CHAPTER 76

CALCULATED SAND FILLS AND GROIN SYSTEMS

by

John S. Hale
Head, Ocean Engineering Group
County of Los Angeles
California

Hbstract

This paper dpmnanr?tpr the results nf the comparison
betuszen the calculated alignment of the heach's plan view and
the actunl alignment that resulted from the ﬁatural wave action,

A new oroin system was desinned to replace an existing
nne,  The new nroin system and spacing was designed to hold the
heach fill at the reouired width during aversge weve conditions
a5 well as changing storm wave conditinns. The system was de-
aigned for Les Tunas Beach, a beamch near Los #dngeles, California.

In other words, the energies are tabulated for all
stntm conditions, and the beach alignment is recalculated for
changing storm conditions, As the beach plan view alignment
rotates hack 2nd forth with changing stoem directions, it must
Alwaya meet the minimum beach width reouirements,  This may
entpll changing the nroin lengths, beinghts and spacing several
timrs hefare the design complied with all recuirements,

Surveys from 1929 to 1970 showed that the beach did
nnt have long pericds, periads of several years, of constant
ernsior or constant accretion. IF there are no major man made
channes, it is safe to assume that nmature will oreovide an
adecuate sand supcly,

L=gt, byt not least, the cnlculated heach alignments
check with the empirical infoemation gathered from years of
srvey i,
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1386 COASTAL ENGINEERING

This peper tells of a groin system and sand fill that
was calculated by the use of resultant wave energies.

The besch to be studied was widened during 1929 by
d=mming up the littoral drift with flve sheet pile groins. e
nlan to reclace the five croins with two inng rock groins and
fill the groin system with sand. 7he new groin system and beach
alignment was calculated and compared to existing alignments
that have been surveyed aver the years,

Plate 1 shows the beach 8s it was seen recently and
the way it will look after widening. This beach, called lLas
Tunas Beach, is located along the Pacific Ogesn shoreline, a frw
miles westerly of the City of Santa Monica in the County of Los
Angeles, California. This is, of course, within the United
States,

Because of the amount of survey data available over a
great number of years, the natural beach has been examined much
like it wculd be if it were 8 laboratory model, Surveys have
heen taken at various seasons of the year and during changes of
wave climates,

Since the beach's five long groins dammed up the
littoral drift, surveys of the natural beach would tell us how
the littoral drift was impounded and indicate the plan view
alignment changes with different wave climates.

Plate 2 shows the locations of our range lines along
which surveys of the ocean bottom were repeated and compared,

See Plate 1 for the location of five groins and the
remaining sand fillet,

Cur renge lin
150N Fret of proposerd =

Filate 3 demon
camparing the rrofiles,

The aeach foreshors slopes renein sumpwhat parsllel
during seasonal and long term changes.

The nrnins have deteriorated years age and alloued
the heach to return to its present rostion., Since the existing
beach has remained in this position, except for seasnnal changes,
gioce surveyed durine the early 1950'z, it is eviden!t that there
is adeguate pourishment and the besch iz stahle,

Plate 4 chows the comnariseon hetween the calculated
alignment and nresent alignment., The calculsted alignment was
made for storas coming Tram snuth, southeast to west, The shore
lire an this nlate noes east and west And you will note the
difference in the resultant inshore wave directions,

The nredominant inshores wave direction rhanges only
slightly with different storms, while seaward of th= islande the
storms varied mare than 1707 in direction.

A more detailerd disnuesion of what wave statistics are
used will he covered later., At this time let's discuss the
different alignpments, Note the slignmente From the westerly

es are spaced 250 feet apart along this
horeline rdevelorment,
strates our method of nlotting and
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PLATE 2
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This Plate shows the onshore beach control line with "NY
monuments and lines extending seaward that formed the paths for
the heach profile. DOirection and scale can he determined from
available survey data.
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PLATE 3

Oeach Profile

Horizontal scale: 1 inch = 365 feet
Vertical scale: 1 inch = 3.5 feet
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PLATE 4A

X' Rzimuth 24€° is & deep water wave from the west,
® Azimuth 210° is a deep water wave from the south.
*x Azimuth 232° is the predeminant wave direction,
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PLATE 4B
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PLATE 4C
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waves as they compare to those from the south and the predominant
wave direction of all waves.

5ince the sand fillet will attempt to align itself
normal to the wave orthogonals from these predominant wave
directiomns, we can calculzte the alignment of the shoreline by
knawing the inshore direction of the orthogonsls.

The next cuestion is how did we crlculate these different
shoreline alignments and where did we get the wave statistics to
do it with,

Plate 5 shows the crux of the probhlem. The hindcasted
wave statistics must he hrought through the island maze, refraction
and resultant wave directicns must be calculeted.

Note where the hindcasted wave statistics were compiled,
Station & and Station 7, and where the wave statlics were tabulated
inside the islend meze, le® 32985 [one, HEC 377,

Plate 6 shows a summary nf the work, and an explanation
of the verious steps that were followed.

Column No, 1 shows the wave directions at Station A,
Station 7 and those used to tabulate the local winds,

The waves at OStations A and 7 were compiled within 22%
degrees arcs, of which the directions shown are the center. The
local waves or those called sea, are recorded within ten degree
arcs, and the directions shown are the center of these arcs.

Column No, 2 shows the resultant wave directions,
pased on snergy celcoulation, of those waves shown in Column No, 1,

The first ce=loculations were to change the wave statistics
to deep water wave erergy. Since relative energy was all that wes
nended, we calculated the tatasl storm wave energy by the use of
siznificent wave heights. VYou will note, I uvsed the word "total".
In other words, we caelculsted the wave energy for the total
average annual time that gilven storms would occur during the
year.

The next sten was to calculate the resultant energy for
all the storms within the 22% depree segments represented in
Column No, 1.

The resultant can be calculgted by vectnr analysis.
The length of the vector represents total annusl energy for
storms and the vector direction represents the dirwction of
these storm waves. By Joining these vectors end for end the
resultant energy end direction cen be calculated,

Column Ng. 3 shows a tabulation of the shift in the
direction of the resultant of wave energy when the point of
observation is moved from Station 7 or A to the deep water area
just off Las Tunas 8easch, This shift will be explained in a
later plate.

Column No. & is a summation of Columns 2 and 3,

Column No. 5 shows the resultant relative energy that
has heen calculated for different storm conditions at Station A
or Steation 7.

Column No. 6 shows a coefficient that indicates the
decimal part of this energy that gets through the island maze,
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PLATE 5
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PLATE 6
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de call this the island sheltering coefficient.

Column No, 7 shows the fractiomal part of the energy
that reaches the desp water area just off Las Tunas Beach.

Three important heach forming wave resultants exist,
wave resultants from westerly waves, southwesterly waves and
southarly waves,

Cther weves consicered in the tabulation are as follnus:

The waves from the southuest have a very high energy
e hut are so clnse to the predominant wave direction that no
ial consideration need be given them,

The local wind wave enerpies are tahulated at the bottom
of the plate under the term sea, None of these waves have signif-
icant quantities of energy in the study asrea, Furthermore, the
waves from 226° to 145° pccur over a wide range of months and
involve many small storms during the year. Thus, the snergy fnr
any individual storm will be guite small and will not he very
effective in shaning the study area coastline,

Flate 7 shows the way the island blocking is handled.
The detsils of this type of blocking can not be completely covered
here, but in general the area under the curve shown renresents
tot=zl energy from the average storms and the area under the rcurve
and not crosshatched shows the part of the energy that gets
through the islands.

Berguse of the irvegulasrities of wind waves within the
Islend maze, it was expedient to divide the problem into two narts
~=energy resuliing from deep water swells, and energy resuwltirg
from fetch, wind 2nd local conditions,

Since little wave decay exists hetween Station A or 7
end Las Tunas 3esch, the plate shows hnw the island sheltering
affected & wave with an azimuth of 175° from Ltation A,

In the formula 1de=K(I+Cos 28)de, ®is the angle an
pither side af the center of the waves farmed and idé@ is the
energy for & small sertor of @. The K andde nan he chasen to be
vnity without significant error, BSecause this wave 1s a deep
water cwell, a path nf 45°% on eether side of 17%° is considered
and the hlocking effect is shown, The energy will he reduced by
22% uf the energy st Station A and the resulting wave azimuth
will increase from 175° to 187°--this direction change is achieved
by calculating the resultant nf the energy in the open windnus,

The unhlocked energy is veprcsented hy the figure 17,13
which is the ares unrer the total curve, and 3,31 represents the
area of the pnen windows, Therefnre, the energy just off Las
Tunzs Beach =srusls mnergv calouylated at Station A, times
(3,81517,13) and enuels 22% of the totsl energy.

During sea conditions in which the sheltering land
masses are within the fetch area, a wasve path of 80° on either
sirde of the fetch directions is considered to be good, Decayed
swell conditions can lead to pverestimating the effects of islond
shelterinc, The yariahility of wave direction for swells can be
less than L5° and may he only 2 Few degrees for very distant
staorms, Remembsr, the i=zlend windows are based on the average
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WAVE DIRECTION 1748°AT STATION "A"

Chort for Computing islond Sheltering Coefticient i=K(1+Cos20)dO
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wave period for all swells, and the long period swells will not
get through windows as large as those shown. Forty-five degrees
prohably represents an average figure. Oeaches in Los Angeles
County are developed, primarily by the mid-range wave conditions
and not the unusual rare occuring lerge wave conditions,

Investigating island sheltering necessitates considering
the depth to which this island hlocking will teke place.

This was accomplished by determining the aversge wave
period and taking 50 percent of the resultant deep water wave
lengths as the depth to which the offshore islands will block
continental hound waves,

The refraction diagrams were calculated and used to
determine the resultant inshore energies.

Plate 8 shows the plotted prafiles and the grouted grein
area., The grout is placed on the porous cap stone to make it
impermeable far enough seaward to mazintain the beach at a minimum
width,

The last ingredient is the guestion of an adequate,
continuous sand supply. Surveying the heach aver a great many
vears also gives us the answer to this auestion, Surveys from
1929 to 1970 showed that the beach did not have long periods-—-
periods of several years of caonstant erosion and constant accretion,
If there are no major man made changes, 1t is safe to assume that
nature will provide an adetuate sand supply.

Last, but not least, the calculated beach alignments
check with the empirical information gathered from vears aof
surveying,
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PLATE 8
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