CHAPTER 22

ORIGIN, EFFECT AND SUPPRESSION OF SECONDARY WAVES

by C.H. Hulsbergen *
1 Abstroct

Beoch profile formation moy be severely affected by secondary waves which, together
with the bosic wave, alwoys originote fram a sinusoidally.moving wave baard The
ascertoinment af this experimental fact is fallowed by an investigation of the behaviaur
of the generated waves ond their interactions It appears thot the many choracteristic
features, omong which the spatial beat phenomenon and the secondary crest formotion,
ore generally 1n good accordonce with the theories of Fontanet []4], ond Kravtchenko
and Santon [20] It 1s concluded thot on "outer" onalysis, e g by plotting the x-t-
lines of visible peoks, 1s only of limited use to describe the "inner" character of the
complex phenamenan. The subsequent study of the effect of secandary woves on o
harizontol sond bed reveols thot not only the wave form, but alsa the sand transport
varies spotially, resulting in the farmation of bars and troughs This typical behoviour of
the onshare-affshore transport 1s provisionally investigated in a small pulsating water black.
Finally, a methad is described which suppresses the secondary waves, by using a low

rectangular sill an the atherwise harizantal battom

2 Introduction

Secandory woves, solitons, ar disturbing waves are three different nomes for a peculior
kind of wove phenamenon which hos been reparted under various canditians All des-
criptians mention that a regular progressive wave ar swell is accampanied by one ar

more extra wave crests of o smaller height and with a lower prapagotion speed Secon-
dary waves have been reparted in loboratary experiments with nan-breoking waves over

o horizontol bed [4,5,”, 15,16, 18,24,25,31], an o slope or neor an obrupt variation in
depth, with or withaut breaking [13, 16,19,24,26,27, 30], under notural conditians [6,10],
[21], ond 1n onolyticol or numericol computotions [7,8,]2, 14,20, 23,24,32,35]. The exis-
tence of the phenamenan is na longer o matter of dispute, olthough in its outer oppeoronce
it hos sometimes been confused with the - real - wove reflection or with the - non real -
"créte secondaire" aof Miche []8] With respect ta the arigin ond the nature of secondary
waves, hawever, na comman apinian or complete theory exists os yet, in which situotion
voriaus deviating interpretotions hove been put forward This paper is mainly confined ta
the cose of progressive waves over a horizontol bottom, generated by o sinusoidally-moving

piston-type wave boord It combines some experimentol results with existing - but portly
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SECONDARY WAVES 393

forgotten - theories, trying to describe and understand the observed phenomena.

In 1969 the starting point for this study was the experimentally-observed fact that beach
profile formation may severely be affected by secondory waves Fig 1 shows three beach
profiles which all had developed to entirely different equilibrium positions in identical
wave channels under the same wave conditions The profiles appeared to be strongly in-
fluenced by the sond bars and troughs, which had developed from the originally horizon-
tal section of the bed This bar system, althaugh being outside the breaker zone, con-
trolled to a great extent the position and the type of breaking, and thus the water move-
ment and sand transpart in the surf zone The formation and the geometry of the bar system,
which was not caused by wave reflection, seemed to correspond with and to intensify the
secondary surface waves which had been present from the beginning, although they were
hardly visible then Apparently, these small secondary waves originated at the wave board,
and a set of experiments were conducted in order to establish the exact nature of the

produced waves

3 _Origin and behaviaur of secandary waves

3 1 Experimental canditions and measuring procedure

The tests were conducted in two different wave channels, 1 24 m and 0.91 m wide, with
smaothly finished sides and bottoms The lengths of the horizontal sections were 9 m and
13 m respectively, and both channels ended with a 1 in 20 sloping beach as a wave
absorber No other wave absorbers or filters were used A vertical boord, sinusoidally
oscillating in a horizantal plane, was used as a wave generator Wave periods T varied
fram 1 15 s ta 1 92 s, the woter depth h varied fram 0 10 m to 0.55 m, and the wave
height H varied between 0 02 m and 0 15 m The water depth to wave length ratio h/L
thus varied from 0.05 to 0 20, and the Ursell parameter Ur = HL°/h” varied between 2
and 104 In general four different wave board strokes were chosen for each h/L-value
The wave form wos measured in the centre line of the channel in paints 0 2 m apart
over a distance of at least 6 m, starting near the wave board A harmonic analysis
yielded the local amplitudes of the first, second, third ond fourth harmonic components
ay, 9y, ag and ay, averaged over three wave periods The resulting regular spatial vari-
ation of a_, an example of which is presented in fig, 2, forms the essential basis for a

further analysis
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3 2 Twa different interpretatians

The typical wave farms did nat differ fram thase reparted earlier, e g [5,‘5, ]6]. An
almast sinusardal wave farm near the wave generatar defarms, while prapagating, gradu-
ally inta a nan-symmetric ane, with a small hump behind the main crest. This hump may
develap, depending an the value of Ur, inta a definite secandary crest, lacated in the
traugh af the mam wave. On that lacatian, the wave farm is symmetric again with res-
pect ta the crests Further dawnwave this pracess is repeated in reverse, until the appr
sine farm 1s reached again, etc. (see fig 3) At any fixed place the wave farm is
canstant in time At a first glance, ane cauld take the hump ar secandary crest as an
extra wave, having the same periad as the main wave, and propagating with a lawer
speed because af the difference in wave heights Accarding ta this viewpaint, e.g.

[15, 16,24], bath waves shauld be just in phase at the lacatians where a sine wave
results, which has a smaller height than at all ather lacatians The incarrectness af

this viewpaint may be demonstrated by the fallawing argument: 1f the difference in

height wauld be the anly reasan far the difference in celerity, there wauld be na reasan
at all far the sine wave ta change its farm, because at that lacatian bath waves wauld
have the same height, periad, and water depth, and thus the same celerity

Accarding ta a different paint af view [18,23], the symmetrical wave farm with the secan-
dary crest shauld be regarded as a superpasitian af the main wave with periad T and a
smaller wave with periad T/2, the sa-called secand harmanic free wave One crest of
this smaller wave cantributes ta the visible secandary crest, while its ather crest caincides
with the main wave crest and makes it higher than narmal Thus, the second harmanic
free wave is here exactly in phase with the secand harmanic campanent of the basic
wave The resulting sine wave, an the ather hand, 1s caused by the fact that the free
and the caupled secand harmanic waves are exactly out af phase and are almast cancelled
aut Care must be taken, hawever, nat ta be misled by the auter appearance af the
waves In general, the visible peaks da nat carrespand ta the crests af real waves, simply
because a recorded wave farm has na awn identity as saon as it must be regarded as the
summatian of mare than one participating wave This second point af view agrees well with

what may be expected an the basis af literature
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3 3 Theoretical cansiderations

Fantanet [14] predicts the amplitude and the phase af the secand harmonic free wave,
which is always the by-product of a sinusoidally-maving piston-type wave board (fig 4)
Far low h/L-values the free and the coupled second harmanic waves are virtually 180°
out of phase Kravtchenko and Santon [20]pred|ct the generation and the interesting
behaviour of a set of two waves, generated by two interacting free waves, with T],C],
L) Ay and Ty, Cy, Ly and A, as period, celerity, length and amplitude, respectively.
The new interaction waves have periods defined by the sum and difference frequencies of

the interacting waves:

T, = | VT = VTy]and VT = /T + /T, (3-1)
The corresponding celerities are

Cp = Lilp (Ty=To)/T T, (LymLy) and Cf = LiLy (Ty#T,)/T T, (Lytly) . (3-2)
The corresponding amplitudes are given by

A* = A Ay Y 1,2 and A*’ = AA, fl]’z (3-3)

where ¥ 1,2 and f]]’z, non-dimensionless coefficients of interaction, are very lengthy
functions of L],L2 and h [20]

So the interacting basic wave (period T) and Fantanet wave (periad T/2) produce twa
extra waves with periads T* =T and T*’ = T/3 according ta (3-1), whereas their
celerities C*, C*’ and amplitudes A*, A*’ are given by (3-2) and (3-3) As an example,
fig 5 presents the values °FX],2’ T]]’z and ’1],2/3 1,2 % functian of h/L] for

T, = 1 56s and T2 = 0 78s The basic wave Is regarded as a third-order Stokes wave,

i e composed of three harmonic components, with amplitudes A], Ay’ and A3’, all
propogating with the same celerity C, of the basic wave

We have, then, six different "waves", viz three pairs of waves with periods T, /2

and T/3 respectively In each pair both waves thus have equal periods T/n (n = 1,2,3),
but different celerities (fig 6) FEach pair can of course give only a single value of

a, in the harmonic analysis at a specific location, obtained by adding the constifuent
amplitudes as vectars Each resulting amplitude a, must then theoretically display a
rhythmic spatial behaviaur Its maximum and minimum values are the sum and the diffe-
rence, respectively, af the amplitudes of the participating "waves" Because of the diffe-
rence in celerities, the faster wave of the pair will overtake the slawer one within a

certain distance, the overtake length Lov It follows immediately that

Lav = Lstow qust/(chst_cslow) (3-4)

where the subscripts fast and slow refer to the faster and slower wave, respectively
As an example, fig 7 shows the expected behaviour of a; as a functian of the phase
anglep (x) between the canstituent amplitudes A'I and A* It should be noticed that the

celerities of a; and A] are n general not equal.,
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3 4 Comparison of theory with experiments

The second harmonic amplitude a,

Supposing that a, is the vector summation of the second harmonic Stokes amplitude Ay’
and the Fontanet amplitude A2, both amplitudes follow from the moaximum ond minimum
as values (see figs 2,7):

Stokes 2nd order: A2' = (°2max + °2min)/2 . .(3-5)
Fontanet : A2 = (°2max - °2min)/2 .(3-6)
provided that A2' p-3 A2, which is true according ta Fontanet [14]. In fig. 8 the experi-
mentally determined value of Ay’, A, and A2/A2’ have been plotted, together with the
respective theoretical curves of Miche [28] and Fontanet [14] The fact that % min
always found near the wave board (fig 2) is in support of Fontanet’s phase relationship

(fig 4) Fram (3-4) it fallows for the overtake length aof ay’
Lov2 = L&/(6S) . (3-7)

or in dimensionless form:
Lov2/Ll = C2/2(C]-C2) or L /Ly = L2/(L]-2L2) . . (3-8)
The measured and theoretical values of Lov2/L] have been plotted in fig 9, which

shaw a reasonable agreement For relatively deep water, L] = 4L2 and C] = 2C2, so
that from (3~8):

Loy2 = L]/2 .. (B39

In this case, the overtake length is apt to be mixed up with the reflection phenomenon

is

For shallow water conditions, (C, - CQ) diminishes to very small values (see fig 6)
which would give very long overtake lengths according to (3-8) However, in shallow
water the celerity increases with the wave height, which affects Cy more than G,
Therefore, the denominator in (3-8) is increased remarkably, causing the overtake length
to decrease, if C] increases only slightly So in order to find the correct value of Lov’
one must insert the correct (wave height adapted) values of C and L in (3-8). In fig. 9
the 3rd order Stokes theory [34] was used to find L°V2/L] for H/h = 0.4, but a cnoidal
theory may perhaps work out better In view of the difficulty to measure the exact
celerity of a wave, especially when secondary waves are present, the argument may be
reversed in that from (3-7) and from the exactly-measurable overtake length the proper

wave celerity con be determined:

G = L b - L) . .(3-10)
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The first harmonic amplitude a;

From fig 2 it appears that Loyt is equal to Lovz When the theoretical expressions for

Cy» G Ly and L are substituted in (3-4), it follows that Lovl/L] = LZ/(LI_ZLZ)’
so that indeed Lov] =L, The experiments (fig 2) show that 9 max always found

near the wave board; the theory {201 1s not clear on this point In order to determine
M4 [

Aq and A* from the experimental values of % max and a , the wave reflection must

Tmin
be taken into account, because reflection alone also causes a certain variation in a
With respect to A], reflection daes not interfere and the normal formula holds:

A= ( V2 . @-11)

According to [17] the reflection coefficient is about 5 /0, and especially for Ur < 28

a +ay .
Tmax Imin

the reflection appeared to be the dominating feature, causing much scatter. So only for

Ur>28 the values of A* have been determined as

A* = (a]max - a]mm)/Z - 005 AI .. (3-12)
Fig 10 shaws far the larger values of h/L] a remarkable discrepancy between A*experim.

according to (3-12) and A* according to (3-3) The reason may be that the

thear
magnitude af A*, which is only a few mm, is small campared to the disturbing influence

of reflection

From the experimental results (fig 2) it appears that az has a similar spatial behaviour

as ay Indeed, when the theoretical values for C], C*’, L] and L*’ are substituted

in (3-4), the result is again that bovs = L,

Lovl Loz © Lov3 (3-13)

One complication appears in the behaviaur of a, For the higher Ur-values (fig 2,
3

ov2’ %

run 30), there seems to be an extra, smaller overtake length, apparently caused by
yet another wave with period T/3 This might be a third order free wave, generated
by the wave board in analogy with Fontanet’s wave, but no information exists with
respect to such a wave So a certain error must be accepted in determining the ampli-
tudes Ag’ and A*’ according to

A = (°3max + aSmin)/2 - (3-14)

and A*’ = V2 . (3-15)

a -a
3max 3min
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Far the lower Ur-values, ag is so smoll (order 1 mm) that o further anolysis is useless
in view of the scotter. Therefare, only those results were used in (3~15) for which
Ag" > 2 mm. A reasonoble agreement 1s shown to be present in fig. 11 between

r r H H . r ’
A* experim. and A* theor. * olthough there is consideroble scotter. The rotio A* /A3

hos been plotted in fig. 12; if displays a similar trend os AZ/AZ' in fig. 8.

The fourth hormonic omplitude a,

The harmonic onalysis was done for four harmonics, but a, wos so smoll thot it has not
been plotted. As on overage volue, it may be stoted that the mognitude of a, was
about 50 ®/o of og.

3.5 The wave form

The presence of a number of waves with different celerities, predicted by the combined
theories and confirmed by the experiments, has as a consequence that the wave form
vories from place to place The wave form ot ony place is predictoble if the amplitudes,
the celerities ond the initiol phase-angles of oll porticipoting waves are known. From
section 3 4 it follows that this is indeed the cose to a certoin degree of occuracy,
especially for the celerity and the initiol phose angles An example of o resulfing x-t
diogram far the porticipoting wave crests 1s given in fig 13 far h/L] =010, with

the following relative celerities (compore fig 6):

CZ/CI = 0 821, C/C] = 0 695 and C*'/C] = 0 868

Near the wave board, indicated as place no 1, the six waves are phased as follows:

Ay and A are in phose

A2' and A2 are 180° out of phase place no 1, x =20 ... (3-16)

Ay’ and A’ are 180° out of phose
With increasing x the initially symmetric wove form loses its symmetry, because the
phose-relation (3-16) chonges But as soon os the crest of A, and AY hos just been
overtoken by the corresponding harmonic components of the bosic wave, another
symmetric wove results, quite different from (3-16).

Ay and A are 180° out of phase

Ay" and A2 are in phose place no 2, x = LO/Z ..l (3-17)

A3' ond A*' ore 1n phase
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Because the basic wave s faster than any ather wave, firstly same undisturbed basic
waves will pass alang a certain paint far enaugh fram the wave baard Then, as the
slawer waves reach this paint ane by ane, the wave farm will be unstatianary far same
time. Only after the arrival af the slawest wave, a new statianary wave develaps, now
cantaining all disturbing waves tagether with the basic wave [3] Sa the basic wave af
permanent farm 1s always present, but generally nat in an explicitly visible form.
Starting for example fram the canditians h/L] = 0.10, H/h = 0,36 and T, = 1.56s, the

fallawing amplitudes result fram sectian 3.4:

A, =3.82cm

Ay =1.72 cm 3rd arder Stakes wave, basic wave

AS' = 0.79 ecm

A2 =1.24 cm -~ 2nd harmanic free wave (Fantanet)

A* =144 cm } interactian waves (Kravtchenka and Santan)
A*’ =0.73 cm

Based an the experimental results in figs 10 and 11, A* and A*’ have been reduced

ta 0,965 cm and 0,635 cm, respectively With these amplitudes, and their phase relatian-
ships fram fig 13, variaus wave farms were recanstructed in fig. 14 far place na. 1,
place na. 2 and 9 intermediate lacatians; far camparisan alsa the undisturbed basic wave
has been platted Obviausly, the crest af the campased wave farm daes in general nat
caincide with the crest af the basic wave, nar 1s a secandary crest identical with the
crest af ane of the participating smaller waves Twa mare camments may be made an
figs. 13 and 14 Firstly, the tatal wave height varies and has a minimum at place na. 1
and a maximum near place na 2 Secandly, a horizontal sectian thraugh the x-t dia-
gram results in an instantaneaus wave surface which shaws in general na regular spatial
recurrence system, because the avertake length is in general nat a multiple of the

variaus wave lengths invalved

Of all lacatians, places na 1 and 2 display the mast characteristic wave farms, which
will be analyzed in same detail

At place na 1, x = k Lov’ where k = 0,1,2,3,. .. . Here practically a sine wave

results, cansisting mainly of Ay and A*, a) being maximum; a, and aj reach their

minimum values. Of all measured values, the fallawing averages result:

°2m|r/°1max = 0.10 and aSmir/almax = 0027.
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At ploce no. 2, x = (k + 1/2).L0V where k = 0,1,2,3,.... . Here the resulting wove

is for from sinusoidol, a being minimum ond both oy ond ag being maximum. Of oll
measured values in this ploce, the rotios °2mo>/°1min ond °3mo>/°1min hove been
plotted in fig. 15 os o function of Ur Two lines have been drown to represent these
points and an odditional line in agreement with section 3.4 represents the fourth hor-
monic. On the bosis of these lines, ond toking into occount the relevont phose rela-
tianship (3-17), wave forms were constructed for vorious values of Ur (fig. 16) For

Ur = 13 o secondary crest exists in the trough centre, which is 1n occordonce with
Madsen’s volue of 4112/3 [23], These "reconstructed" wove forms moy be compored with
experimentol wove forms recorded in ploce no. 2, presented in fig. 17. For both figures
16 and 17 the relative height of the secondory crest increoses with Ur as shown in fig. 18,
where also some of Golvin’s resulis [15] hove been plotted. The discreponcy between the
reconsiructed and the direct experimental volues of H’/H’rot may partly be due to the fact
thot, especiolly for higher Ur-volues, 5th and higher hormonic companents do porticipate
in fig. 17, but not in fig 16

4 Influence of secondory waves on a harizontol sond bed

Considering sond fronsport, the behaviour of the orbital motion neor the bed is of more
direct relevonce than the fluid surfoce [1] Simultaneous meosurements of the wove profile
ond the orbital velocity near the bed corried out in a long wave channel with a fixed
harizontol bottom, revealed thot their behaviour is virtuolly the some (fig. 19). This is
substantioted by a harmonic analysis of the orbitol velocity, plotted as o function af the
distonce from the wave baard (fig. 20) The regulor spotiol behaviour of the orbitol
velocity field must have os a consequence that the onshore-offshore sand tronsport vories
spatially, too. In order to check this, tests were run in a 1.20 m wide wave chonnel,
with a smoath horizontol concrete bottom over the first section af 2 m from the wove
boord. A horizantol flat sond bed extended over the next 9 m, terminoting in a 1 on 20
sloping spending beoch Fig 21 shows the experimentol conditions ond the resulting bed
farms. Ur voried from 40 ta 57 The wove lengths produced in the sand bed are very
clearly equol to the respective overtoke lengths. In test T73-1, a bor-trough system with
a smaller reference length, coused by wave reflection, is superimposed on the lorge scole
bor system. Looking bock from these results to fig. 1, the couse of the unduloting bed
profile is cleor now, reolising that L is oppr. 3.20 m for the given conditions. These

bars, once formed fram on initially flat bed, may on their turn provoke new secondory
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waves, which oll interfere with the breoker type ond breoker locotion, the woter circulo-
tian, and the morphological development in the surf zone and on the beoch. On certain
occosions, the undulations hove even been seen to develop into lorge breaker bors.
Although the drostic influence of the distutbing woves, vio the formation of bors and
traughs, on the beach profile development wos quite cleor in the case under considero~
tian, it is also cleor thot such an influence moy be present without recognizing it os
such, so that a general worning seems useful here For instance, from Bognold’s clear
description [2, p461 etc] it con sofely be concluded that he was confronted with similor
phenomeno in his tests On the other hond, the interrelotion between secondory woves,
bar systems ond beoch behaviour seems not to be restricted to model experiments [22],
so that the present study moy be of o more generol opplicotion. Therefore, the bed pro-~
files in fig. 21 hove been converted into o rote of tronsverse sond tronsport by using the
sond balance Fig 22 shows the result for T73-2, where also the wave form is presented
far vorious locations For x = 5 m, one overtake length from the wove boord, the
sinusoidol motion has no preference for o certoin directian, ond consequently the sand
transport rate is zero In generol, the magnitude ond the direction of the sand tronsport

oppeors ta be remarkobly dependent an slight differences in the wave form.

5 Experiments in o pulsoting woter block

5 1 Apparatus ond procedure

In order to study the effect of higher harmonic components in the orbitol motion on the
transverse sand tronspart, some preliminary tests were run in a very simple and small
pulsating woter block. This apparatus, originolly on ideo af Silvester [29, 33] consists
of o bottomless perspex box, forced by a programmable wove generotor to oscillate over
o bed (fig. 23). In this bed, o sond bed and two sand traps are installed. The block
moves under woter in o perspex tonk. Before each test, the sondbed is smoothed

ond mode flush with the fixed bed. The tests are divided into periods of 5 minutes, after
which the trapped sond is collected in order to define the net sediment tronsport rote ond
direction. Ripples are formed in the first 1 ar 2 minutes, sometimes stoying in fixed pasi-
tions, sometimes moving, but not necessarily in the some direction os the net sediment

transport

401
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5 2 Test results

Throughaut the tests, a basic period of 1 40s was used, with an amplitude A] = 0.05 m.
In the first series of tests, of 15 min. each, the influence of the 2nd harmonic companent
A2 was investigated With a sinusaidal movement, an almost zero net transport is found,
as expected (fig. 24) By adding the second harmonic component with AZ/AI =5 %5 and
10 °/o, respectively, and with the same phase relationship ('{72 = 0) as occurs in a 2nd
order Stokes wave, a marked influence appears on the transport pattern. By visual obser-
vation, this was caused by the circumstance that vortex formation and behaviour is very
sensitive fo the form of the orbital velocity., The correspondig velocity is also shown in
fig 24

In a second series of tests of 25 min. each, a second harmonic component with AZ/A]

= 20 °/a was added, but naw with a phase relatian varying fram Po= 09 (like in

a 2nd order Stokes wave) to Po = 90° (fig 25) The resulting sand transports for twa
sand diameters are presented in fig. 26 Clearly, these are all only quite preliminary
results, both qualitatively and ouantitatively speaking, and further tests with better
equipment are planned Nevertheless, it seems that this very close dependence of the
direction and the rate of transverse sand transport . on slight variations in the wave form
and the arbital velocity field, is important for any basic study of beach profile develap-

ment

6 Suppression of secondary waves

In order to suppress the parasitic waves, Biésel and Suquet [4] suggested already in 1951
to uyse a more realistic motion of the wave board than a simple harmonic oscillation,
Work along this line has recently led to encouraging results [9,23] . Also a different
method may be thaught of, which has provisianally been tested In this method, the
experimental fact is used that a bar or sill, placed on the horizontal bottom of a wave
channel, generates free higher harmonic waves when regular waves proceed aver it.
[]6,]9,27:' . Na theory being available on this subject, a trial and error method was
used in order to find a sill of such dimensions and on such a location, that it would
produce a second harmonic free wave of the same height and exactly 180° out of phase
with respect to the Fontanet wave. One af the results is presented in figs. 27 and 28,
giving the characteristics of the sill, the wove forms and the hormonic analysis for two

runs with the same rectongular sill on two different locations. Without o sill, a secondary
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wave was clearly visible In bath cases the influence af the sill - with a thickness of
anly 0 1 h - was surprisingly great In run D, a virtually permanent wave farm resulted
dawnwave fram the sill, while a distinct secandary wave was still visible between the
wave flap and the sill. This aptimum result was obtained with the far end aof the sill

at a distance of 3 m fram the wave flap, carresponding ta L . When the sill was maved
to different lacatians, the resulting wave farm immediately deteriorated. The warst

result was abtained far run B, where the sill was shifted aver a distance af qu/2.

This suggests that the avertake length is an impartant parameter in determining the
aptimum sill lacatian, althaugh the physical pracess 1s nat well understaad. By ladking
at it, a certoin analagy seems ta exist with the effect af a bulb an the waves

generated near a ship’s baw.

7 Conclusians

a. Secandary waves may be generated by the wave baard, ar may be pravaked by a
sill, bar, slape, ar by breaking waves

b  Secandary waves, generated by the wave baard, may adequately be described by
cambining the thearies af Fantanet [14], and Kravtchenka and Santan [20].

c. Secondary waves may have a very pranaunced influence on beach profile farmation,
althaugh this influence may be quite difficult ta recagnize as such.

d  The rate and the direction af the transverse sand transport under waves is very
delicately dependent af the wove farm, i.e the form of the orbitol velocity field.

e An adequately designed sill of rectangular crass-sectian may be used ta suppress
the Fantanet wave
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