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abstract 

This paper demonstrates the results of the comparison 
between the calculated alignment of the beach's plan view end 
the actual alignment that resulted from the natural wave action. 

A new groin system was designed to replace an existing 
one,  Th? new groin system and spacing ujas designed to hold the 
beach fill at the required width during average wave conditions 
as well as changing storm wave conditions.  The system was de- 
signed for Las Tunas Beach, a beach near Los Angeles, California, 

In other words, the energies are tabulated for all 
storm conditions, and the beach alignment is recalculated for 
changing storm conditions.  As the beach plan view alignment 
rotates back and forth with changing storm directions, it must 
always meet the minimum beach width requirements.  This may 
entail changing the groin lengths, heights and spacing several 
times before the design complied with all requirements. 

Surveys from 1929 to 1970 showed that the beach did 
not have long periods., periods of several years, of constant 
ernsion or constant accretion.  If there are no major man made 
changes, it is safe to assume that nature will provide an 
ad^ruate sand supply. 

L=s + , but not. least, the calculated beach alignments 
check with the empirical information gathered from years of 
survey;ng. 
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This paper tells of a groin system and sand fill that 
was calculated by the use of resultant wave energies. 

The beach to be studied was widened during 1929 by 
damming up the littoral drift with five sheet pile groins.  We 
plan to replace the five groins with two long rock groins and 
fill the groin system with sand.  The new groin system and beach 
alignment was calculated and compared to existing alignments 
that have been surveyed over the ybars. 

Plate 1 shows the beach as it was seen recently and 
the way it will look after widening.  This beach, called Las 
Tunas Beach, is located along the Pacific Ocean shoreline, a few 
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 would be if it were a laboratory model.  Surveys have 
been 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 range 3ines are spaced 250 feet apart along this 
.15Gn feet of proposed shoreline development. 

Plate 3 demonsfcratps our met'hod of plotting and 
comparing the profiler;. 

The beach foreshore slopes remain somewhat parallel 
during seasonal and long term changes. 

The groins have deteriorated years ago and allowed 
the beach to return to its present pastion.  Since the existing 
beach has remained in this position, except for seasonal changes, 
since surveyed during the early 135P's, it is evident that there 
is adequate nourishment and the beach is stahlp. 

Plate U   shales the comparison between the calculated 
alignment and nresent alignment.  The calculated alignment rjas 
made for stnrT. eominr from south, southeast to west.  The shore 
line on th::s plate noes east and west and you will note the 
difference in the resultant inshore wave directions. 

The predominant inshore wave direction changes only 
slightly with different storms, while seaward of the islands the 
storms varied nnre than 120" in direction. 

A more detailed discussion of what wave statistics are 
used will be covered later.  At this time let's discuss the 
different alignments.  Note the alignments from the westerly 
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PLATE   1 

LAS    TUNAS    BEACH 
IMPROVEMENT    PROJECT 

BEFORE   BEACH  IMPROVEMENT 

AFTER  BEACH  IMPROVEMENT 
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PLATE  2 
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This Plats shous the onshore beach control lino with "M" 
monuments and lines extending seaward that formed the paths For 
the beach profile.  Direction and scale can be determined from 
available survey data. 
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PLATE 3 

Beach Profile 
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PLATE i,A 

X Azimuth 246° is a deep water wave from the west. 
• Azimuth 210° is a deep water wave from the south. 
X Azimuth 232° is the predominant wave direction. 
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PLATE  hB 
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PLATE  4C 
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waves as they compare to those from the south and the predominant 
uiav/e direction of all waves. 

Since the sand fillet will attempt to align itself 
normal to the wave orthogonals from these predominant wave 
directions, we can calculate the alignment of the shoreline by 
knowing the inshore direction of the orthogonals. 

The next question is how did we calculate these different 
shoreline alignments and where did we get the wave statistics to 
do it with. 

Plate 5 shows the crux of the problem.  The hindcasted 
wave statistics must be brought through the island maze, refraction 
and resultant wave directions must be calculated. 

Note where the hindcasted wave statistics were compiled, 
Station a and Station 7, and where the wave statics were tabulated 
inside the island maze, la> .r?"*-^ ipnq. tig* i7\ 

Plate G shows a summary of the work, and an explanation 
of the various 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 Stations A and 7 were compiled within 221/z 
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, 
based on energy calculation, of those waves shown in Column Mo. 1. 

The first calculations were to change the wave statistics 
to deep water wave energy.  Since relative energy was all that was 
needed, we calculated the total storm wave energy by the use of 
significant wave heights.  You will note, I used the word "total". 
In other words, we calculated the wave energy for the total 
average annual time that given storms would occur during the 
year. 

The next step was to calculate the resultant energy for 
all the storms within the 2?/2 degree segments represented in 
Column Mo. 1. 

The resultant can be calculated by vector analysis. 
The length of the vector represents total annual energy for 
storms and the vector direction represents the direction of 
these storm waves.  By joining these vectors end for end the 
resultant energy and direction can be calculated. 

Column Mo. 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 Beach.  This shift will be explained in a 
later plate. 

Column No. h   is a summation of Columns 2 3nd 3. 
Column Mo. 5 shows the resultant relative energy that 

has been calculated for different storm conditions at Station A 
or Station 7. 

Column Mo. 6 shows a coefficient that indicates the 
decimal part of this energy that gets through the island maze. 
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PLATE 5 

\-~-Vi) 

Note stations where uaue statistics we re compiled 'W>", 
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:ile call this the island sheltering coefficient. 
Column No, 7 shows the fractional part of the energy 

that reaches the deep water area just off Las Tunas Beach. 
Three important beach forming wave resultants exist, 

wave resultants from westerly  waves, southwesterly waves and 
southerly waves. 

Other waves considered in the tabulation are as follows: 
The waves from the southwest have a very high energy 

value but are so close to the predominant wave direction that no 
special consideration need be given them. 

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

Plate 7 shows the way the island blocking is handled. 
The details of this type of blocking can not be completely covered 
here, but in general the area under the curve shown represents 
total energy from the average storms and the area under the curve 
and not rrosshatched shows the part of the energy that gets 
through the islands. 

Because of the irregularities of wind waves within the 
island maze, it was expedient to divide the problem into two parts 
—energy resulting from deep water swells, and energy resulting 
from fetch, wind and local conditions. 

Since little wave decay exists between Station A or 7 
and Las TUnas Beach, the plate shows how the island sheltering 
affected a wave with an azimuth of 175° from Station A, 

In the formula id&-K(l + Ces Z&)d»i ®is the angle on 
either side of the center of the waves forni«i.i and \<i@   is the 
energy for a small sector of©.  The H anricJocan be chosen to be 
unity without significant e^ror.  Because this wave is a deep 
water swell, a path of 45° on eether side of 175° is considered 
and the blocking effect is shown.  The energy will be reduced hy 
2?.%  of the energy at Station A and the resulting wave azimuth 
will increase from 175° to 197°—this direction change is achieved 
by calculating the resultant of the energy in the open windows. 

The unhlocked energy is represented by the figure 17.13 
which is the area under the total curve, and 3.31 represents the 
area cf the open windows.  Therefore, the energy just off Las 
Tunas Beach ecuels energy calculated at Station fi, times 
(3.81v 17.13) and enuals ?.?_%  of the total energy. 

During sea conditions in which the sheltering land 
masses are within the fetch area, a wave path of 90" on either 
side of the fetch directions is considered to be good.  Decayed 
swell conditions can lead to overestimating the effects of island 
shelter!^.  The variability of wave direction for swells can be 
Jess than '-»5° and may he only a few degrees for very distant 
storms.  Remember, the island windows are based on the average 
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PL 

WAVE  DIRECTION   174.8°AT STATION "A" 

Chart for Computing Island  Sheltering   Coefficient        i - K(l + Cos26)dQ 

©   = Angle on either side of predominant wave direction 

PredfjrPiri/iP.t,  URVR   ciirec+..lon   = 



1398 COASTAL ENGINEERING 

wave period for all swells, and the long period smells mill not 
get through windows as large as those shown.  Forty-five degrees 
probably represents an average figure.  Beaches in Los Angeles 
County are developed, primarily by the mid-range wave conditions 
and not the unusual rare occuring large wave conditions. 

Investigating island sheltering necessitates considering 
the depth to which this island blocking will take place. 

This was accomplished by determining the average wave 
period and taking 50 percent of the resultant deep water wave 
lengths as the depth to which the offshore islands will block 
continental bound wavps. 

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

Plate fl shows the plotted profiles and the grouted groin 
area.  The grout is placed on the porous cap stone to make it 
impermeable far enough seaward to maintain the beaoh at a minimum 
width. 

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

Last, but not least, the calculated beach alignments 
check with the empirical information gathered from years of 
surveying. 
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PLATE 8 
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