eroded and was quite narrow resulting
in frequent damage to a coastal highway
(Figure 35), which also served as a hurri-
cane evacuation route. In response to this
erosion, the city constructed both stone
revetments and an interlocking concrete
revetment. The interlocking revetment
was damaged by waves on several occa-
sions (Figure 36), resulting in a decision
to construct a beach nourishment project,
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an approach which at that time, had not
been tested thoroughly in Florida. Based
on Figure 36, it is evident that at that time
the recreational attraction of this beach
was limited, as was its suitability for sea
turtle nesting habitat.

The first city of Delray Beach nourish-
ment project was constructed in July of
1973 along 2.7 mi of shoreline (Figure
37). The sand was dredged from offshore
and was considerably finer than the native
sand. The immediate post-construction
surveys showed an average mean high
water beach widening of 260 ft but the
beach equilibrated to about half that
width within the first few years. The
1973 project placed approximately 1.6
million cu. yd. of material, of which 0.5
million cu. yd. had eroded by 1977. In
1974, dune vegetation was planted to
augment the beach nourishment project
and to assist in reducing the losses due to
wind blowing fine sand across the coastal
road and covering the adjacent lawns.
Figure 38 shows wide dunes covering
the interlocking concrete revetment after
nourishment.

Delray Beach acts as a “feeder beach”
— that is, sand placed on this beach
spreads out and flows to neighboring
beaches, thereby nourishing them.
Beachler and Mann (1996) analyzed
monitoring surveys from 1974 to 1992
at Delray Beach and determined that of
the 4.6 million cu. yd. placed up to that
time, 2.0 million cu. yd. had been “lost”
from the project limits and that significant
quantities of sand had accumulated both
north and south of the project limits.
Analyses concluded that 85% of the
volume lost from the project area could
be accounted for by deposition north
and south of the project area. The annual
storm damage reduction and recreational
benefits to the city of Delray Beach and
adjacent communities were $10.2 mil-
lion, resulting in an annual benefit/cost
ratio of 10.4.

As 0f 2012, a total of more than 6.25
million cu. yd. of sand has been placed on
Delray Beach over a period of 39 years as
aresult of five beach nourishments (1973,
1978, 1984, 1992, and 2002) with more
than half of this amount remaining within
the project area in 2009. A relatively
small storm damage repair was also con-
structed in 2005 (250,000 cu. yd.) follow-
ing a series of hurricanes that impacted
Florida during the 2004-2005 hurricane

Figure 31. Before and after nourishment photographs for Brevard County
(before photo courtesy of Olsen Associates Inc.; after photo courtesy of
Paula Berntson, Brevard County Natural Resources Management Office).
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Figure 32 (left top). Number of
loggerhead turtle nests on Florida
Core Index Beaches (Florida Fish and
Wildlife Conservation Commission
2012).

Figure 33 (left middle). Number of
green turtle nests on Florida Core
Index Beaches (Florida Fish and
Wildlife Conservation Commission
2012).

Figure 34 (left bottom). Number of
leatherback turtle nests on Florida
Core Index Beaches (Florida Fish and
Wildlife Conservation Commission
2012).

seasons. The Delray Beach Fifth Periodic
Beach Renourishment Project was initi-
ated in February 2013. That project will
place approximately 1,208,000 cu. yd. of
fill on the beach along a distance of about
1.9 mi. Figure 39 presents a 2011 Google
aerial of the central area of the Delray
Beach project — the beach width in this
area is approximately 300 ft.

The annual monitoring of Delray
Beach project and its simple setting of
nourishment on a long straight beach
provides a basis for testing various
predictive models. Figure 40 presents
the history of measured volume changes
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Figure 35. Emergency dumping
of riprap to protect a coastal
highway at Delray Beach |
threatened by erosion during |
storms (courtesy of Coastal
Planning and Engineering Inc.). =

Figure 36. Damaged interlocking [
concrete revetment. Photograph
from the early 1970s (courtesy of

Robert G. Dean). [=

Figure 37 (above). Delray Beach before and after beach nourishment in 1973
(courtesy of Coastal Planning and Engineering, Inc.).

Figure 38 (below). Delray Beach revetment after beach nourishment (Federal
Highway Administration 2012).

within the project area and also presents a
comparison of the measured and calculat-
ed volume changes remaining within the
project area. The calculations are based
on the method of Pelnard-Considére
(1956), and results are presented for a
longshore diffusivity, G (proportional to
wave height to the 2.5 power), with a val-
ue of 0.06 ft¥/s. It is seen that at times the
calculated volumes remaining are greater
than the measurements and at other times
less. This is due to the calculations based
on a single “representative” wave height
whereas in nature, some years are more
“stormy” than others (the actual G values
vary with time). Comparisons such as this
provide an effective basis for calculating
performance of future projects. The time
between renourishments has increased
from 5 years to 10 years (except for the
relatively small hurricane repair in 2005).
Additionally, as is evident in Figure
39, the additional sand volume within
the project area has increased from 1.6
million cu. yd. in 1973 to 3.8 million
cu. yd. in 2009. The increase in nourish-
ment interval with increasing time can be
explained by the reduction of spreading
losses as the earlier projects in effect
produce a longer project and thus slow
sand transport from the project area.

In addition to the increase in beach-
width benefits noted above, there were
substantial benefits to the nesting sea
turtles. Monitoring has shown that on an
average basis, there are approximately
200 nests annually on this nourished
beach (versus essentially zero during
the early 1970s when the beach was as
seen in Figures 35 and 36). Nourishment
events usually suppress the sca turtle
nesting density for several years followed
by a return to normal levels as shown in
Figure 41.

Economic benefits

Tourism is Florida’s largest industry,
and tourism at Delray Beach is a small
part of the industry. Delray Beach along
with a neighboring city beach receive
1.5 million visitors per year with about
42% of the visitors from out of state
or international visitors (Delray Beach
2012b, Murley et al. 2003). In 1995
Delray Beach completed an analysis
of the economic impacts of the beach
nourishment project addressing enhanced
property values, and resident and tour-
ist spending. It found that the project
increased values in Delray Beach and
surrounding communities by $228.8 mil-
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lion (a 15%-20% in increase in property
values, Beachler and Mann 1996) and
produced an additional $152.8 million
in annual expenditures throughout the
state as a result of the increased property
values. The project produced $4.2 million
in annual ad valorem taxes and $45.4
million in annual tourist spending. The
state of Florida received an additional
$1.3 million in state revenues from tourist
spending with 5,444 jobs created annu-
ally throughout the state and a payroll of
$144.3 million (Delray Beach 2012c).

Delray Beach was selected as one of
the 2002 American Coastal Coalition Top
Restored Beaches Awards. The awards
committee selecting Delray Beach cited
the long-term success and economic
benefits that have resulted from the city’s
beach nourishment and maintenance
program. Delray Beach was named in
2012 by USA and Rand McNally as the
“Most Fun Small Town” in America (Fig-
ure 42) (PalmBeachTourismNews.Com
2012), an indication of the importance
of beaches to tourism and the quality of
life. It is one of the 10 Florida locations
nominated for the 2013 USAToday “Best
Beach Town in Florida” Award (USA
Today 2012).

Lessons learned

Dean (2002) showed that [ateral
spreading of sand is a function of beach
nourishment length with the greater the
nourishment length the slower the lateral
loss of sand. The lateral sand motion ben-
efits adjacent beaches, but causes a loss
in benefits at the location of the original
nourishment. There are often small adja-
cent towns on coastlines. If these towns
do not join together, it reduces the incen-
tive for one of them to nourish its beaches
and have some of the benefits flow to ad-
Jjacent towns that did not share in the cost.
However, as the sand spreads laterally, in
effect, the beach fill lengthens, and thus
lateral losses slow. This is seen for Delray
Beach where the time between renourish-
ments has increased from 5 years to 10
years and there has been an increase in
the sand volume within the project area
from 1.6 million cu. yd. in 1973 to 3.8
million cu. yd. in 2009.

MIAMI BEACH
Introduction
The barrier island on which Miami
Beach is located began as shallow reefs on
which mangrove trees grew and trapped
sediments and over time formed low

o I:Qh'
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Figure 39. Central portion of Deiray Beach Nourishment Project, 2011.
Compare with same approximate location in Figure 36 (courtesy of Google

Earth).
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Figure 40. Delray Beach Nourishment Project. Comparison of measured

(dots) and calculated (dashed Line) volume remaining within the Project
area. Longshore diffusivity, G = 0.06 ft¥/sec, and background erosion of 1
ft/yr considered.
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islands (Wiegel 1992). It was acquired
by John Collins and Thomas Pancoast in
1913, and they began clearing the man-
grove forest (Figure 43) and building up
parts of the land using dredges. In 1913
they built a wooden bridge from Miami
to Miami Beach, providing good access.
Hotels were built, and during the Roaring
Twenties Miami Beach became a tourist
resort and prospered with the construc-
tion of resort hotels (Figure 44) (Miami
Beach Historical Association 2012). The
Miami Beach peninsula became an island
in April 1925 when Baker’s Haulover
Inlet was opened (Figure 45).

Miami Beach was hit in 1926 by the
most severe hurricane since records had
been kept. Water swept over the island
with sand transported up to 1,000 ft in-
land, covering city streets up to 3 ft. This
destruction, collapse of a land boom in
Florida, and arrival of the Depression put
a temporary end to Miami Beach’s great
prospetrity. However, in the 1930s, Miami
Beach continued to attract tourists with
mostly small hotels and rooming houses
built for seasonal rental in the style of
“Art Deco.” These buildings still make
up the famous historic district in Miami
Beach.

Cutting mangrove trees that covered
the island, dredging, and building the
north jetty at Government Cut and south
jetty at Baker’s Haulover Inlet (Figure
45) created sandy beaches, which were
the major tourist attraction of Miami
Beach (Wiegel 1992). As mentioned
earlier, the state of Florida has a database
of shoreline position at monuments in
24 Florida counties with sandy beaches.
One shoreline position monument is
at a location about 2.4 miles south of
Baker’s Haulover [nlet. Absalonsen and
Dean (2011) show data starting in 1867
of shoreline position at the monument.
From 1867 to 1920 the shoreline position
moved seaward about 160 ft, creating
attractive, sandy beaches. However, the
1926 hurricane reduced shoreline width
by about 100 ft. This led to construction
over decades of almost 50,000 ft of sea-
walls along the island, with almost half
of the locations having little to no beach
in front of the seawalls (Wiegel 1992).
Beach width began recovering after the
1926 hurricane, and by the early 1960s
the beach width at the monument was
about 25 ft wider than it was pre-hurri-
cane. However, with the growing popu-
larity of swimming pools at resort hotels
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Figure 42.
Delray Beach
— “Most Fun
Small Town in
America.”

€®USA TODAY

Figure 43. Mangrove tree clearing at
Miami Beach (courtesy Florida State
Archives).

Figure 44. Wofford Breakers Hotel,
about mid-island, Miami Beach, 1924

and the widening beaches, hotel owners
received permission after World War II
to construct new bulkheads as much as
75 ft seaward of existing ones, in many
instances seaward of the existing Mean
High Water (MHW) line (Wiegel 1992).
Figure 46 shows the Deauville and Ca-
rillon Hotels, located less than a mile
south of the monument with bulkheads
seaward of MHW.

From the early 1960s to early 1970s,
the shoreline width at the monument de-
creased about 50 fi, and beaches at many
locations were completely gone. During
this time, attendance at Miami Beach
hotels plummeted. Tourists lost interest
in going to beach resorts at Miami Beach
that were without beaches. By 1977,
Time magazine (1977) said: “So rapidly
has the seven-mile-long island degener-
ated that it can be fairly described as a
seedy backwater of debt-ridden hotels.”
The world-famous Fontainebleau Hotel,
which had been featured in movies and

TV series, declared bankruptcy in 1977.
In 1977 newly-elected Miami Beach
Mayor Neisen Kasdin said: “Business
was so bad in Miami Beach [ was happy
just to see prostitutes.” (New York Times
2009).

Beach nourishment

To restore Miami Beach from its
blight, the city decided the beach had to
be nourished. Working with the Corps
of Engineers, they developed the Dade
County, Florida, Beach Erosion Control
and Hurricane Protection Project, to
place 13.9 million cu. yd. of sand along
1.2 miles of coastline at Haulover Beach
Park north of Baker’s Haulover Inlet and
9.3 miles of coastline from the inlet to
Government Cut including the cities of
Bal Harbour, Surfside, and Miami Beach.
The Corps estimated annual benefits and
costs of as much as $18 million and $2.78
million respectively, and a benefit/cost
ratio as high as 6.5. The federal govern-
ment’s share of the annual cost of $2.78
million was $1.6 million. Importantly,
$16.4 million of the annual benefits were
recreation benefits with the remainder
of benefits totaling only $0.9 million for
prevention of damage to existing erosion
control structures, $0.5 million for hur-
ricane protection, and $0.2 million for
enhancement of property values (Wiegel
1992). Hurricane protection benefits were
low because the island is low-lying (el-
evations of 5-10 ft above Mean Low Wa-
ter— MLW) and the project did not stop
hurricane flooding from Biscayne Bay,
which is landward of the island. Current
government policies restrict the Corps
from counting recreation benefits that
account for 50% or more of the benefits,
so the project could not be built today.

The project was constructed in five
phases starting in May 1977 and com-
pleted in January 1982 at a cost of $51
million (Wiegel 1992). The fill was
mostly calcium carbonate sand dredged
from nearby offshore deposits and
pumped by pipeline to the beach. Figure
47 shows before- and after-nourishment
aerial photographs of a section of Mi-
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ami Beach. The curved building is the
Fontainebleau Hotel. Figure 48 shows
that there has been little change in beach
width at the location of the Fontainebleau
Hotel in recent years from 1995 to 2011.

The Corps of Engineers estimated
the Miami Beach project could be main-
tained with average annual renourish-
ment of 211,000 cu. yd. (about 1.5% of
the initial volume placed). The Corps’
General Design Memorandum refers to
a University of Florida estimate of long-
shore transport of 187,000 cu. yd./yr to
the north, 422,000 cu. yd./yr to the south,
and a net transport of 235,000 cu. yd./yr
to the south (Wiegel 1992). Eight years
after completion, the renourishment rate
was only about 90,000 cu. yd./yr (Wiegel
1992). From 2007 to 2012, the renourish-
ment rate has been about 130,000 cu. yd./
yr (Coastal Systems International 2012;
Miami Beach 2012a), or an annual rate
less than 1% of the original fill volume.
Both the north jetty at Government Cut
and south jetty at Baker’s Haulover Inlet
have been “sand tightened” a couple of
times to reduce sediment transmission
through them. Wiegel (1992) says that
these structures help reduce sediment
loss by creating an approximation to a
pocket beach between Government Cut
and Baker’s Haulover Inlet.

Economic benefits

Beach nourishment completely reju-
venated Miami Beach. As a requirement
for federal participation, the beaches had
to be made easily accessible to the public
with parking and beach access locations.
Beach attendance, based on lifeguard
counts and aerial surveys, increased
dramatically from 8 million in 1978 to
21 million in 1983 (Wiegel 1992). Just
after completion of the beach nourish-
ment in 1983, Miami Beach had close to
twice as many tourist visits as the current
combined number of tourist visits to Yel-
lowstone (3.3 million), the Grand Canyon
(4.2 million), and Yosemite (4.0 million),
making it one of the busiest beaches in
the world (Figure 49) (National Park
Service 2012). Klein and Osleeb (2010)
determined that tourism earnings at Mi-
ami Beach increased 56% the year after
completion of the beach nourishment
project. This one-year increase in tourism
income of $290 million was more five
times the $51 million cost of the beach
nourishment. Miami Beach was awarded
a 2011 Best Restored Beach Award by
American Shore and Beach Preserva-
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Figure 45. Miami Beach from
Baker’s Haulover Inlet to
Government Cut.
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tion Association for the performance of
the beach nourishment and its positive
economic impact (ASBPA 2011).

Tourists contributed $13 billion in
2011 to the Greater Miami economy with
44% of these tourists staying at Miami
Beach, accounting for a proportionate
$5.7 billion to the Miami Beach economy
(Greater Miami and the Beaches 2012).
International tourists make up 48% of all
overnight visitors, and, since they spend
more than domestic tourists, they con-
tribute at least $2.9 billion to the Miami
Beach economy (Greater Miami and the
Beaches 2012). Therefore, international
tourists alone make an annual contribu-
tion to the economy of Miami Beach that
is over 50 times the cost of the $51 mil-
lion Miami Beach nourishment project
and over 1,000 times its annual cost of
$2.78 million.

As noted earlier, if proposed today,
the Dade County, Florida, Beach Ero-
sion Control and Hurricane Protection
Project could not have federal involve-
ment because recreational benefits were
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[=1-7-1+1: 1l Figure 46. Deauville and

Carillon Hotels in 1957.

Figure 47. Miami Beach before and
after beach nourishment.

the principal benefits and the Office of
Management and Budget (OMB) requires
the Corps of Engineers to use a National
Economic Development (NED) criterion
for evaluating projects. This criterion as-
sumes “full employment of the nation’s
resources,” meaning that new economic
activity due to recreation within a beach
community can only occur at the cost of
economic activity elsewhere in the na-
tion, so there is no net national economic
gain due to beach nourishment (Robinson
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ocean is about 140 ft for both dates.

2002). That is, if there were no beaches at
Miami Beach, tourists would go to other
U.S. beaches, so there would be no net
economic gain to the Nation. However,
King and Symes (2003) show that for
California beaches the NED assump-
tion of no net gain for the nation due to
increased use of California beaches is not
valid. They show international tourists
alone would spend $2.4 billion annually
outside the U.S. if California beaches
were not available and the federal gov-
ernment would receive $738 million less
in annual tax income. The same is true
for Miami Beach. For each $1 the federal
government spends annually on the Mi-
ami Beach project ($1.6 million annual
cost), the U.S. receives over $1,800 ($2.9
billion annually) in foreign exchange.

International tourists who presently
recreate at Miami Beach have many
alternatives. The 2012 Travelers Choice
Awards for the top 25 beaches in the
world (Miami Beach ranks ninth in the
world and second among U.S. beaches)
identified 10 of the 25 beaches in the
Caribbean and Mexico including two in
Cuba (TripAdvisor 2012). Over half the

Figure 48.Beach width in January 1995 and March 2011 at the Fountai
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international tourists at Miami Beach are
from South Amecrica and could casily go
to these closer beaches of the Caribbean
and Mexico (MiamiBeach411 2012). The
$2.9 billion that these international tour-
ists spend at Miami Beach are part of the
rare trade surplus that the U.S. enjoys in
tourism and would shrink considerably if
the beaches of Miami Beach returned to
their eroded state of the 1970s.

Lessons learned

The history of Miami Beach illustrates
the need for construction setback lines.
Because there were no setback lines,
structures at Miami Beach were some-
times constructed seaward of MHW,
eliminating beaches and leading to in-
creasing numbers of groins and seawalls.
Prior to the beach nourishment at Miami
Beach, Florida passed legislation that
established Coastal Construction Control
Lines and 30-yr Erosion Projection Lines.
All states should have similar construc-
tion setback lines to avoid the problem
in which Miami Beach found itself in
the 1970s, having little to no beach width
and, as a result, a severely deteriorating
economy.
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Sand loss for the project is reduced
by sand-tightened terminal structures at
Government Cut and Baker’s Haulover
Inlet that help compartmentalize the fill.
Egense and Sonu (1987) studied beach
nourishment projects and noted the de-
gree of sediment loss from fill projects
was well correlated with the lack of
compartmentalization of the fills. They
said that the Miami Beach fill from Gov-
ernment Cut to Baker’s Haulover Inlet
was completely compartmentalized with
jetties at each end to prevent alongshore
sediment loss. Having terminal structures
for beach nourishment projects to prevent
sediment from entering inlets increases
fill longevity.

Because net transport is to the south,
sand has accumulated at the north jetty of
Government Cut and the project periodi-
cally “back-passes” sand by pumping it
from this area to updrift beaches. Some
communities back-pass by beach scrap-
ing in areas where sand has accreted and
move the sand back to updrift beaches
that may have eroded. This approach
is an excellent way to recycle sand. In
2002, 202,000 cu. yd. were back-passed
at Miami Beach and a study estimated
that 60,000 cu. yd. could be back-passed
annually without impacting the existing
shoreline (Miami Beach 2007). The
Corps of Engineers back-passed 107,000
cu. yd. in 2012 (Miami Beach 2012b).
For compartmentalized beach nourish-
ment projects, back passing is a good
way to maintain project widths along
the whole project without having to use
other sand sources that are often in short

supply.
When Galveston, Texas, was hit by a

devastating hurricane in 1900, residents
raised the populated areas of Galveston

Figure 49. A busy Sunday 2012 at
Miami Beach.
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Island to protect against future hur-
ricanes. Miami Beach was not raised
following the 1926 hurricane and is gen-
erally only 5-10 ft in elevation (MLW).
As a result, Miami Beach is threatened
by future hurricanes. The dunes facing
the Atlantic are higher than the maximum
elevation of about 10-11 feet (MLW)
attained by the 1926 hurricane (Wiegel
1992). However, there is no protection on
the landward side facing Key Biscayne
Bay, so there may be significant flood-
ing from the bay during a hurricane.
Moreover, a hurricane with greater surge
than the 1926 hurricane could breach the
dunes from the Atlantic side. Evacuation
of the area prior to hurricane landfall is
critical, with the entire island from Gov-
ernment Cut to Baker’s Haulover Inlet in
the high-danger Red Zone of the Miami
and Dade County Emergency Evacuation
Program.

Miami Beach is a compelling example
of beach nourishment leading to eco-
nomic recovery that benefits the nation
with a remarkable return on investment
not just to the local community but to the
federal government.

HARRISON COUNTY,
MISSISSIPPI, BEACH
NOURISHMENT
Introduction

Harrison County, MS, stretches from
Pass Christian to Biloxi, MS, a distance
of 27 miles, as shown in Figure 50.

In the 1920s, Harrison County
emerged as a significant tourism desti-
nation. After the Mississippi Legisla-
ture’s passage of a 1924 act calling for
the protection of public highways along

Figure 50. Harrison County, Mississippi.

Gulfport

Biloxi

Google
C

Figure 51. Harrison County
seawall with no fronting
beach before beach
nourishment (courtesy of the
Mississippi Archives).

the shore, a seawall was constructed
from 1926 to 1928 along portions of the
coastline. The seawall was designed to
protect the coastal communities from
storm surge. It is typically 8-11 feet above
sea level, except for 13 miles where it is
five feet above sea level. Resorts sprang
up along the coast, but many closed dur-
ing the Depression. Starting in the 1940s
tourists began to come back to Harrison
County, drawn to locations that still had
beaches and entertainment (Sand Beach
Master Plan 2008).

Beach nourishment

Congress enacted Public Law 727
in 1946 to assist in protecting coastal
communities and to control erosion
issues. This law aided and promoted
the construction of artificial beaches in
arcas that contained seawalls. When the
seawall was originally constructed from
1926 to 1928 the beach was typically only
80-100 ft wide, and over time it gradually
eroded. By the 1940s, the original beach
was largely gone along much of the coast,
leaving a narrow mud-sand-shell-gravel
tidal flat and an exposed, undercut, and
damaged seawall (Mississippi State Uni-
versity 1978). In addition, a hurricane in
1947 severely damaged portions of the
seawall. Reconstruction of the seawall
began in 1950 as part of the Harrison
County Shore Protection Project (Figure
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51). Because the seawall had little to no
fronting beach along much of its length,
the plan included a beach fill to protect
the seawall from being undermined by
wave attack. In 1951 the project created
the world’s largest human-made beach to
protect the seawall, stretching 26 miles,
nearly the entire length of the Harrison
County coastline. About 6 million cu. yd.
of sand were pumped from about 1,500
ft offshore to build the beach. The beach
was designed to have a berm elevation of
5 ft above mean sea level and a width of
300 ft (Watts 1958).

Watts (1958) analyzed the fill per-
formance in 1958, seven years after its
construction. He found that 5.93 million
cu. yd. of the 5.985 million cu. yd. placed
in 1951 was still in the active profile. The
small difference was well within the ac-
curacy of the profile measurements, so
basically all of the sand remained in the
active profile. Figure 52 shows evolution
of the profile at a typical coast location,
displaying the pre-fill profile and then
little profile change over the seven years.
Watts determined that about 100,000 cu.
yd./yr had moved from the beach to the
nearshore profile over the seven years.

The first renourishment was not con-
ducted until 1972 to 1973, more than 20
years after the initial construction. This
renourishment placed 1.923 million cu.
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Figure 52. Typical beach profile change from April 1951 to May 1958 and
the original ground level in 1948 (Watt 1958).

Figure 53. Left shows beach at Biloxi before Hurricane Katrina and right after.

Beach width remained about the same.

yd. using a borrow area 2,100 ft offshore,
producing an average beach width of
260 ft. It was estimated that the annual
loss of sand from 1952 to 1972 was only
96,000 cu. yd., including erosion pro-
duced by Hurricane Camille in 1969.
From 1972 to 1985 the estimated loss rate
was only 85,000 cu. yd./yr. Thus annual
losses from 1952 to 1985 were only ap-
proximately 1.5% of the initial volume.
There were plans in 1985 to renourish
the beaches with about 1 million cu. yd.
of sand to extend the beach width to 300
fi, but the renourishment did not occur
(Sand Beach Master Plan 1986).

Interestingly, it is estimated that much
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of'the loss of sand is due to aeolian trans-
port with an estimated annual loss of 0.5
cu. yd. per ft of beach or about 70,000 cu.
yd./yr (Sand Beach Master Plan 1986).
Sand blowing from the beach creates
problems on Highway 90, the major
coastal road. Currently plans are under
study to lower a section of the beach to
expose the upper four to six steps of the
seawall presently covered by sand with
the idea that the exposed concrete steps
will catch some of the sand before it
blows onto Highway 90 (WLOX 2012a).

The eye of Hurricane Katrina made
landfall in 2005 at the western end of
Harrison County (Figure 50). With the

worst surge and waves on the right side
of Katrina’s eye, Harrison County was
struck with a massive surge and waves.
The Harrison County beach had not
been renourished for over 20 years when
Katrina struck. As was the case for Hur-
ricane Camille, the beach stood up well
to Katrina. Figure 53 shows a typical
before and after picture of the fill near
Biloxi, Mississippi, showing no discern-
ible change in beach width.

The Harrison County beach fill has
been in place for over 60 years from
1951 to 2013 with one renourishment of
less than a third the original nourishment
volume. During these years, it withstood
two of the largest hurricanes in U.S. his-
tory, Hurricanes Camille and Katrina,
with most of the fill remaining in place.
Figure 54 shows a typical portion of the
coastline of Harrison County southwest
of Gulfport from 1989 to 2012. Even with
Hurricane Katrina having pounded this
coast in 2005, the beach width remains
about the same. Figure 55 is a typical
view of the wide beaches all along Har-
rison County.

As an aside, beach nourishment vol-
umes listed in the “U.S. Beach Nourish-
ment Experience” of Western Carolina
University (WCU) at http://beachnour-
ishment.wcu.edu/results.php?state=MS
do not match the volumes presented in
this paper, illustrating some of the prob-
lems with the website. The WCU website
lists the Harrison County beach nourish-
ment as involving almost 14 million cu.
yd. in eight nourishments. However, Har-
rison County’s Sand Beach Master Plan
(2008) and other references clearly show
that there were only two nourishments,
one in 1951 and one in 1972-1973, with
a total volume of about 7.9 million cu.
yd.. Why is there a difference?

The WCU website shows a nourish-
ment in 1985 of over 1 million cu. yd.
at an “actual” cost of $2.8 million. Sand
Beach Master Plan (2008) notes that
there was a plan for this nourishment
at an “estimated” cost of $2.8 million,
but “... it was never undertaken.” The
WCU website shows nourishments of
1.5 million, 1.2 million, and 1.1 million
cu. yd. in 1988, 2001, and 2007 respec-
tively. The WCU site does not reference
the sources of its information, but it is
likely these events were dredged material
disposal operations having nothing to do
with the Harrison County beach fill, with
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none of the material going on the fill. In
particular, there has been a major effort
to “restore” Deer Island, an uninhabited
island east of Biloxi, Mississippi, and not
a part of the Harrison County beach fill.
For example, WLOX (2012b) describes
the restoration of Deer Island, saying:
“Dredge material from the State Port
at Gulfport will be used to help restore
Deer Island. Plans are underway to create
another 50 acres of marshland near the
eastern tip of the island.” The WCU web-
site typically counts volumes of dredged
material, including fine sediments not
suitable for beaches, which are disposed
in the ocean, back-bay areas, or marshes,
as beach nourishment, when the sediment
never reaches a beach.

Economic benefits

Tourism is by far the largest industry in
Harrison County, employing 23.2% of the
people compared to only employing 7.5%
statewide (VisitMississippi 2012). The
dominance of tourism in the economy of
Harrison County is seen when compared
with the 30% tourism empioyment in the
Bahamas, where tourism is one of the few
industries (Yunis 2009). Tourists spent
$1.45 billion in Harrison County in 2011
and generated $152 million in state and
local taxes and fees attributed to tourism
(26% of these revenues collected by
Mississippi, although the county only has
6.4% of the population of Mississippi).

(‘. ~
<

Seventy-five percent of the hotel rooms
along the three-county Mississippi Gulf

Google ear

Coast are in Harrison County (VisitMis-
sissippi 2012).

Harrison County says of its beach:
“The wide sand beach is the most
prominent and distinguishing feature
of the shoreline, and the value of this
beach, both for shore protection and
recreational purposes, is unmistakably
clear. The beach was created to stabilize
the shoreline, but has also evolved into
one of the county’s major recreational
and economic assets. The beach also
serves as the Mississippi Gulf Coast’s
principal recreational and tourist attrac-
tion, generating major economic benefits
both locally and regionally” (Sand Beach
Master Plan 1986).

Lessons learned
The Harrison County beach fill is
another example of good unintended
consequences. The fill was placed to
protect the base of the seawall from
wave attack. It not only has done this,

Figure 54. Mississippi coastline southwest of Gulfport, MS, showing little

change in beach width from 24 November 1989 (top) to 29 October 2012

(bottom) (courtesy of Google Earth).

but it has covered the seawall, creating
a wide appealing beach and stimulating
tourism. Moreover, with only a single
renourishment of less than a third the
original fill volume, after over 60 years
and two of the largest hurricanes in U.S.
history, a wide attractive beach remark-
ably stretches along 26 miles of the coast
of Harrison County.

CONCLUSIONS

Beaches are America’s greatest tourist
attraction. The Miami Beach experience
demonstrates that when beaches crode
to narrow slivers, tourists head to other
destinations and economic blight fol-
lows. However, the economic recovery of
Miami Beach also shows that nourishing
beaches restores economic prosperity
with a remarkable return on investment.
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King and Symes (2003) show that restor-
ing beaches produces a net national eco-
nomic gain, invalidating an assumption
by OMB that new economic activity due
to recreation at one beach community can
only occur at the cost of economic activ-
ity elsewhere in the U.S. Houston (2013)
shows that the federal government gar-
ners amajority of the new taxes generated
by increased beach tourism, and these
taxes dwarf the federal government’s
expenditures on beach nourishment.
Therefore, recreation benefits should
have an equal footing with other benefits
when determining benefit/cost ratios to
prioritize water resource projects.

Beach nourishment provides signifi-
cant storm damage reduction benefits, as
was seen vividly by the different levels of
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Figure 55. After over 60 years and Hurricanes Camille and Katrina, Harrison
County beaches remain wide and inviting.

destruction in coastal New Jersey during
Hurricane Sandy. Homes, businesses, and
infrastructure in coastal communities
that were not protected by wide beaches
and high dunes were severely dam-
aged, whereas those protected by beach
nourishment projects were minimally
damaged. Moreover, Hurricane Sandy
eroded only an average of 30-40 ft of
coastline, and much of this sand is on the
active profile and some will return. With
nourished beaches in New Jersey typi-
cally 250 ft wide prior to Sandy, most of
the sand remains to protect against future
storms and draw tourists.

Beach erosion results from a sand
deficit, which is often caused by hu-
mans. For example, Santa Monica Bay
and the Coronado/Silver Strand beaches
have been deprived of sand through
river diversions or damming. Seawalls
and revetments stopped bluff erosion
in New Jersey, thereby cutting off the
sand supply to beaches. I[nlets, which
have been improved for navigation, are
responsible for approximately 80-85%
of erosion on the east coast of Florida,
and this undoubtedly is repeated on all
coasts. Given the economic, recreational
(Figure 56), aesthetic, and storm dam-
age reduction value of beaches, the U.S.
should work to restore sand to beaches.
For example, sand dredged as a part of
navigation projects should always be
returned to the littoral system. To not do
so should be considered inconsistent with
sound environmental practice.

We have provided examples of beach
nourishments that have provided remark-
able benefits. Some of these nourish-
ments have been providing these benefits
for extraordinary periods of time — in
some cases, up to 60-70 years. [t would be
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valuable for future studies to determine
why these and other beach nourishments
have performed so well, so they can be
repeated for future generations.

Finally, at some stage in their future,
most coastal communities will need to
make decisions regarding long-term
responses to sea level rise and other ero-
sional causes. This argues strongly for
improved monitoring both of nourished
projects and areas where nourishment
has not been carried out. The most recent
monitoring of Santa Monica Bay was
about 22 years ago and it appears that
the Harrison County project has never
been formally monitored and reported.
Contrast this with New Jersey, where
frequent monitoring has been conducted
for more than 25 years and enabled the
quantification of storm damage reduction
of nourished beaches during Hurricane
Sandy; or Florida, where a database of
shoreline positions is available for the
past 140 years and has identified the
impacts of inlets modified for navigation.
Through monitoring, the availability of
factual data will guide coastal commu-
nities in their selection of appropriate
long-term pathways for the preservation
of our nation’s shorelines.

Figure 56. The good life.
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