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Department of the Army, Washington, D. C,

INTRODUCTION

Construction, improvement and maintenance of beaches through the
artificial deposition of sand on the shore is rapidly gaining prominance
in the field of shore protection engineering. The trend toward this type
of shore improvement has resulted from our chesnging economy, modes of
transportation and recreational habits. As our mode of transportation
improved and people had more time for recreation, beach resorts developed
and grew to proportions typified by Atlantic City, N. J. Numerous factors
control the growth of a resort of this size but undoubtedly ell will agree
that it is the beach which is the resorts' primary asset. This fact was
recognized very early in resort development and every effort was made to
preserve the beaches from the ravages of the sea. Unfortunately the
science of shore protection lagged behind resort development and beaches
soon became covered with a maze of structures which discouraged rather
then encouraged their use., At this point something had to be done to
restore the beaches to their original attractiveness. The obvious means
for this improvement was to eliminate all structures as far as possible
and to replace the beach material which had been removed, Was it possi=-
ble that such plans could succeed? Careful study convinced a number of
engineers that beach restoration employing artificial nourishment had
possibilities and in some instances might be the most economical as well
as best method of improvement. More importantly, there has developed
a growing recognition of the fact that preventing erosion by meens of
protective structures is s dangerous practice, in the sense that in many
cases such protection is secured at the expense of producing an ever
expanding problem area. Artificial nourishment, on the other hand,
benefits not only the shore upon which it is placed but adjoining shores
as well. The economic merit of this type of treatment has often been
difficult to evaluate because of uncertainties in prospective maintenance
cost and in determination of the extent of shore which would be benefited.
It is needless to say here that although the method has been employed
without a complete understanding of all the factors controlling en ideal
installation the results have been gratifying.

It is the purpose of this paper; first, to outline the criteria
pertinent to the design of artificially nourished beaches and explain how
each is derived and used; second, to present a brief history of five
areas where the four types of artificial nourishment have been tried;
namely the offshore dumping method, the stockpiling method, the continu-
ous supply method, and the direct placement method; and third, to present
& tabular record of a great number of artificially nourished end con-
structed beaches including factors relating to their placement and
economic life.
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DESIGN CRITERIA

At the present time although the design of artificially nourished
and constructed beaches has not been firmly estalblished on a scientific
basis, advances have been made in the field of wave motion and the effect
waves have on the shore which have established it on better than a rule
of thumb basis. In the following paragraphs criteria for the design of
artificially nourished and constructed beaches will be enumerated and
their derivation and use will be explained.

The first task in approaching a design problem of this nature is to
determine quantitatively the deficiency in material supply in the
problem area. This is the rate of loss of beach material and is the
rate at which the material supply must be increased to balance the
transport capacity of littoral forces so that no net loss will occur.
If there is no natural supply available, as may be the case on shores
down drift from a major littoral barrier, the deficiency in supply will
be equal to the full rate of littoral drift. If the problem area is
part of a continuous and unobstructed sandy beach, it is likely that
the deficiency will be relatively small compared with the drift rate.
Comparison of surveys over a long period of time is the only accurate
means of determining the rate of nourishment required to maintain
stability of the shore. Since surveys in suitable detail for volu-
metric measurement are rarely available at problem areas, approximations
computed from changes in the shore position determined by air photos
or any other suitable records is often necessary. For such approxi-
mations a rule of thumb equation wherein one square foot of surface
area equals one cubic yard of beach material appears to provide ac-
ceptable values on exposed seacoasts. For less exposed shores this
ratio would probably result in volumetric estimates somewhat in excess
of the true figure and would thus produce conservative values.

The next and equally importent task is the determination of the
predominant direction of littoral drift. This is most generally de-
termined by studying the shore configuration at groins, jetties or
other littoral barriers. The major accumilation of littoral material
occurs on the updrift side of such barriers, however in the case of
minor barriers such as short groins, seasonal variability or storm
effects may obliterate the predominant trend. Care must be taken to
avoid misinterpretation in such cases. Seasonal trends should be
determined and evalusted where doubt exists on the basis of available
evidence.

Unfortunately, or maybe fortunately, the engineer has not covered
each sector of our entire shore line with structures whereby this de-
termination of the rate of drift can be made. In the event that
structures are not available on & sandy beach, or an area is to be im=-
proved that is devoid of littoral materials, another method of deter-
mining these factors must be employed. A rather long laborious method
is available for use, which indicates the direction of the predominant
littoral forces quite accurateély, but indicates only the relative
strength of the littoral forces along selected stretches of the shore.
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This method of proceedure involves the use of the techniques of
hindcasting wave data from synoptic weather charts to determine the
wave climate over a period of years in a given area; the use of refrac-
tion diagrams to bring this wave budget into shallow water; and the use
of vector diasgrams to determine the resultant direction and magnitude
of the wave energy which establishes the predominant direction and re-
lative strength of the littoral movement. The predeminant direction
of the littoral drift is considered to coincide with the direction of
the resultant of the flow of wave energy, and the relation between the
strength of the littoral movement is determined to be the longshore
component of the wave energy acting elong its established direction to~
ward the beach. In view of the lack of knowledge of the characteristics
of the boundary conditions imposed by the surf zone it is not possible
at the present time to actually relate the longshore component of the
wave energy to a quantitative determination of littoral drift. In other
words only the relative strengths of the littoral forces in the various
related locations along & stretch of beach under study should be used.

Having established the direction and megnitude of the forces that
will operate on a proposed fill the next problem to be encountered is
that of selecting a suitable beach material. Unfortunately adequate
criteria have not been established for evaluating the qualities of
beach materials. However, a limited amount of information pertaining to
the sorting of beach sands end the relation of grain size to beach
slope are of value in selecting materials for artificial nourishment.
When sand is deposited on a shore the waves operating in the area
immediately start a sorting action on the surface layer of the fill
moving the finer particles seaward leaving the coarser material shore-
ward of the plunge point. This sorting action continues until a layer
of coarse particles compatible with the wave spectrum of the area armors
the beach snd renders it relatively stable. However, if the armor is
broken due to a storm, the underlying material is again subjected to the
sorting process, In view of this sorting process beach materials con-
taining cleay lenses or discolored particles may be used with the assurance
that natural processes will clean the sand and meke it an entirely suit-
able material for nourishment. Bxperience with the fills at Anaheim
Bay, California, and Palm Beach, Florida, both of which contained foreign
matter confirm this statement.

During the period of sorting, the beach slope is also adjusted until
it becomes compatible with the grain size distribution of the sorted
material., In view of this fact, a desired beach slope may be obtained
by randomly placing material of a gradation that will assume the desired
slope after sorting and slope adjustment. The selection of a material
of the proper gradation to produce the desired slope as far as is known
at the present time can only be determined by analyzing the sand taken
from a beach in the surrounding aree which has a similar orientation
and is acted upon by the same wave forces. Sand selected for artificial
nourishment should ideally contain the same gradation of materials as
those found on the beach to be nourished if the original beach slope is
to be meintained.
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Material of coarser characteristics may be expected to pro@uce a
steeper than normel beach. Material finer than that occupying the
natural beach will, when exposed on the surface, move seaward to a
depth compatible with its size. Almost any source of borrow near the
shore will produce some material of proper beach size. Since the source
of artificial nourishment will control the cost to a major degree,
evaluation of material characteristics is an important factor in
economic design. At present such evaluation must be made largely on a
basis of experience at other localities.

. The beach crest height will be established ultimately by natural

forces, that is, the cyclic changes in water level and the wave pattern.
The foreshore and nearshore slopes will affect wave behavior and thus
influence the natural beach crest height. If the beach fill is placed
to an elevation lower than the natural crest height a ridge will subse-
quently develop along the crest. Concurrent high water stage and high
waves will overtop the crest and cause ponding and temporary flooding
of the backshore. Such flooding, if undersirable, may be avoided by
fixing the berm height slightly above the natural beach crest height,
If there is an existing beach at the site, the natural crest height can
be determined therefrom. Otherwise determination must be made on a basis
of comparison with other sites possessing similar exposure characteristics
and beach material. There is at present no acceptable theoretical basis
for predicting beach crest height.

Criteria for specifying berm width depends upon a number of factors.
If the purpose of the fill is to restore an eroded beach damaged by a
major storm, where inadequate natural nourishment is not a factor in the
problem, the width may be determined by the protective width which ex-
perience has demonstrated to be required. Where the beach fill is to
serve as a stockpile, the berm width should be sufficient to provide for
expected recession during the intervals between artificial replenishment.
It is generally considered that the toe of fill of a stockpile beach
should not extend to such depth that transport of any material forming
the surface of the fill would be retarded. There are no firm specifica-
tions for this limiting depth at present but available data indicate,
that depths of twenty feet below low water datum on seacoasts and twelve
feet on the Great Lakes may be used safely. It is obvious that the
initial slope of any beach fill must be steeper than that of the natural
shore area upon which it is placed. Subsequent behavior of the slope de~
pends principally upon the characteristics of the fill material. Fills
compoged of material coarser than that found on the native beach will
maintain a steeper than normal slops. Finer material tends to form a
flatter slope. In ordinary practice the initial f£ill slope is designed
paralled to the local or comparable natural beach slope above low water
datum, and slopes of 1:20 to 1:30 from low water datum to intersection
with the existing bottom. It is unnecessary to artificially grade beach
slopes below the berm crest, for they will be naturally shaped by wave
action.

The length of a stockpile beach may vary greatly depending upon
local conditions. Lengths from a few hundred fset to a mile have been

122



ARTIFICIALLY NOURISHED AND CONSTRUCTED BEACHES

employed successfully. 8ince the updrift end of a stockpile beach will
be depleted first, long stockpiles are usually most suitable where a
bulkhead or seawall exists to protect the backshore as erosion progresses
along the stockpile.

The foregoing general discussion of the derivation and use of the
basic criteria pertaining to the artificial placement of sand to maintain,
rehabilitate or construct a beach clearly indicates the laok of the
present knowledge and consequently presents a chellenge to investigators
to direct their work toward this phase of shore protection work. The
principal factors which appear to warrant detailed study in order to
establish more rigorcus design criteria are the relations between the
characteristics of beach and nearshore materials and their modes of
transport; the relations between beach materials, exposure, and the re-
sulting geometry of naturally formed beaches; and more accurats methods
of determining the deficiency in material supply on an eroding beach.

In the present state of knowledge laboratory experimentation may be ex-
pected to contribute only to a limited degree to the solution of these
problems. It is believed that emphasis must be placed on field investi-
gation for this purpose, particularly in the form of follow-up studies
of artificial beach fills.

TYFES OF ARTIFICIALLY NOURISHED AND CONSTRUCTED BEACHES
OFFSHORE DEPOSIT METHOD

This method of beach nourishment is constantly coming to the mind
of the shore protection engineer sinoe a large supply of beach material
could be made available at comparatively low cost in connection with
hopper dredge operations in coastal harbors.

A test of this type of nourishment was made in 1948 and 1949 by
the Beach Erosion Board and the New York Pistrict, Corps of Engineers,
Department of the Army at Long Branch, N. J. (reference 1) The city
of Long Branch is located near the northern tip of New Jersey adjaoent
to the entrance to New York harbor., (Figure 1 ) It lies on a slight
rise in the surrounding terrain, whioh slopes seaward to an elevation
of 20 feet and terminates at the shore at the crest of a timber bulk-
head retaining Ocean Avenue. The beaoh fronting the bulkhead is rela-
tively steep and narrow and is intersected by numerous heavy rubble
mound groins.

The history of the Long Branch area has been one of progressive
erosion caused by the stabilization of updrift areas which formerly
eroded and supplied abundant littoral material to down drift areas.

The purpose of this test was to determine the feasibility of restor-
ing an adequate littoral drift to nourish the shore by employing natural
forces to move material, dumped in relatively deep water, shoreward to-
ward the beach.
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The material dredged from New York Harbor entrance ohamnels was
placed in a ridge about 7 feet high, 3,700 feet long and 750 feet wide,
lying about % mile from shore in a depth of 38 feet below mean low
water, with its southerly limit on an east west line about 1500 feet
north of the Long Branoh Pier. Dumping at the site amounted to a total
of 602,000 cu, yds, of sande (Figure 1)

During the entire period of study, oceanographic forces effecting
sand movement were recorded and the send movement was traced by periodie
hydrographio surveys oovering the area from the Long Branoh Fishing Pier
northward to Monmouth Beaoh Coast Guard Station and from the bulkhead
line seaward 6,000 feet to sbout the 42 foot depth contour (mean low water).
An effort to trace sand movement through dissimilar minerals in the beach
and dumped sand faileds At this point one may question the suitability
of the Long Branch site for a study of this nature. Oceanogrephic and
hydrographic data oollected at the site proved its suitability since
natural forces were found which were oapable of moving material over the
ooean floor in 35 to 40 feet of water and alcong the beaoh.

The result of the sand movement during the period Ootober 1948
after all dumping had been completed to October 1949 ere depicted by
net bottom changes and are shown on Figure 2., The bottom changes
show aooretion to be general over the offshore area inoluding the mound.
An area of looalized erosion developed near the center of the mound and
erosion occurred over the shoal at the southern limit of the study ares.
Nearshore erosion has been extensive over the year. The general accre-
tion over the mound ooupled with the extensive erosion along the shore
indicates that the deposited materiel, during the period of observation,
has not benefited the beaoh. While observations over & longer period
mey indicate some benefit, it may be concluded from present evidence
that this method will not provide nourishment at & suitable rate to
Justify its general use,.

The oonclusions reached in this study confirm the findings of two
similar studies, one made at Santa Barbara, California where 202,000 ou.
yds. of sand were deposited in 20 feet of water (mesn lower low water)
in September 1935, and the other at Atlantio City, New Jersey where
3,554,000 cu, yds. of sand were deposited off the beaoh in 18 to 20
feet of water (meen low water) during the period April 1935 = September
1943,

Although the results of this test to artificially nourish the beach
at Long Branch, New Jersey, were negative, it is felt that they have a
plece in this paper to guide future work elong these lines,
STOCEKPILE METHOD

Probebly the first shore proteotion project designed specifically

for employment of this method was that developed at Santa Barbara,
Californie (Figure 3). This projeot has been in sucoessful operation
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since 1938. Detalls of the plan are contained in references 2 and 3 and
only a summary will be presented herein.

The problem at Santa Barbara was created by construction of a break-
water, completed in 1929, which effectively blocked the movement of
littoral drift. Materiel accumalated on the updrift side of the break-
water at a rate in the order of 300,000 cubic yards a year. By 1934 the
impounding capacity above the breakwater was reached, and the zone of
entrapment shifted to the protected waters within the harbor.

Mesnwhile beaches downdrift from the harbor, being deprived of
normal nourishment, were progressively eroding. By 1938 the erosion area
had denuded the down drift beaches for a distance of ten miles, to a
location where a large natural sand deposit served to maintain shores
beyond. Offshore deposit of sand removed from the harbor by hopper
dredge in 1935, described earlier, failed to aid the shore. Damages
mounted and hastily built shore protection structures provided little
relief. :

In 1938 a cooperative project was developed on recommendation of
the Beach Erosion Board providing for establishing a stockpile beach
fill along 4000 feet of shore down drift from the harbor, to be initially
filled and periodically maintained with material dredged from the harbor.
The first fill was completed in July 1938 end replenishment has been
accomplished at two or three year intervals since that date. The seventh
repetitive nourishment operation is in progress at this time (October

1952) .

By 1945, seven years after initiation of the project, stable con-
ditions had been restored over the entire ten miles of previously eroding
besch. No additional shore protection measures have been required since
that date. The average rate of artificial nourishment in round figures,
has been 300,000 cubic yards a year. The average cost is 21 cents a
cubic yard. Harbor maintenance as well as shore protection is accom-
plished, and under the terms of the project the United States pays the
cost of the former by the cheapest method (hopper dredging) at an
established price of 13 cents a cubic yard. The work is accomplished
with conventional pipe line dredging plant and equipment. bocal interests
contribute the added cost of depositing the material on the stockpile
beach, an average of 8 cents a cubic yard or $24,000 a year. Considering
the length of frontage receiving protection in this project, the average
annual cost is about 50 cents a linear foot. This is a minor fraction of
the cost experienced where defensive works are employed for shore protec-
tion.

A more recent example of stockpiling sand on a beach to be distribut-
ed along the down drift shore by the, natural forces is the project under-
taken several years ago at Palm Beach, Florida.

Palm Beach is located on the coastal lowlands of the east coast of
Floride about 300 miles south of Jacksonville and 70 miles north of
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Miami Beach. (Figure 4) The barrier beach on which the town has been
built separates Lake Worth from the Atlantic Ocean and is breached by
two inlets, Lake Worth Inlet and South Lake Worth Inlet, about 15.5
miles aparts The barrier is composed principally of sand, part of which
is artificial fill over former mersh areas. There are occasional out-
croppings of coquine on the barrier and in the offshore area.

Lake Worth Inlet wes dredged through the barrier and two protective
Jjetties were constructed between 1918 and 1925. The construction of the
jetties have caused changes in the adjacent shore lines similar to those
at a number of other inlets along the east coast of Floride where jetties
have been constructed; namely, accretion north of the north jetty and
erosion south of the south jetty. An accurate estimate of the rate at
which the littoral drift has been impounded by the north Jetty cannot be
made from available historical records but a number of rough estimates
have been made utilizing available information. These estimates although
rough, indicate the limits of the range between which the true value
probably lies. They indicate that during the 14 years period immediately
following completion of the inlet and jetties, material was impounded at
a rate averaging 150,000 to 225,000 cubic yards per year and that during
the next seven years the rate approximuted 130,000 cubic yards per year.

The removal of this quantity of material from the littoral stream
which formerly nourished the Palm Beach shores has resulted in continu-
ous erosion. The rate of erosion has been retarded by the construction
of a fairly uniformly spaced field of groins but in general the groins
have not maintained as wide a beach as desired, primarily because of
the lack of sufficient littoral drift.

Studies made by the Beach Erosion Board in cooperation with the
Port of Palm Beach District to develop a plan or plans for the rehabilie
tation and future protection of Palm Beach resulted in the conclusion
that because of the absence of an assured natural supply of beach
material an artificial supply must be furnished. (reference 4) It was
also conoluded that the best method of nourishing this shore would be to
pump sand from Lake Worth and place it in stockpiles along the beach.
The decision to use this method of nourishment was due in part to a
satisfactory test of stockpile nourishment made on the beach immediately
south of Lake Worth Inlet in 1944,

The recommendations made by the Board were accepted by the cooper=-
ating agency and four stockpiles of sand were placed on the beach between
Mey and November 1948, An additional stockpile of 100,000 cu. yds. of
sand was placed on the beach opposite the West Palm Beach Canal by Palm
Beach County in 1949, The quantity of material placed in each of the
stockpiles together with previous and subsequent placements near the
northern end of the beach and the locations of the piles are shown on
Figure IV and in the following table.
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Location Date of Placement No.Cu.Yds. Cost per Cu.Yd.
Mediterranean Ave. Aug. 1944 300,000 35.0 ¢
May-Nov, 1948 215,690 32.2 ¢
July 1949 380,000
Eden Road May-Nov., 1948 630,600 19.3 ¢
Tangier Ave. May-Nov. 1948 454,640 19.3 ¢
Banyan Road May-Nov, 1948 1,035,000 19.3 ¢
West Palm Beach Canal 1949 100,000

The results obtained through the use of stockpiles to nourish the
beach in the Palm Beach area can best be described by the following
statements made by Mr. Norman C, Schmid, Engineer, Town of Palm Beach.
"It is my opinion that artificial sand supply is the best method of
beach protection that we have found in Palm Beach. The only trouble is
that we have only supplied the beach with two and one half million yards
and it is estimated that the project would require six million in order
to bring the beach line to the 1928 location." Mr, Schmid further
states that past experience shows that, "The northernmost stockpile
should be replenished yearly, the others to the south every two or three
years depending upon storm conditions". He concludes " - - - that the
sand has moved as expected, also that the experiment even to the lay-
man's eye has proven quite successful".

CONTINUQUS NOURISHMENT METHOD

One of the best examples of continuous nourishment to a beach down
drift from an inlet is the sand bypassing plant at South Lake Worth
Inlet, Florida. The factors pertinent to the installation of and the
results obtained with this bypassing plant were thoroughly covered by
Mr. Joseph M. Caldwell in the first Coastal Engineering Couference but
since it is the intent of the writer to make this paper as complete as
possible in the field of artificial nourishment the highlights of this
installation will be briefly reviewed.

South Lake Worth Inlet is located on the east coast of Florida near
the southern limit of Lake Worth which separates the mainland from the
sand barrier on which the town of Palm Beach is located. (Figure 4)

This inlet was dredged through the barrier in 1927 by the South Lake
Worth Inlet District to create a circulation of water in the southern
end of the lake to relieve the stagnant condition of the waters. The
inlet was fixed by two short jetties about 250 feet long. Due to the
abundant littoral drift from north to south in this area the littoral
reservoir formed by the north jetty was quickly filled and sand was
carried around its outer end into the inlet where it dropped out of
suspension forming a middle ground shoal.

Concurrently with the filling of the impounding area behind the
north jetty and the formation of the shoal, the beach south of the
inlet eroded. Property owners faced with the loss of valusble land and
homes constructed numerous protective structures but due to the im-
pounding of the natural supply by the inlet, these structures did not
help in holding or building a protective beach. The failure of the
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struotures to protect the area clearly indicated the necessity of re-
building the beach as a protective barrier through the restoration of
the littoral drift in the area. This wes done by establishing a pump-
ing plant on the north jetty to bypass the sand across the inlet to the
eroding shore. The distribution down beach of this material was left
to the action of natural forces. This method had the added advantage
of reducing the sand available to be carried into the inlet to be de=-
posited on the middle ground shoal.

The pumping plent was not designed to bypass the entire quantity
of littoral drift but rather to supply the quantity of material re-
quired to restore the beaches to the south. During the first five
years of operation prior to World War II about 250,000 cu. yds. of
sand were supplied to the beach. The benefit derived from this oper-
ation was felt almost immediately end at the end of the five year
period the beach south of the inlet was entirely restored. During
this period shoaling decreased over the middle ground.

The cost of moving the sand including operation, meintenance, and
depreoiation was sbout 9 cents per cubic yard. Based on current prices
the figure would still be well under the 19.3 cents to 35.0 cents per
cubic yard cost of the stockpile nourishment placed on Palm Beach from
Lake Worth.

It is recognized that although the sand has been moved economically
with a fixed plant at South Lake Worth Inlet pericdic nourishment usinga
floating plent may be more economical at other littoral barriers.

DIRECT PLACEMENT METHOD

It differs from the stockpile method in that the fill is completed
at one time over the entire shore to be protected. In effect it may
subsequently take the form of & stockpile project since it will serve
as & supply source for the down drift shore, and future maintenance may
be accomplished by artificial nourishment of those areas which first
demonstrate supply deficiency by erosiom.

This type of beach rehabilation was used at Atlentic City, New
Jersey in 1948 to quickly restore the ocean beach which was eroded te
& point where it furnished little protection during fall and winter
storms)to the boardwalk and valuable real estate investments. (refer-
ence 5

Atlantic City is located on the ooast of New Jersey about 45 miles
northeast of Cape May, the southern tip of the State at the entrance to
Delaware Bay. (Figure 5 ) It comprises nearly one-half of the length
of the barrier beach kmown as Absecon Island. Absecon Inlet is the
northeastern boundary of the City and Island.

Because of its location near extensively developed and densely
populated urban areas, being about 60 miles from Philadelphia and 125
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miles from New York City, it has rapidly become the most popular resort
of its kind in the country.

The ocean beach is generally wide and flat; supplied with material
transported southward along Brigantine Island. The wolume of sand
moving along this shore canmnot be accurately determined but dredging
figures indicate that it may be about 400,000 cubic yards per year. The
part of this quantity moved onto the Atlantic City beach by natural
forces is not known. Studies show that the beach remained relatively
stable prior to 1940 and then started to erode progressively for a dis-
tance of about 6,000 feet southwest of the inlet. In view of the natural
condition extant in the area and the immediate need for a protective
beach southwest of the inlet, the State of New Jersey and the City
replenished the beaches with sand moved by hydraulic dredge and pipe
line from the point of Brigantine Island across the inlet. Approximate-
1y 700,000 cubic yards of sand were deposited on the beach from the
Oriental Avenue Jetty to a point about midway between Central and Hemid's
Piers during the summer of 1948. This material was placed on the beach
over its 6,000 foot length at a cost of 77 cents per cubic yard.

Immediately prior to placing the fill a stone jetty was constructed
on the south side of the inlet to divert the chamnnel eastward away from
the beach.

Subsequent to placing the artificial fill, an existing groin was
repaired and five others were constructed to retard the loss of sand
from the beach. Replenishment of the material placed on the beach has
not been made but will be made when necessary.

The results obtained through the direct placement of sand-to the
beach at Atlantic City has been as successful as the studies had indicat-
ed. Observations made at various intervals following the period of beach
slope adjustment show the beach to be relatively stable. It is too early
to determine maintenance requirements and costs, but indications to date
are that maintenance by periodic nourishment will be both feasible and
economically preferable.

In summary, it is believed that artificial nourishment is firmly
established as a practicable and economic means of shore protection
which must be considered and evaluated in comparison with alternative
measures in the study of sny erosion problem. The long term benefit of
this method of protection with respect to very substantial lengths of
shore is an important aspect to be considered. Extensive additional
research is needed to establish proper design criteria and a more accu-
rate basis for economic analysis of this method.

ARTIFICIALLY NOURISHED BEACHES IN THE UNITED STATES
The purpose of this section of the paper is to assemble in one

document all information available in the records of the Beach Erosion
Board including published references 6 to 12 pertaining to those beach
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areas of the United States which have been artificially nourished or
constructed. The data is presented in three parts in tabular form; the
first outlines basic information on the beach required for the design
of its nourishment; the second outlines information pertaining to the
material available for the nourishment; and the third outlines informa-
tion pertaining to the stabilized beach. Although an effort has been
made to include all of the known artificially nourished beaches in the
United States in the table there are undoubtedly many that have been
overlooked, In several of the cases listed the purpose of the beach
fill was not shore nourishment but simply selection of a convenient
disposal area for dredged material. Those have been included for
possible future use of the data presented{see Appendix).
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APPENDIX
TABULATED DATA ON ARTIFICIALLY NOURISHED
AND CONSTRUCTED BEACHES
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Table 4

AKTIPICTALLY  NOURLSHED a 7D COS™NUCTED B CHEW

DESCAIPTION OF BATURAL CONDITIONS

Constet Area
Base

Lenyth of
Prodis area

Brpoeure

Pacific Gerac

Caransdo Bewel Calif
(Jortn leland)

2.0 etles

210 A Yot Lems
¥ Los Goronado

Pacific Ocesn

Goronads Beast Callf
{alver Brrecd)

3 thru 8 1o ¥ Los
Coronades Telants

Pacitie Ocom

vateik) Beach
Homalwlu T ¥

2 0 e

S theu 34 to ¥ Clesr

Atlentic Ocem

Haapron Descn ¥ ¥

1% miles

Yo @ Clar

ss1ant1c Oconn

Weparrer Boach B 3
o % mie

6o B¥ Iaeltered ta
Mock Tslacd Sound

Atlaptic Ocemn
Voot Maver Coos

16 mttee

3 ehru g to W
eheltered fo L f Sownd

atlaslic Desmn
Osk Back & Center 1o
Couserey LI BT
2 1 a11ee

% o
sheltered 1o L 1 Souna

[At1ant1c Ocesn

Orchard Doacn ¥ T

o L m1e

ara 6 to
ahelteced o L T Semt

#lope - Forsshwrs 1on 20 1 on 20 1007 = 1on} 1on 5 lea7 108 5 il
resmve 1en 75 - 1ea 200 1on75-1 e 200 o T 1o 60 100 60 Ton20-108 %0 1 e X0 1 g0 1 on
Yrach Naterisd Nedims to conrss sand |Wedtun to £1nn eand  [Corml sand and ensll  [Sand and anell fand and shel) “rttas to c1ne sind Jaa aad eheld Sand sm¢ wnetl
Chmracterlatic and sselt anc ehall and sheal
Hate .f avest 10000 u yie
Tran r
Dir of Livtorel-¥ister| Jortheant Yorthsast Soutn Tortn Voot ol
Trasepart #omser] Jortheant Nortbasst south Borw veut Faet
NaTERIAL AYAILANLE POR MOURI SENTNY

Locatles

Dletance fros Fitl

Sharectar of
Materiel

Quany ity Avsiledle

Cusaned to San Diegw
ay

021616 mile

Medius to coaree vand
and shell

ampte

Saa Diego Jay

20 to 3.0 milee

Nedlam to fine sand
and oty

sapie

Bellows Pisid Ksaoohe
Y

2 0 il

Caral sasd

Al

Bampton Rardor lolet

01 te10me

Voitum ts Tine sand
o1t and enell

sople

| ses
Wateh H111 Cove

0 6 to 1 0 nlle

Sand qnell anf elt

Ample

Yoy Kaven Earbor
Taley

13 atles

Nedtax st
ehell aad 11t

[

Long 1e1ant Soms

02 %0 0 6 mile
Send amell aad el

N

Sand Dorges 3 eide L 3
pmped oo beach

02406 alle
Sand shell ene ol

Trpe of ¥o risbesat

Frinary Furpose

Slope or - (before ua)
Toresncre (Afier ad?

Diawnslose of F1IL

Total o of Cu T
Coot par Gu T
Date Pleced

Fetlmated Life of F11L

Pirect Jansaent sith
tyaraulic dradge

Dlsposal of materisd
and shore nouriehment

10018
1 on 25

10M z 300

T 500 00
15 ceate

1938 - 1333

Dtrwet placesest vita
hyarwalle oredge

Diaesal of drelget
eaterinl

1as ko
10 2%

30N 2150
19,000 000
12 5 cemte

190 - 198

Birecs Direct placasent by | Dirsct ylecement Vy

rense Tt mnul:: reies | [woreaic iretce Roarectic redee
Yoarn hore Bescn Beach Beach Beach
1w} Tens lea? 1w 7 Tonly 10820
leeb-tmy loo? 1§ Tees 1oa 20 108 10
0 5¥ 310 93z20kx03N o b m x 800 159 0250 0 71z 2000

Triengle S
110 000 535 000 170,000 1,000,000 507 000 703

25 cente 5 omate 17 saste 9 omte
Dec 1951 to July 195 1935 Oct 1948 = Pob 139 July 13%8 to Jan 1949 |aguy 1936 or 1937

Table &

ATIPICIALLY  WOURIARED A CONMPRUCIEY BIAGARS

TRSCAIPTIOR OF NAYURAL OONDLTIONS

Saental ares

Loagtn of
Provles Aree

Slcpe = Foreshar
Searabare

Beacn Aateriel
Casrecteristio

s t100t10 Oconn

ncov Rile Ptk
Long Tiland ¥ Y

09 nile

3wredto #¥ Glar

Atlantie Ocom
CGocez Ielans ¥ T

07 mle

3

st o

atdantic Dosaa

Long Jrancs ¥ 3
130 ailes
¥ taea ¥ te 0

loe}
loo30-10s838

Medtan to Tine sand

atlactic Oconn

Atiantie c1ty M 7
Todef 101t

w2 s o to o
lear

100 %
1 s 50

¥ed1as 1o floe sand
asd onall

jat1aatic Oons

at1ant1c 1ty 3 7

Ynatic Ocenn

ittantie ity 3 J

¥2 wry 53 t0 X%
Clear

-y
o 150

Mediua 1o f1ce ssme
asd shell

X% shre 33 00 SV
c1ear

1on 5
1 oo 150

ad1un to Plas esnd
et qnoll

Atlantlc Ooswn

st1eatic ity ¥ 3
Indetrsite

¥E thra &8 to W,
Clear

Toss
1 oni50

Nediw to fine send
and ehell

las1ansse Ocosa

iteasrc 1y ¥ :
vescos Telot

¢ & w11

X% t0 3

1on 5
1 oa 20

Nedlas to f1ce sand
and shell

Bate of Lstoral 117 000w ydo %00 006 cu yée %00 003 cu ydo 400 000 eu sto 400,000 ou ¥
Fraaeport per year
BT of Listorel-vinter Yortn Southwest Soutiveot
Tracepert Susse: Sortn Soutbvest Southwest Teuttveot uumm:
MATERIAL ATATILANLE 20N SOUR3SHCHE
Locatlen Jasalca ey ¥ T Pov Tork Rasnor Fov Tork Basber Anescan Tadet Abscss Telet Abescon Jalet Abescss Inlet Avesces Tolot

Dievssce tros ML

10ml

0 3t610mile

30 miles

10 te 20 milee

10 t020 siles

10t 20 mlee

10 % 20 alles

01t 0k ale

Conracter of a2 abell asd o1l% |Nedtms te £1ne send  |Nefiws te fine sand  [Yedtun to fine wasd  Medtum 1o fine eand  [Fedims %o fine wnd  |Feadwe to fine eaad  [Fedtum to floe saad
Haterial shell ead orlt st aa4 ehe1l s el at o) perponty well et ailt
Quatlyy Aveiladle amle sapie Asple Anple sl daple Aeple
FOTAISIDIT ACTOXPLISHED
T of Naorlasberst | Diesct placemsnt by | Dlreet plagasent b7 | Stockpile o wter by | Offars plucsaent 17 ortuers placenent vy | Otfare placsamt b [Offanore pleceneat by |Direct piac
hydreclic dredge hydrenlic dredge bopper dredge boppar dredge 1n a bopper dredge 1a hydreutle ¢
et 180 to 20 vater 130 1o 20 vater
Frisary Parposs Beach Beach Bmach and | Dlwpasal of emterial |Divpossl of material | Diepoesl of materisl |Disposal of materlal | Beach restoration
shore scurtebsant a4 bench 124 beach s vearh ot beach

llnocf-(uonm 1m? x-z-xuw

Toreanore {AfS Tt leakolon?
Diswelens of P11 09 N 2 200 © TN z 5000 o7 M xRt
Total Jo of o Vo (400 000 1700 000 [ 92,000 300 000 % 00 1,362 000 %0 000
Qost por Gu. T 15 asate 21 coote 17 ceste
Pote Places Sept 1959 - Det 1539 | Aug 1922 - May 1383 Aor 1906 = Doy 1546 | Apr 1935 - Mar 1936 Tob 1337 - Sept 1937 | sug 1938 - Sept 1930 [hug 1942 ~ Sept 1963 | July M

Aetinated Bife of Fil1

136




COASTAL ENGINEERING

Table 6

ASFIFICIALLY YOURISHED AHD CONSTRUCYRD DEACEES

DRSCRIPIION OF HATURAL GORPTTIONS

© uytal ares
Bans

Lungua of
Frobleo ares

Mpseurs

Sore = For s sre
mareuore

Beuea Ktariel
Chiaracre tetsc

atlactse gcean

Atlestac Gty b T

Tnceflaite

3E tora 3 to SY

l1ony
10 190 = 4 on 200
Yeilag to fin eand
¢ suell

atluntic Cooan

Geean Ctv ¥ ¥
Surf Rond = 12th B

Incetint ¢

¥R thru £ to SY Clear

1015
1on 0 - 1en Joo
¥edlin to fine sand
an¢ aheli

stromti. Ocesn

A7 4a @ Beach
Ineefinlre

b u T e sk Clear

4 on 10
1 on 60
[Meator b3 fire sang
ore el

[stiantic ocean

i rtevilla X €
10 miles
E tira S b 8¢ Clar

Lo

7
loel =1on20

Meclua o “ine wnd

Atlantie Ocenn

Paln Brach P
Gereon & Seen Romdr

Incrfiagie
"B thrs 3 0 8 Cler

Lon 1~
1oen 56

Sanc and shetl

tlensic Ocean

Po1n Hecch P18
(710 Dol Mer & Banvan &(

Taeftr dte

5 trrv ® 20 8 Olesr

1o W
1 on %0

%90 ang enell

Atlnt ¢ Ocapn

Palz Beocr Pl
24n 1 dve

Tnc et tnite

NE thra T to 8 Clear

1o 10
1on %0

Banc end shelt

Lttentic Corsa

Paa

Beat Ple
vectier

onean Ave
1+ 1natr

3 thru 5 te 3 Ctrer
100 K

1 on 50

Saad wnd ehytl

224 000 cu yas

Kate of Llttorsl +O U60 cu vde L0 cu y ¢ 2+ 000 cu yu 225 000 cu yon 225 €0 ¢u yte
Traneport per year
Dir of Livtoret= inted Sout vert Soutt ext S0tz - South = South = South ~ gouth = South - Pr cosineto
5 neport Samer] Sou vest Sou Wweat Eertn ¥ortn Horth hortn Yorth North
HATRRIAL ATALLADLE FUB HOURTSRKENY
Lvetion Avercen Jalet Oreat X, Inlot Leve Rute Bere Coannel Le ¢ orth m¢ Iolané [iece forth 034 Ialant |Lake 4orth ant Inland [Lake orth snd lnlend
Voterwy Vot ervg steray Vateremy
Dlstanre from FLIL 021013 ailes 0 F tog 5 atlas 3 030 ailes "0 16 30 niles 72102 0 sler 2 %0 0 niles 0" t0 2 ¢ miles 02020 sllew

Charecrer of Koelum to fins und | Meflus $o fine sand  [Wefivs to cine stne  [Medlom to fine sand  JSsd, Pell mn ellt {Sane, chell 4od eflt [Sond ehell ond sili [sand wiell and eilt

hatoried well eac 0ilt n? soell ¢ tlen alt 2 sl

Quniity draslevls anplo Amgle awpre aame ook r lamera aapte faxp1a

ROURTSUEN® ACCONPLLSETD

Type of Neurscomemt  [Divect placeneat Dy  [Dir ot plecrment ny  [Direct plecenent by  [Uirect placement 5y [8tscxpile by stockptle by sto ksile by Stockpile
ryereutic dreige hyarautic dreze hrarealic dredes hn raulic drac.e nysreulic erecsy hyt roulic eredsn st reutic cretge brraulsc drndye

Prieary Niposs Beach Beach [nach Bench snore nt anore Shore nourdsanent sher ¢ ne s anaeat

Glope of = {Bc* = My |1 on 7 10830 1o 1 0 10 1o 100 5 1on 5 1on s

foresors (arver 433 {1 en 5 lomb 2 or 7 1oa 7 Loni-tiant LonT-10r 10 1enT-10n10 Loa?-1omi0

Blaenesons of 1111 11N x 200 18 M x 300 33M r yo CERTRTY 0 8 91 2 koot o ¥ ¥1 x koot 0 6 41 & 3301

Totsl do or Ca Tde | 700 00 1 500 aco 1 o758 890 600 ooe F3 oco 1 035 ono ush Eho 300 000

Cost per Cu Ta 7 cante 75 cente fc cente 14 cents 19 3 eantn 19 3 cents 19 3 cente 3% cente

Date Placed July 1918 1952 1952 19% Moy 1okg — Nov dgbs  lwav 19hs - Wov 198 IMay 1908 - Wov 10t [hug ASEL

dotiuated bige of T [ 5 yeurs = yeare 5 eare 5 years 5 yoars

ANTIFIGIALLY WOUNISEYD AND CORSTPUNYED BEACHES

DRSCKIPTION OF BATURAL CONBITIONS

aposurs

WE thra b to $ Cless

L ted Jlear

¥3 tou 2 to $ Glear

Senetal aren atlantic Gomn Atlastse Ocesa [at1antic doma Atleatio Ocasn guke ot Kextoa " Lave Hiclgsn
e un
Srs Min Beach Pla Pale Py % 1 Lave sorth Rarrieen Goniy Mist |Chicaro Fark Il
[Hactserraneea ave e Lterranran & 0pa # Pald Beach Capal |Inlet Yorth & Fullerton Aver
Lt Tedstlnite nceflalte [aderiatie Intatinlte Inestinite 10 mils
Frovlra aren
MR thro B 1o 8 Clear |85 thra S e & ¥ thru X to 8% Clear

cat le 13 M1 fouth
filp Ie 23 B bouty

Tvpe of hourishmnst

Prisary Purpors

Digenriony of F11L
Totel ¥a of Gu Yds
Gast p TG T

Date Ploced

$lape of  (Batere sa)
Persemre (After ac)

Fattaten Lifr of Fil1

ny raulic &rofie

Stockpy]
bytrealle craize

hydraulte &redge

Contlnuous = Brookplls
Pypeesing Moot

Blope - Yoresnors 10310 1en 20 1on 10 15 1oa 20 1o 7
Hearruor 100 50 1m0 1o ton25-1om%0 loenls-1sm700 |30n50
Such Mabrrial fas¢ one atel Sand az il Bart an’ sbell KeS1om to fine ssnd  [KF2 n do fine xaac  |$and enf crevel
Coaructeristic g sholl ehald and clay
Jate of Liryered 25 000 o8 yds 25 0Lp *o yds 225 000 v yPe 22¢ 000 o ydo 37 600 ou yde
Tranesort per year
Dir of Sousn foul = Soatts - Routh - Pre oninate fouth
Transpert Sur vl Bortn Rortn fornn Tth south
NATRRIAL AVAILAZLE FON SOURISMONTE

Location Laxe focth an¢ Iast, [lake jorth ant Inlssd |Lsve Vortn ses laleot |Worth side of Inley  |Miesteslypt temd Take Michlgen

steray ¥slrrvay atermy
Betarce Traa P11 §0 2 8 2 G alloe €2 10 2.0 sllex ©2mlle 01 sle © 3 alle @06 t0 0 5 atle
tharn tor of Sand ehell an¢ M3t |Sand ahell end o3}t [Samd el sne etls |Metlum te (ine st |Mediws to fine and, | Medlun to fine sant
Kateriel ead abell olay snd ellb grevel and ot
Quotits avallenls | Ample dapte [ aggle

NOTRISICRNP ACCORFLISEED
Stoospile by e by Stocapiis Yy Dlrect placwsent by | Pirect placemeat by

nyareudic sredrs

byiraulic ‘redgn

Buore nourd Suere "orn tore Mk Peocn
lems l1ay 15 1e7 loa5-leny oy
loa7-1lei0 lon7-lels tonT-1a o 1wl len?-loato ten?

© oMt % "6t e 30 2 0Kl X3

21, by 330 000 100 000 40 000 £ oe o0 270,000
R2oes 12 canre 158 t0 M & cynte

Ne, 1AL - vy 1gvs | Ialy 1% pres Babogeer 151 - 1052 108 = 1930
5 vem 5 years 5 vears




