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ABSTRACT

Investigations into the characteristics and underlying mechanism
of the circulation of water near the shore are reported. The two
main types of circulation, one a cellular system resulting from
waves proragated nearly normally to the shore, and the other an
essentially alongshore flow associated with oblique waves, are
treated separatelv.

The cellular circulation studies were made in the field at
Virginia Beach and more extensively in wave tanks. From the field
exneriments data were collected about the dimensions of the cells,
the wav in which the water circulated, the rate of exchance of surf
zone water and the extent of recvcling. A method for measuring the
changes in the mean sea level over intervals of time greater than
those of the wave periods, was develoned. The model exneriments
carried out in uniform wave tanks showed that the cszllular
circulations could be well simulated. Measuremants were made of
the cell dimensions, the velocity of the longshore and rip currents,
and of the recveling regime.
waves formed by transverse adge waves. Th= interaction of thase
standing waves with the g=nerated waves normal to the shore could
be the initial cause of rip currents and the cellular circulation.

Studies of thas alongshores svstem wore made in the field only.

A method for mzasuring the volume of flow of longshore currents

was developed, tested, and applied. Calculated volumes of flow
using a theorv based on continuity and the solitarv wave theorv

(as provosed bv Imman and Baencld) comnarad tolerablv well with the
field observations.The calculations of volumes of flow requirad a

knowledge of the wave height snectra in the surf. This was



established by making wave height recordings in the betwean-breaker
ZONG. It was fcund that the characteristics of the spectra
compared reasonably well with those predicted by the Longuet-Higeins
theory, previously assumed to apply to deep water waves onlv.

A mechanism for the transition from cellular to alongshore

system is preposed.
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LIST OF SYMBOLS

Where the work of other authors has been quoted the original
svmbols have usually been retained, except in the case of depth
which is throughout represented bv "d".

Otherwise the following symbols have been used:-

a wave amplitude
A asymmetrical cellular circulation
b of fshore gradiznt of the water surface

“b  pertaining to breakers

B factor to convert significant wave haights to root mean square
wave heights

g wave phase velocitv or concentration of tracer

C Chezv's friction coefficient
£ \

d water depth below still water lavel
D mean horizontal orbital displacement of a solitary wave
€ surf frontage fhrough which watoer other than directly racyclad

rip current water, enters the surf

g the acceleration of gravity

H wave height from trough to crest

H% significant wave height

K dimensionless coefficient of friction = /575; : B = =X

L wave length

L. length of crest of solitarv wave approaching the shore obliquely
and contributing water to the longshore current. Approximately
equal to the corresmonding length of shoreline when the

obliquity is small

Le distance of sampling stations down currant from the point of
insertion of a tracer

n the mode of edgz waves
N nodality i1.e. the number of nodes in a fixed distance

o pertaining to deep water
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the discharge of longshore currents
the discharge of rip currents
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wave period
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PRETACE

The studies here recorded formed part of a general enquiry in
the water movements in the nearshore region off the liatal Coast
near Durban in South Africa and cover the period 13860-1966. The
enquiry was instigated to evaluate that nart of the sea as a
receiving water for waste disposal. In the course of the work
certain fundamental problems wcre revealed and the studv was there-
fore extended to include not only qualitative and quantitative
aspects of the water movements but also the basic underlving

ples.

fie

princ

Certain of the qualitative findines have already been renorted
in an M.Sc. thesis .

The study was financed largaelv by the National Institute for
Water Rasearch of the South African C.S.T.R., in conjunction with
the Natal Provincial Town and Ragional Planning Commission, who
worked through a Steering Committse for the Marine Disposal of
Effluents. In part it was financed privately with assistancsa from
the Dept. of Phvsics of tha University of Natal. The Director of
Special Services of the Durban Cornoration also gave valuable
assistance.

While detailed acknowledzomants are rocorded at the end of the
report special mention may be made of Dr. 5. Stander, Dircctor of
the National Institute of Water Researeh who made the resecarch
possible, and Prof. D. Clarence, Head of the Department of Physics
of the University of Natzl, whosae encouragement and suidancs were
invaluable,

Grateful acknowledgemaent is made to the Council for Scientific

and Industrial Research, who permitted the research data to be used.
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INTRODUCTION

The nearshore rscion of the sea is that region in which
the water movements ar~ chieflv the consequence of wave deform-
ation in shoaling water - especially wave braaking, It commonly
extends seawards from the shoreline to a distance of roughly
half 2 mile. The water movements in it are usuallv described
as the nearshore circulation,

The purpose of this study has been
(a) to determine the qualitative and quantitative nature of the
circulation and (b) to anquire into the underlying cause of
certain typas of circulation especially those which are

d

characterised by a cellular structure.

Théugh the pattern of the circulations mav vary greatly
with changing conditions, past experience has shown that there
are certain essential features which make broad classifications
possible, In this report a distinction is drawn between those
in which the cellular nature is marked, and thesz in which the
movement of watar is almost wholly alongshore to the virtual
exclusion of cells. The former have been named the "cellular
circulations" and the latter "the alongshore svstem". These
two tvpas are treataed seperately in the account which follows -
the former being dealt with first.

The cellular circulations are a nhysical phenomenon of
great interest but do not appcar, from the available literature,
to have received much attention. In snacial circumstances
their form has been succassfully ascribed to diverse under—
water topogranhy. There has also been some speculation on the
possible importance of wave resonance, But there is at present

no general thr=20ry to explain them nor is there much information



s

The alongshore system on the other hand has been more
thoroughly investigatad. This is primarily becausc practical
problems cf sediment transport, such as beach erosion and
harbour mouth siltation, often arise frem strong longshors
currents, The theoretical approach has almost alwavs been
concernad with the prediction of longshore current velocities,
and the capacity of the current to transport sediments. The
quantity of water moving alongshoras has not been a nrimary
interest. Studies of coastalencineering problems with models,
usually deal with specific situations, and the diversa topo-
graphy tends to obscure the fundamontal considerations.

There is howevar 2 larese bodv of literature treating
subjeects which arc related to cloments of the circulation.
Notable are those on wave pronagatiocn and deformation in

2

shozling water, and set-un

o

t the shores caused bv wave a2cticn.
While the literature on these =ubjeccts is of great valuz it is
in the main limited t» the two dimensinsnal case - in manv
instances a limitation consequent unnsn the use of wave flumes.

In the studies reported below the aim has been to examine
the circulations as 2 whola, This nolicy was adonted both
because of the original need for answers to2 practical nroblems
and because this annrcach has bezn so seldom trizdi in the past.
Inevitably the consequences of such a nolicy ara that dapth of
study must sometimes be sacrificed, and order of macnitude
meacsurements sometimes accepted.

The work carried out on the czllular circul=stion ecommpisged

(a) measurements in ths field, made majnly at Virsinia Baeach,

to determine the dimensions of the cells ~nd tha circulatinn,

including the order of maonitude of the volume of flou,

Some sea leval measurements wars 21so made.



(b) experiments in wave tanks where the emphasis was on the

)
I—J.

underlying principles, esnecially the part played by wave
interaction.

The longshore svstem study included

(a) wave height spectra determinations in the between breaker
ZONe

(b) the development and testing of a method to measure longshorsa
currents rate of flow

(¢) the apnlication of the methed on selected oeccasions off
beaches in the vicinity of Durbany and a comparison of the
results with those pradicted by theory.
The location of the sites of the fiald tests are shown in

Fig. 1=1.

8. The arrangements of the data is as follows.
The first four chapters are concerned with the cellular
circulationsy Chapter I with a general literature summary;
Chapter II with a summary of a previous study on the Natal
Beaches; Chapter ITI with a report of the experimental work -

th

[4H]

fiedld work coming firsty and Chanter IV with a discussion.
Chapter V deals with the literature, expariments and
discussion pertaining to the alongshore svstem.

Chantor VI has a summary of the findings and certain

suggecstions for further research.
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1. THE LITERATURE

L General

While the literature roviewed in this scectisn has general
relevance tc water movements near tha shore, it will have greatar
applicibility to the cellular circulations. The literature
specific to the aloncshcfe systam will be reviewed in the anpro-
priate chanter,

An essential feature of the nearshore circulaticnz is the
modification of waves in shoaling water. A result of this modific-
ation is a chenge in wave shane and attendant chances of narticle
orbits and of mass transport shorewards. The procass of wave
modification is still verv imperfectly undarstond, but soma insight
may be obtained by consideration of three tvpes of nrogressive
Wavaes.

(a) the sinusoidal wave
(b) the cnoidal wave
(c¢) the solitary wave - 2 wava of translation

Some properties of these waves will thercforae ba reviewed.
Mention will also be made of waves which mav travel narallel to ths
shore - edge waves.

On breaking, the component of wave momentum perpendicular to
the shore must cause a sot-up of the water lavel 2t the shore. The
hvdrostatic head built up will, in theory, set in motion a uniform
return seaward which to a srcater or lesser extent will eounter-
balance the shoreward momentum. The excess of watar transported
shorswards over that returned scawards is carried (via longsheore
currents) to rip currents which return it sezwards again. Thus
a cell of nearshore circulation is created. Literature referring

to set up will also be reviewed.



The waves and breakars anproaching the surf will encounter th=z
contrary currents of the rins, and will undersge modification -
esnecially refraction. Mention will be made of this asnect.

Finally some of the existing ideas on the mechanism of the

nearshore circulation will be examined.

2% Waves propagated over shoaling water
2ol Sinusoidal.

The profile of the simnle sinusoidal oroaressive wave 1is
given by
y = a Cos (kx - ot).
Where 3 F the surface ordinates (v haing positive upwards)

a = the wave amplitude

2w 1
k = - where L is the wave length
¢ = 27 where T is the period
T
X = distance in the dirsction of nropagation

For a wave of wave length L in water depth 4 the velocity C is

= 2 nd
c? = == tanh SIS (1433
27 L
Where g 1is the acceleration of gravity

Wheres d

I

s "shallow" (at a dapth 9/p< 0.05 for nractical purnoses)
c?2 = gd (1.2)

Airy (1845) showed that,assuming the amnlitude to be small

and the fluid inviscid,the horizontal componant of orbital velocity

of the particles is given by



: o k (v+
uw = G2k Cosh k (wrd) o gy (kx - of)

g Cosh kd

The orbital paths are closaed circlss in deep water and
ellinses in shallow water. The motion in the direction of wave
proragation under the crest is similar to the motion in the reverse

direction under the trough. Tha closed eorhits d¢ not admit th

)

possibility of mass transnert.

The small amplitude Airy waves de not renrasant satisfactorily
the shallow water waves which are trochcidal in shape having flatter
troughs and steeper crests. Thev also possess mass transport. A

bettar approximation is given by the waves of finite height of

|

~

Stokes (1847 ) .

The sc called Stokes waves have

¢
i}

nhase velocitv t» thz second
order which is the sama as that eriven by Equation 1l.l. The narticles
within the wave do not describes closed orbits and thev have a second
order mean velocity in the direction of pronacation. This velocitv
is the mass transport velocity (U) or drift valocity.

The horizontal orbital velocities are given by

gH Cosh k{y+d) 3 n2H2 Cosh 2k(y+d)

u = Io Cos (kx-gt)+ - Cos 2(kx-ot
T Sinh kd 4 LT (Sinh kd)*
The equaticn describing th2 mass transport is (Longuet-Higgins
1953) .
U = 22%¢k Cash 2 (y-d) o
2 Sinh? Id
Whence C is an arbitrary constant and v is positivs downwards.

In this expression the drift velocities with denth sre all
nositive. In closed wave chann=ls often used for wave studies,

or off a beach where as a result of wave acticn there is a sot-up
of the water surface at the shore, it is necessary to pnstulate a

-

uniform return flow so that the net mass transport across a sectien



iE rdle In this case the arbitrarv constant C becomes
-a2
C = == Coth kd
24

The Stckes exnression for the conditicn of no net flow predicts
flow in the direction of wave propagetion in the upnsr portion of
the water and a seaward flow in the lower nortion.

Model studies such as those carried out by Bagnold (1947)
and Russel and Os~rio (1958) have shown that tha Stokes concept of

renresentation of the transrort

<
®
18]
t
3
(e
@

mass transnort does not zive
in shallow water. Mass transports nzar the bottom in the direction
of waves travel were found. Evidently it is necesgsary to take
viscosity into account.

For shallow water Lenguet-Hizzine (1953) investisated theoretic-
ally the nature of the mass transnort velocity in a viscous fluid,
the metion being assumed rotational, His theorv is baged on the
concept that vorticitv generated in 2 thin laver near the hed mav
diffuse by conduction or convecticn into the bedv of the fluid and
produce a drift velocity profile different teo that darived by Stokas.
Assuning no net flow, a positive drift is found near the bottom and
a nagative drift near mid-depth, when the wave amplitude is small
compared with the boundary layer {2 vare cendition)e The so-called

"conduction soluticn" predicts that the drift velocity will vary

with depths according to the following, with v positive downwards

a?gk

b Sinh?k4d

2Cosh2kd(u-1)+3+kdSinh2kd(3pu2-bu+1)

A / Sinh2kd 3.\(u2 s
2

\ &)

The symbols are as for the Stokes axpression and p = Y/4,.

In their drift velocity studies in a2 closad channel Russell and



Osorio (1958) found that between the values 0.7 <kd> 1.5 the
observed values "at all depths were in asreement with those
calculated from Longuet-Hisgins' “"conduction" solution (in snite
of ite limitations). A feature of the drift velocity prnfiles

was a strong forward velecity near L= hottome.

2.2, Cnocidal Waves

Korteweg and de Vrizs (1895) in a m.thematical study of the
change of form of long waves pronosed a new type of wave whose

form is agiven bv (in the notaticn of Wiegel 1960)

= 2
Vo = ¥4 # H ecn

1 / - t\
2K (k) | = k] (1.7)
\ T"

- AN

t—“x

-~

Where v, is the denth from surfacz tso bottonm
v+ is the depth of trough to bottom
cn is the Jacobian Elliptic functicn associated with the
Cosine

K(k) is the complete Ellintic function of the first kind with

"

modulus (k)
x 1s the distance from the wave crest
L. is the wave langth
t is the time elapsed after the passing of the crest
T is the wave neriod

The wave velocity for a wave of haicht H, (when the horizontal

momentum of the water has bean reduced to zero) is

m

g = 7 Jies i {1 _ B
1 k2 ( 2 Kk

—



- 10 -

Where E(k) is the complete Elliptic funetion of the second kind with
modulus (k), and 4 is the still-water depth.
Tt can be shown that this equation approximates to the velneity

of the Stokes wave (linear) theory,(when k? > 0, E(k)/K(k) -

unity) and of the sclitary wave when k? + unitv,(K is unity and
K(k) is infinitv.

N2 expression for the mass transport =f the cnoidal wave has
been found in the literature. Wicgel (1960) does however give an

expression- for the horizental orbital velocity and this is very

cumbersome.

2.3. The Solitary Wave

A\

A notable feature of wavas just prior tn breakins is the

modification which thav undergc. The troughs flatten, and the

o

crests peak. The wave profile tends to the form <f the solitary
wave which was observed by Scott-Russellin 1884 durins work on
waves in canals. The theory of the solitarv wave was daveloned
by Boussinesqg (1872) and later bv others notably McCowan (1891).
Munk (1949a) summarizad nast work and orsanised it in a form
suitable for apnlication to surf studies.

The solitary wave is in theorv a single crest raised above the
still water level. It can be propacated withcut changsz of shane

and haes infinite wave lenath.

Following Munk (19492) the equation of thz wave profile is

)

given by

y

/
sach? k/éij v
L
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the elevation of the free surface divided by the denth 4.

=
D
5
1)
e
u

= pelative wave height = ™/d.

=

X = distance horizontally from the wave crest divided bv the

o

depth.

rret

1 = wave height
d = depth below still water level.
Integraticn of this exnressisn per unit crest lensth vields

the volume Q.

0 = u4d2 /Y73 (1.32)

Note this may be written 0O uH2/ /3,3 ' (1,3b)

When for example y = 0.5, 90% of the volume is contained between

X = 2,4 (see Fig. 1-2). The concentraticn near the crest is,

according to Munk, "the h2sic for anplving the exoressinsns for the

; y e
volume of a solitary wave te ascillatorv waves of finite length”.

Sincaz the volume Q is transportsd during time T, (the "effective"

wave perioed) the mean rate »f transport per unit time is O/T and the

(

volume transport velocity averaced from surfacs to hottom g
U = Qf(Ta) = &d Y3 (TRl

If the waves were breaking normally to the sheores this would
alsc he aquivalent to tha thaesratical velccitv of the uniform return
flow.

In the solitary wave the traiectories of tho water narticles

arae shallow parabolas in the direction of propagstian, There is
no movemaent in the reversse direction, The horizaontal comnonents

e velocities under the crast have been calculated by Munk

®

(19492) and are shown in Fiwm, 1-3. The mean horizontal disnlace-

D

ment (D) »f the particles is

mn
'
1
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Figs 1=3. Horizontal particle velocities under the crest.

7 1s the crest height above the bottom divided
by the S.W.L. depth. U is the particle
velocityv divided bv the phase velocitv.
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D = = ud /Y73 4 B3

b

For the breaker of heizht Hy in depth 4, (where Y = Yb) the
prate of volume transpert ner unit langth of wave crest is given

by

0 2
- s /=
=b 4ap VY73 (1.6)
T
T
The theory nredicts the height at breaking to be 0.78 dy.

The velocitv (C) of the wave is given by

1
c = o i (3 {1.7)

2.4, Discussion on Waves

The question arises as to which wave form msast closely
represents the natural wave near its break-point. In this connect-
ion there are several ficld and meodel studies which adduce compara-

tive evidence.

Miller and Ziegler (1964) made 2 notable study of the internal
velocity field in near-breakins 2and breaking wavas, The studv

was made at Cape Cod and the breakers "were of tha tyrce that break

direetly on the shore and include within thes sequence, the run-up

u

and thez backwash from the foreshore". Threz tvy

)

es of breakers,

(1

plunging (symmetrical); sn»nilling (very asymmetrical) and inter-
mediate types (asymmetrical), were all experienced 2n the sane

bottom slone.
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The averacad results were veportoed in the form oFf wave
profiles. That for breakinz wave ("swmetrical" or ~lunging)
is shown ~n Fig, 1-4 and is c-mpared with thea analogous near

breaking profiles for the cnoidal wave. In the figure

T

T is the wave peric

RN}
]
Ul
t
=5
[0
[N
6]
195
ct
=

w |
)

thz heisht of the breaker crast above the bottem

wil is the height of tha cnoida

-

wave crast above the bottom

L is the wave length

x is the dilstance from the crest herizontally

U is the heprizontal orbital velecity with U, the maximum.
The authors conclude that the "near breaking the cneidal wava
most nearly rescmbles the natural wava'. Considarible differences

were however apparent

Tt may be noted for later refarence that the wave height to

still water depth ratio is about 0.77.

9]

Miller and Ziegler (1964) sugeast that the present consensus

of opinion of other workers is that in the verv shallow zone just
short of the breaking point, Steckes finite amplituds theorv hold

reasonably up to 4/L = 0.10, the cnoidal theorv in ge

5]
6]
p]
i
'_J
2
+
-
()

regicn 0.10 > 4/L > 0.02 and the salit ArV wavs

L

n the reglon &/l <0

Wiegel (1965) has comparaed the theoretical wave »nreofiles with

some exnerimental tank measurenments. His ¢ranhical rapreass

is shown in Fig. 1l-5. The symbels in this fisurs are
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H = wave height

4 = depth (S W L)

y. = surfice ordinate

L = wave lenath

% = horizgntal distance from the crest
Other evidence has been summarized by Harris (1964) as follows.

"Munk (19492) has reconstructed the trajectorv of a narticle
under a solitary wave, He superimposed a uniform return velocity
such as micht be sncountered neer the shore because of the hydro-

static head which cculd be set up. Thz combined movements result

"Inman and Nasu (1956) measurced the orbital velocities
associated with waves near the bhottom in shallow water just outside

the surf zone. Their conclusion was 'e.ooss the observed maximum

lJde

horizontal orbital velscities in general combarae more favourably

O

1

with velrncities predieted from the sclitarv waive theorv than from
equations of Airy and Stokes. The observed velocities were in
better agreement with solitarv wave thascry when

(2) the wave nrofile was not comnlax

(b) the affective wave neriod was larzer than about six

seconds, and

(c) the relative wave heicht was greatoer than about 0, 2.

While amrecm=nt with theory was somowhat batter for the longer
waves, in general it was still gquite 0ol for most simnle wavas with
relative wave heights graater than about 2.4',"

Munk (1948a2) obtained the "criterion for the outer boundary
of the solitary wave regimz" by calculating the chanacs of wave
heisht with depth according to the classical 2nd the solitary wave

theorv and comparing the resultes with actuzal nbeervatinsne mads ~FF



the Scripps Pier. His conclusion was that the transition tock
placa at a depth of about l.# times the da»th of breakine. This

corresponds to a relative wave height of .35,
The solitary wave theory predicts, according to Munk (18493),

depth at breaking bv equation

d, = 1.28 Hy (1.8)

or the height at breaking H,

Observations made in the surf at Scrinps (raferred to above)

1

give some practical confirmation of this relationshin. Munk (19492)

L

describes how "precise and simultancous measurements" were made by

holding a hollow tube with its end just in the sand in the reginsn

o5f breaking. The water level in tho tube indicated the still water

lavel while the breaker height was measurad on the nutside of the:

tube. The results accorded well with the sclitars wave thoorv,
Ippen and Kulin (1955) using a long tank exeamined in some

detail the denth at which

4]

olitarv waves broke, They showad that

the relationshipn

)
o
1

or
T = 1 1
.l],: - K& 2 \.«b
wAs trus for all initial waves o2n = sloanc of 0.023. For steeper
H
slopes the value _B was areater than 1.2 and increased sharplv
A

with decreasing initial wave heizht.

Ionen and Kulin concluda that the behavinur of true solitarvy
waves is not well preiicted by theory. On this basis thay arcue

that excent for the flattest slope the azgreasment hatween the values

obtained in the Scrinns surf and the theoretionl valuse ~AhFatnad



from the solitary wave theory must be judgzed fortuitous.

e

Finally Keulegan (1950) has nronosed that the dividing ne
between the apnlicability of thz Stokes waves and the cnoidal

waves sheould be the depth where the wavoelength to denth ratin

o]

is 10.

When calculations releovant te the nearshore circulation ars
to be made, an essential conditicn is good similitude between the
mathematical model and the breaking wave. Consideration ¢f the
foregoing evidence suggests

(a) that the form ¢f the breaking wave is quites well

stimulated by the prcfils of the cnoidal wave and
little less well bv that of the solitary wave.

(b) the solitarv wave pnredicts tolerablv well the depth

at breaking

(e) field tests have shown that tha horizontal orbital

velocities near the bottom in shallow water just
outside the surf zone comnare better with those
predicted bv the solitary wave thaorv than the Stoka
wave theorv.

It seems that the solitaryv wave thgory might be used without

involving any great error. The theorv has the a-dvantage that it
has been well worked out for surf zone anplicatinn, Furthermore

its axnression for mase transaort i? easyv to handle, while the

corrcSﬁonklng one Fnr thc cn01dal theorv would be most cumbarsome.

With these peints in mind it has been decided to use the
solitary wave theory in nearshors calculations which follow later.

lcvertheless its shortcomines are noted.
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3, Waves travelling along thec shore

Apart from the ordinary wavas approaching the beach there is

the possibility of waves travelling parallel to the shore.

3.1. Isaacs, Williams and Eckart (1951) have drawn attention to

the possibility of surface gravity waves which have been generatad
in the surf zone e.g. by reflactions of incident waves, baing

unable to escape from the surf zone because of their being refracted
back from deep water. This could occur if thev anoroach deep watar
at angles greater than the critical angle.

The authors also note that waves from deep water may be
"captured" by the surf zone whure the configuration of th=z coast
is suitable.

They also speculate on the possibility of resonant zaffects
being produced and that they mav be important in explaining shore
processes e.g. Surf beats as described by Munk (1949b).

Edge waves, described below, would seem to be a special casc
of incident waves being reflected (bv promontories) alongshore or
being captured as suggested above.

Alongshore wind would also be a fruitful source of waves

travelling parallel to the shore.

3e2. Edge Vaves

When a uniform wave is propagated parallel to a sloping bound-
ary it would appear that it must bv refraction turn towards the
shore. By equation 1.2 the velocity of the portion in deep water

must travel faster than that in shallowesr water. It was however
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shown by Airy(1845) that when the wave bescame sufficiently "bowed”

it mav be propagated without further change. Consider two such

|-

bow shapaed waves proceading parallel to the conast and separate:

at all points by an equal distance measured parallel to the coast.
The distance batwecon the waves perpendicular to tha wave

front (i.e. the direction in which the wave must travel) is consider-

ably less at the shallower end than at the deaper. If the curve

the wave form will not alter. This of course explains
why a tidal wave propagatz=d parallel to the shora can produce
cotidal lines parall=al to the =horc.

Kelland (1839) made a theorotical study »f waves in a2 canal

of triangular scction with sides eloping at us®, He found that a
wave without anv bow could be propagated without change. The

wave was higher at the shore than in the centre of the canal.
Stokes (1847) remarked that there was a critical limit t» the

slone of the canal bevond which it would be impossibla to propagate
such a wave, He noted that when the wave length was long compared
with the depth it seemed that "the circumstancas of the motion of

any one wave cannot be matesrially affected bv the waves which

precade or follow it". He also notes a similarity betwesan the
form of the ridge of thesc wzwes and that of a2 snlitary wavae. This

would have mass transport implications.
Stokes derived an oxprassion for these waves for boundary
slopes of anv angle. The name given to them is 2doe waves and a

brief account is given of them at this stage because raferences will

be made to them below in ccnnection with

Q

aptain phenomana revealed

in wave tank experiments.



Edge waves derive their name from the fact that their
amplitudes diminish exponentially as distance from the boundarv
increases (Lamb 1962), According to the small amplitude theory
their heights which are greatest at the shore become insensible at
the distance of a wave length measured perpendicular from the
shore.

The general form of cedge waves was given by Lamb (196?) as:

¢ = H|Exp -k (y Cos i - z Sin i)]COS k (x - Ct)

when ¢ is the velocity potantial
H = wave height
k = 2n/wave lencth L
i = angle of boundarv slope to the horizontal

X, v and z are the axis respectively parallel, nernendicular
to the becundary and vertically upwards from the bottom.
C is the velocity and t tha time.

Stokes gave the wave velocity as

c2 = Sin i (1.9

~ bu

where g is the acceleration of gravity.
Ursell (1952a) showad that the Stckes edge wave was the zero
mode of a series of possible modes whose velocity was given genarallV.

by:

c2 = Sin (2n + 1) i (1.10)

~ ks

where n is an integer indicating the mode.

Since CT = L where T is the period, the velocitv can be expressed as:
gT

C - 5 .

— 8in L2n #+ 1) i (1.11)

27n



and the wave length is given by:

L = BEF Sin s 1) i (1.12)
27

Ursell also showad that for a semi-infinite canal closed by
a sloping boundary (beach) the system (inviscid) micht have a natural
spectrum containing both discrets and continuous eigen-frequencies
i.e. it had a mixed spectrum. When the motions were anti-

svmmetrical about 2 midpoint along the sloping boundarv i.e. the

edoe wavas originated alternately from either side, the discrete

frequencies were given by the exprcssion

62 = ¢k (2n + 1) i (1.13)
wherc = 2m £ spiod T and k = T £ ot as
‘ C 0 7 e for period T ana = - for a carnal of width b,
T b
The continucus spectrum was defined by
fk < 02 < ® (l.lu)

Stokes' edge waves are thus the first of a sequence of discrate
nmodas. For any acute angle 1 the number of modes is the greatest

integer contained in

1 i
— + =
2 4a

The discrete modes lie outside tha continuous spectrun.

Ursall further demonstrated that resonance may occur when the
frequency of an externally applied forcing oscillation coincidad
with the discrete frequencins or ths cut »ff frequancy of the
continunus spectrum. His theoryv indicates that tha resonance is

confinad to the region of tha beach axcapt with the cut Aff

fregquency. Even in the latter case viscous forces tand t~ confine
the rescnance to the neighbourhosd of the beach. The rosonance

frequency can be modified by viscosity..
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An interesting feature of these edge waves which appears to
be inherent in equaticn 1.12 is that for a =iven periecd of a

forcing oscillation, on a beach of given slope, there may occur

a range of edge waves with wavzlengths corresnonding t~ the different
values of "n". Unlike simpls harmonic motisn the wavelensths are

not related directlv to the mode number (n), but have 2 mor

m

comnlicated relationship by virtus of "n" oaccurring in the eguation
as part of the angle whose sine 1s to be taken., It scems that the

superposition of the waves from a number of mndes cculd pesult in a

complicated motion.

b, Wave gat-un a3t the shore

o
)

The set-up of the sea level at the shore consequent on the

breaker momontum has been examined hoth thenretically and practical-

(9}

lv.

4.1. Munk (19u4%a) reports "the clevation of the mean position
of the waterline on the heach, zbove mean sea level in deep water"

is given by
o = 2‘\7]§
v = ——— (1-15)
¥

Wherea Vi is the mean veloeity of water at breaking and g is
the acczleraticn of gravitvy. (He does not show how the expression
was derived).

For the sclitarv wave a2t braeaking Munk found vy = 0.78 (anprox-

imately) and in viaw of equation 1.4 the set-un bacomes

" \
13,7 ( Hp )2

¥ = ~———-(___ i
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where Hb is the wave height at brecaking. Munk reports that the

rise was measured in wave tank expaeriments with the following

results

y computed = 0.05 ft

y observed 0,052 ft

The wave height was 0.3 ft and the period 0.86 sccs.

b, 2. Longuet-Higgins and Stewart (1964) have examined theoratical-
lv the second order currents and changes in mean surface levels

associated with waves. Their theories make use of the ceoncept

©

of radiation stress (analogous tc radiation pressure in zlectro-
magnetic waves) which they describe as "the excess momentum due tn»
the prcsence of waves", Of their conculsions the following are
relevant to nearshore waters.

water of sradually

L}

(i) A wave of steadv amplitude propagated int:
varying depth will produce a nagative tilt »r dapression of
the mean surface as the depth diminishes, provided that there
is no loss of energyv by friction or re¢flection.

If the wave height is limited by breaking, the tilt will be
positive and a set-up will result in the direction of
propagation. The significance of this is that it is to be
expected that the water levelwill be setdown in regien outside
the surf zone where the watcr depth decreascs and set-up
inside the surf zone. Comparison of theorv with model
experiments made by Saville (1961) show good acreement.

(ii) With groups of high and low waves in a wave train, there will
be a setdown of the mean surface under the hicgh waves (with
relatively negative mass transport) and sot-up under the

low waves, when th

1)

lengths of tha groups are larce compared



with the msan depth, and when the oroups are cf equal lcngth.

When groups of waves are propasatad into shallow water, the

radiation stresscs tend to increase 2s the depth decreases.

The significance of this is that a variation of setdown mav

be expected in the region outside the surf zone den=snding on

the height of wave groups, and that the effect will be more

pronounced as the water shallows.

In the surf region where the wave height is limited by breaking,
the authors note that no edequate theory =xists, but thev are
nevertheless able to draw the tantative conclusicon that the gradient
of the surface is preoportional to the bettom eradient. A figure
of 0415 for the proportionately constant is suggested on the basis
of experiments performad bv Savills (1961). Applvirg the theories

for inside and outside the surf zcn: we note that zs 2 result »f tha

arrival of a group of higher wavcs, the mean water level outside

would be lowered while insids it would risei With the arrival of
a low group wave the reverse (relatively) would occur. This mav ha

a significant fact when related to the mechanism of rip currents.

4.3. Experiments on Set-up
DE

Saville (1961) measurad tha set-up in a wave channel. His
results (somec of which have been referred to above) are illustrated
in Fig. 1-6 where the set-up is nlotted against the distance from
the shereline under still water conditions far various values of
wave height, and for two beach slopes and two cases with
submerged barriers or break-wzters, Noteworthv are

(a) the setdown just szaward of the break noint (as

predicted by Longuet-Higgins and Stowart - see above),
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(b) the set-up inshore of the break point
(c) very ranid set-up inshore of
breakwater.

(d) the set-up at the oricinal still water level forashors

[N

was 10-20% of the wavao height.

Dorrenstein (1961) made measurements of the wave set-up in the
field. The mcthod used by him was t2 install two tide gauges
alongz a pier. At the beach use was mada of perforated plastic

pipes pushed intns the sand and lavalled to 2 bench-mark. A float

on the surface of the water ineide the pipé indicataed the sea water

level - short term changes hecing dampad ocut. The response of tha
float is shown in Fig. 1-7. The rasults wera as follows:

Set-un cbserved (ems) g % 8 1o 13 u

N

Sat-up theoretical

s
(o2}
oY
=
N

—
&
w

cms
Wave perind (secs) B:6 B.H 6.8 6.0 2.8
His cenclusicns from the tests arc that the sat-up is roughly one
tenth of the deep water wave hsiaht.
The fact that as a result of the hrzaking wave the water level

at the shere is set-up, seems well astablished both by theorv and

experiment. There remains the problem of how the system reacts +o
this equilibrium. It seems on the face of it unlikely that it will

be maintained bhecause of th: inesqualities nccasioned by diverse
topography, spatial variation of wave heichts, and wava disturbances
which must bg present travaelling =2cynss the svstam 2lonzshora,

It is well kncwn that in practiez the equilibrium is not main-
tainad but that there is a return flow seawards in
flowing rin currents spaced at varving intorvals zlon- the shore.

Thesc are usually fed bv longshore currents flawine in from

direction, thes variocus @lemants forming a horizontal czll of

cirenlaticn.
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4,4, Surf Beats

Munk (1949b) repcrted that a tsunami recorder placed 1000 fX
off shore had recorded waves with irrecular oscillations with long

perinds of several mimutes which correlatoed with the fluctuations

of height and period of the incoming waves. These oscillaticns
he termed "surf beat" since they anpearad to have their origin in

the riss and the fall of the water level in the surf zone consequan
on the breaking of high and low grouns of ordinary waves. The

height of the long waves were of the order cof one tenth that of

o

the swell and apoeared to be pron~ritional to the landward mass
transport in the surf (which in turn was proportional to the

square of the ordinary wave heisht). Tucker (1950) measure

e

similar leng waves having a 23 minute perind which (assuming 2

phase lag of 4-5 minutes) correlated with high wave groups. He
put forward a slightly different explanation. Ma sumgested that

the increased mass transnort from hish groups just outside the
surf required an accelaration which would give rise to an cgual
and opposite acceleration ssaward, and that the szlavetion resulting
from the high groups would be rcflected seawards. The resulti
sequence of events would be the mevament seaward of an elevation,
then a depression and then an clavation. His analyses shcwad

that 2 depression was a salient feature of the seapeing oscillation.
This depression seens to be in accord with that predicted by the
theory of radiation stress outlined above. Tucker found that the
height of the surf beat was pronortional to the heights of the
ordinary waves =- not their squares.iis suggasted explanation for
this is that the low groups of waves which break in the shallcower
water, would have more time durinc which their heisht would increa

during the apprcach to breaking and would consequently carry mors

{1

=

case
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water than would be sredicted by the squarc law. The difference
betwecen the mass transvort by larce breakers and small breakers
would be less than theorv would sugzest and hence tha rise of the
sea level in the surf wculd be more lin=arly related t> the wave
heights than as their squares. This linear relaticnship finds

some support in the tentative theory of Longust-Higgins and

Stewart. It mav not be applicable on steep beaches with offshore
sandbanks where waves of a varictv of heishts tend 2ll to bre:zk

on the bar.

The occurrence of surf beats provides evidence of the pulsad
nature of the sea level changes in the surf and suggests an
explanation for the variations in longshore curraent and rip
current flow,

An interesting obsarvaticn of Tuckzr (1950) was that the
surf beats corrceclated bhest with waves from distant storms and
worst with waves, generated over 3 larger area near the coast,

and having short irregular groups.

4,5 Dmitriev and Bonchkovekaia (1954) summarized some Russia
work on wave currents as thoy affect sediment transport. A brizf

account of their ideas taken from 2 translation (which waz not

always clear) 1is as fcllows, Experiments in a small wave trough

=

(15.2 cm wide and 2 nm
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bed, prevealed that
the flow rate of sediments oscillatzd between offshore and onshore
with a narindicitv of several minutes for slcpes of 15° - 30°,

The period decreased as the slcpz of the forashore increased. The
authors sugpgest that "these results reveal the mechanism of a

nhenomenon related te rin currents”. The work dces su
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flow.

The authors suggest that the cause of this neriodicity of
flow "may be conneccted with great surses nacassary for compensating
withdrawals to take nlace. Incidental factors such =2s the
temporary slackening of wave action may o~ccasion reflux motion
away from the slope which sharply lowers the surface inclina.

Then the monotonous wave action results in gradual shoreward

accumulaticen of water and, so t> 2av a new disrupticn nrocess

'_J
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takes place". They say that "obs n nature showed the
formation of overflow (sic) surrents hetween averv twn approaches
of a sequence of crasts. At abrupt shores such curraents causa
the tilting and completc breakdown of a wave, and on sheals they
are braked bv the next oncoming wave. The authors then go on o

develop the problem theoretically, making the assumption that

"total reflux can only occcur when the surge is sufficiesntlv great

’

for the reflux rate to attain during one period the Stokes proaress-

[3

ive flow rate".

The mean inclination of th: free surface is

de
- B T
O (1.16)
AN
whare x 1is the horizontal axis pernandicular to tha shora. The
z axis is downwards. € is ths zlevation of the surfica. i

shown that the slope angle =f the surface is directly nroportional
to the coefficient of viscositv and ths square of ths wave height
and inverselv proportional to the wave length 2nd nopiod,

The authors assume tha following equatien for the study of a

o L=

pericdic oscillation:
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where V 1is the velocity of horizontal transoort
g 1s the acceleration of gravity
i is the inclination of the surface
surf
@ 1s a correction f2ctor for assuming the velocitv is
uniform in the section
i, 1is the friction slope
t is the time.
(Equation 1-17 appears to be the differential equation for
unsteady flow in uniform channels.)
Assuming
’ 12
lg = o from Chezv's relationship whera C is a
CeR
friction coefficient and R the hvdraulic
mean depth
i = b = 1itial incline of the face
T o initia cline of the surface
3 { chz‘
' - ~
—_ l= 0
ax i 2g |
\ Zong
and ¢ =1 (current uniform)
ther 2V oy2
hign = gb, - &% (1.18)
3t C2R
Introducing a value for tha fictitious velocitv which would
be attained after an infinits time 1f slope b, i1s maintained
v = C /Ry (L 28

Then te simplifv take the uppar valu

=2 D = t; o
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Solution of equation 1.18 gives

v
ln l + \./Vm - 2 9: t bO (1070)
1 V/Vm Vco
whence V. = V_ tanh gt by & WE-ET
Vv

which gives the growth of the outsoing velocitv with time.

Voo v

g t Ve

This can be rewritten b

When the outgoing velocity V is equal to the mass transport
velocity U {in the original U is the mass transoort velocity of the

Stokes wave)

bo = Ve  apth U (1.28)
gt Ve

When b, is small equation 1.23 becomsas

i
by = =e
gt
and U = byt (1.21)

In order to astablish a slone of bo,a water voluma of the order

2 . X .
of baXg should pass unit width et distance x

B =) O.

#)

reflux occurs, the following rclationship obtains

“Whan total

ba¥%a

]
ot
T

(Ea283

2
where t* is the minimun time raguired for the requirad volum: to
pass and is the time of the conllapse. The duration of the reflux
can bc czvaluated by integrating the reflux velocity in equation 1.21

and hv squating the result with the volume of water flowing out.
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The authors state that the duration of the collapse usually
proves in calculation to be less than the duration of the surge.

The authors report that the auto-oscillation period shows a
rapid increase with decresasing incline and note the similar
tendency found in their flow rate experiments raferred tc above,

The authors sugcest that the ccllanse of the set-up at the
shore in inevitable, and that when it occurs it takes place in
an "incidental mannar, i.e. it sets in at anv one point and a
lowering of the level ensues. As a result of the lowering,motive

forces arise along the shore and produczs shore curraents which

converge at the point of collapse and fecd the stream escaping tha
sea". The level being equalized, the current ceasas until a naw

surge produces another collapse. They notz that shoreline

3

promontories promote rip formation.

54 Wave refraction in rip currents

In develoning a theory of rcfraction of shallow water wavas
under the combinad influence of currents and underwater toposraphy,
Arthur (1950), takes as an example the interaction of outgoins rio
currents and incoming wavas. He treats the problszm as cne
analagous to that of determining the minimum flicht path of an
aircraft flying in a variable wind field, and involvins Farmat's
princinle. The direcction of wave propagation corresponds to the
aircraft heading and the wave velocitv relative to the current, to
the air speed. The current corresponds to the wind fi=zld and the
ray path to the minimum flight path or path of lzast time.

Let the rectangular cocordinates of a moving point on a ray be

given as a function of time, t, i.2. x = x(t) and v = v{t). Lat
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the x and y components of the current velocity Vy be Vy and Vy

and let 8 be the angle between the velative current velocity, C,

and the positive x-directiocn. Then x = x(t) and y = y(t) must
satisfy

dx o 3

—— = VX + C CO-.) 5]

dt

dv - Vy ¢+ £ 5in'e

dt
A third equation is deaducezd. This is based on theé aircraft
analogy, but make allpwance for the fact that the wave velocity

(wind field) varies with x and y

-

= - 2 (Vg + Cyp | Cos 0+ | alVo + C)yy | Sine (1.26)

When V¥, is the component of VY, in the direction of C.
Using these threc aquations Arthur constructs 2 diagram (sea
Fig. 1-8) showing the wav=s crest pattern and the ravs for a wave

front encountering a rip current. The examnle used is bhascd on

ay

ata cobtained in the field by Shepard, Emery and La Tond (194%1) and
Shepard and Inman (1950) and it is assumad that the bheach slopsz

is 1 in 50, the maximum rip» current velocitv is 3.5 ft/sec (anparaent-
lv just clear of the brzakers), the ravs are initizlly normal to theo
coast in 2 depth of 15 ft, and the width of the rip nack 100 ft,.

The equations used have been those that satisfv continuitv on the
assumption that V, and Vg, ara uniform with denth. To deal with the

problen of velocity distribution Arthur assumes it to be given by

s |
-~
o]
~r
i1

1/ Y21 Exp - a2/2 : (1,27}
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Arthur remarks that "waves in rip currents in some cases show
features similar to those illustrated in the figure. The crests

generally shcw a lag in the neck of the current.....". "Many

rips szem to show only a gentle retardation of the wave crests.s...."”.
And he suggests that this may be dus to much lower current
velocities and velocity gradients. "Another factor is the channel
which results from erosion of the sand bottom below the currants
in the feeders and neck. The effect on velocitv of the greater
depth in the channel tends to offset the effect of current shear
in refracting waves".

Although the author did not remark on it, this interaction of
rip currents and waves probably plavs zn important part in the

circulation mechanism. It is discussed later in connection with

experimental work.

6. The Nearshore Circulation

6.1, The nearshore circulation was first described comprehensivaly

ons carriad out on

[

bv Shepard and Inman (19590), following investigat
the beach near the Scripps Institutionef Oceanosraphy. Subsequently
further quantitative measursments were made by the authors (1951)

and by Inman and Quinn (1952). Inman and Bagnold (1963) summarized
the existing information amongst which was the following.

(a) The circulation for waves incident normallv or nearly
normally, is cellular - the chief elements being mass
transport, shorewards, longshore movament feeding narrow
fast rip currents flowing seawards, and expanding cutside

the surf zone. There is usually inflow to the rips fro

=

longshore currents from either direction though the
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(d)
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of the circulations that ths flow is intermittent.
This is ascribed to the variation in heicght of the
incident waves.
If the wave direction is not normal, the

"accompanving discharge has in anv case a longshore
component over and ab~ove that due to any local
disequilibrium in force compenents normal to the
shore 2nd 2 definite longshore current must result".
This longshore current is confined largely within
the surf zone.
The spacing between rip currents i.o. the width
the czll ranges from 30-1000 m. "™easurements
following on a period of low waves along 2 section of

a straight beach at Clatson Spit, Oregon, gave a mean

standard deviation of 145 m (Shepard and Inman 1951)",
The spacing between rip currcnts decreases as the
intensity of wave action increases. It is assumed
that the term incrzasing intensity of wave actinn means

increasines wave height and/or increas

Ide

.ng fraquencya.
It is calculated that ri» currents discharge betwaen
2-10% of the total volume transported in between rip
currents, this being of the same order as the cstimated
longshore component of shor-ward transport. The

implication here is that "the normal component of

&

shoreward waves transport his no real existenc=

n

relative to the shoreline bacause the general body of
water is being displaced sutwards at an squal rate"

(Inman and Bagnold 1963).



6.2. Not a great deal of attention has been given to the

cause and mechanism which underliss the cellular circulation. Tha
task of discerning why a cellular type of circulation occurs is of
coursc made difficult by many factors such as the physical problems

3 =
D

arising from the vigour of the surf, ths wide range of variables
including the movement of the sea bottom, and the irregularitv of
many coastlines.

The field measursments of Inman and Quinn (1952) show that the
longshore current velocity increases progressivaly from zero
immediately downstream from the rip current to som2 maximum value

just preceeding its seaward deflection at the next rip current.

Based on this Inman and Bagnold (1963) have suggested that the

lonsshore currvent flow "has some limiting value abova which it
breaks seaward intoc rip cur rrents' This then would provide a
mechanism ance the longshore currant was conerating, but it

offers no explanation as to how the losngshore current starts.

The original resszarch work (Shepard and Inman 1950) which
revealed the cellular circulaticn, was conducted off a beach (the
Scripps Beach at La Jolla) off which the tonosranhv was character-

ised by deep canyons. The canyons which ran perpendicular to the

Hh
t

coast affected verv significantly the height o he braakers. In

the deep water over the canyvons,the waves diverged, and sver ths

shallewer intervening water,the waves converged, Consequently
opposite the canyons the breakers ware lower. This canven cffect

led Shepard an

(s N

Inman (1950) to the conclusion that the underlving
mechanism of circulation was spatial variation in wave heights
consequent upon irregular offshore tonozraphy.

Several workers, MacKenzie (1958), Bruun (1963),Dmitriev and
Bouchkovskaia (1954) noted the coincidence of zlements of the

circulation with topographical features within the surf zone.
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Bruun and MacKenzie remarked on the laocaticn of pip currents where
the surf bed or submerged sandbar is lowered. Dmitriev and

omote rip current formation.

3

Bonchkovskaia noted that promontorias p
The problem nevertheless romained, and was remarked upcn, as y 2 n
whether the circulation formad the topography or the topogranhv

the circulation.

6.3, Bruun (1963) has put forward a theory to describe the
circulation when rip current activity is prevalent off a Dbeach
with an offshore submerged sandbar. He draws attention first to

the balance that nust exiet batween the tonoasranhy i.e. the positicn
of the bar, the depth over th¢ bar and trough and their slopes,and
the waves and longshora currents which shape them, He observes that:

(a) Longshore currents flow intc the root of the rip currents,
and that even if the sen=ral direction of the currant is
dictated by some obliguity in the direction of wave
approach, thera is's local raversal of flow at every
root of a rip current".

(b) That rip currents accur at intervals determined by wave
and cffshorc bhottom characteristics. He quotes Larras
(1957) as givine 500 meters for the averace spacing.

{c) That rip currents occur at lowerings in the bar.

(d) At the root of the rin thz shoreline confrrms to lneal
flow conditicns and an 'S' shape or slisht tomoblo mav
develeop.

In developing the theorv, Bruun assumes that the water derived

from the breaking wave over a certain length parallel tc the shore,

flows out again through low=

i)

ings in tha bar system. Bruun loaves

onen the question as to whether the more or less regularly spaced
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lowerings in the offshore har systoem are caused by rin currents,

or whether the currents seek these incidental openings for

discharge., The development of th=: theory is as follows:
Consider a situzticon with an 2ifshore sandbar where rip

currents are operating at a2 distance anart. Let the waves

t+

appronach obliquely and make angle o with thas bhar. Let the distance

h

from the down wave rip current (x = 2) to the point of origin o
the longshore current (x = 0) be 2'y and the area »f the cross
section of the trough at anv point X he A Assume that the

quantity of water at x brought in by unit length of braaker crest
be Qpy - The component directly to the shore will he Qp, Cos a.

If T is the wave perind then the valoncity of the longshore current

at x will be

v, = _EE : - {1.28)

Assuming x and A are relatzd lincarly then the maximum velocity

of the longshore current will bz

(1L.29)

Where A,a, and Qg are averaszas. The mean velocity (V) will be

related to the frictional forces bv Chezv formula and

<2
"

(]

it

/TST55 (1.30)

where Cf is the Chezv formulz friction coefficient Ts th

[
n
()

determining shear stress for bottoa stability (Bruun and Garritsson
1960) p is the density of scaz water and g the accelaoration of gravitv.
The assumption made in this treatment is thaet the water trans-

portced in normally to the shorz flows nut at the rin currents. This
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agsumption, is not in accord with experience, for (as will he
shown later) onlv a small percentase of the water derived from

the breaking wave takes part in the circulation.
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A SUMMARY OF A PREVIOUS QUALITATIVE

STUDY ON THE NATAL COAST

A qualitative study bv the author of the nearshore circulation
off a Natal beach (Virginia Beach) with a2 submersed offshore sand
bar, was recorded in a thesis for a Masters degree {(Harris 1964).

Since the present investigaticns are in scme respects a
continuation of this study and because the bulk of the field work

ndinzs are summarizead

w3

=

was dona on the same beach, the earlior f

belowd

1. The test beach at Virginia

The Lecach ferms nart ¢f an almost straicht section of the coast
between the Umgeni River and Umhlanga Rocks - a distance of about
6 miles (Ses Figure 1-1). The intertidal zone consists of scdiments
with 2 median diameter of about 0.75 mm and has a slone of 10-20% -
facts which are in accordancs with the work of Baseom (1951). Thers
are no rock outcrops.

Though the offshore profile in the surf was of course variable
the presence of a submerged sand-bar 500-700 ft from the shore was
a frequent and important feature. Inshore of the bar was a trough.
The ratio of the denth of water over the trough te that over the bar
was about 1.7 - somewhat largser than the 1.4 that found by Shepard
(1950) but comparable with the 1.69 found by Koulegan (194¢). An
example of a commonly occuring nrofile is shown in Fizure 2-1
(in determining profiles, the depth in the surf was measured on a

measurinag staff, by a swimmer whose position was fixed from tho
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shore. Sesaward of the surf denths woras determined by echo

sounding).

Fig. 2-2 shows the profile at another Natal Beach (Invoni

Rocks).

1.2, Waves and Breakers

Waves on this stretch of coast are characterized by mean

significant heishts of 5-6 ft and nean significant periods of 7

r'l'

seconds. Durins the tests
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seconds. Maximum sicnificant wave heichts were 12 ft and the
maximum significant periond was 12 scconds,

In spite of refractinn, breakers wer= sometimes found to maks

large angles with the shores 109 bheing common and up to 300
nogsibles
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Ths usual regime was for waves breaking over the har to form

nlunging hreakers which generated waves which travelled unbroken

over ths trough before finally brezking on the forashorg,

Frequently the relative height of the regenerated waves was too

small for solitary waves to form, so thev were usually of the

oscillatorv type having low mass transnovrt. Four zones were
identified. (See Figure 2-3) - tha offshore zone, tha outar

breaker zone (over the sand bar and some distance inshore of it),
the bhetwean-breaker zone (2 zons of regenerated oscillatorv waves)

and the inner breaker zone with brealkers on the foreshore.

1.3, Coastal and Tidal Currents

Co=stal currents were measured 3 mile offshere 2nd were usuallv
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up to % or 3 knot rarely exceeding 1 knot. The percentage

frequency distributicn of direction was, 76% anproximatzly parallel

to the shore, 12% within 45° of the parallel, and 12% within 59

m

of the perpendicular.

y of & .

~

Tidas, which were diurnal, had a maximum rang
Tidal currents were negligible - the cotidal lines being roughly

parallel to the coast.

2% Nearshore Circulations

via disclosad nearshore circulations

»]

The studies at Virgil

(&)

essentially similar to those described bv Shepard and Inman (1950).
The main =lements were, mass transport shorewards by waves and
breakers, lateral transport within the surf bv longshore currents
and a return flow seawards in narrow swift-flowing rip currents

which "mushroomed" out in the offshore zoneo. Thae whole circulation

formed a cell with movement about a vertical axis. Flow was
intermittent. Order of magnitude dimensions were, ccll width

(spacing of rips) 500 yds., rip widths 100-200 ft, and periodicity
of pulses 10 minutes.

The studies at Virginia revealed three tvpes of circulation,
largcly dependent on wave obliquitvy. There were tha svmmetrical
and asvmmetrical cellular circulations, and the aloneoshore system.
(Notz: 1In the original thnsis these types ware designated A B and
C respectivaly. Tt was thousht best to alter them so as to bring
them into line with the nomenclature ncw proposed).

Of these there were twon extreme casas. The symmetrical
cellular circulation, a result of normal wave aporoach, with rip

currents flowing perpendicularly out from the shore, being fed bv
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lonashore currents flowing in equally from either direction.
With this type the cellular patterns were marked. With the other
type, the alonsshore system commonly associated with low oblique
wind waves, the longshore current was unidirectional and was the
dominant element. Rip currents were widely spaced (up to a mile)
and usually occurr=d at discontinuities in the coast. Between
these two types there were a variety of patterns all of which were
asscciated with some degres of wave obligquity and were characterized
by a nearly unidirectional longshore current feeding a well defined
rip current. They were all placed in a single catepgory called
the asymmotrical cellular circulation. Schomatie diacrana in
Fige. 2=4% illustratce the main features.

During 53 observations the three tvpes of circulation occurred

with the following percentasze frequency.

Type % Frequency
Symmetrical cellular 38
Asymmetrical cellular 52
Alongshore systen 10

The submerged sand bar and trough were found to exert an
important influence con the circulation - causing seperate circulations
in’?he outer and inner breaker zone with varying dzgrees of conupling,
depending on the relativé height of the weve ovar the trough
and hance the degrece of approximation to the solitarv wavae shane.
Under commonly occurring conditions, the larece rip currents (snaced
of the order of 500 yds anart) were common to the circulations in
both zones.

It was noted that when a coastal current overlapped the nearsh-ra
circulation the rip currents outside the surf were slewed round into

the direction of current travel.
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3, The sand bar and trough

The presence of the marked sand bar and trough, are according
to Shepard (1950) associated with plunging breakers and longshora
scour. The cause of plunging breakers is still rather obscure
though the work of Longinov was thought to be relevant. Longinov
as reported bv Zenkovitch (1962) considers that the criterion

determinine whether a wave will develen intc 2 plunging or a spillin
(&) 1 1. 3 -} E

breaker depends upon the gradient of the anproach to surf. if
it is greater than .03 plunging breakers arc formad. The approach
to the surf at Virginia was clearly in this category. It should

be noted then that the expericnce of Miller and Zeigler (196%4)

quoted above is at variance with Longinov's views.

Lo Exchange

Tt was suggested that tho cxchange of offshore water with that
in the surf zone would be greatest when svmmetrical cellular
circulation prevailed, and that the exchange would be least (and
perhaps negligibls) with the alongshore svstem. It was furthermore
noted that the effect of a coastal current ovsarlanping the circulaticn
would be a decrease in the exchanga, sincz rip currents would ba
slewed parallel to the shors and mainly rip current water would

be cycled shorewards.
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EXPERIMENTS WITH THE CELLULAR CIRCULATIONS

The primarv purposa of the fisld experiments was to gain
some uhderstanding of the quantitative asnects of the cellular

circulations and to throw somz light on their cause ind mechanism.

Initially it was decided t- extend the qualitative work under-
taken in the past,to fill in somz of the gaps, esnecially to find
out more about the wav in which the water entered the surf zcna,
Three types of nreliminarv exparimaents wers undertaken,

(a) Exneriments in which thz behaviour was observed of a

line of dye estaklished narallel to the ccast, well

(b) Experiments in which a point source of dva was astablishad
Jjust seaward of the surf zone and tha rate of bhuild up
of dve concentration in the surf measured.

(¢) Experiments in which dye was discharged continuously

at the waters edge.

Ideally these cxperiments should have be=n combinsd in one

de
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large experiment, but the cxpense and 4 Ltv of maintaining
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sufficiently large concentrations of dve necsssi
treated separately.
Later a series of tests were put in hand to assess the quantity

of water circulatine in and out of the surf zone.

iQ

J

Besides producing qualitativ: information these tests vielded
data about tha dimensions of the calls. In particular it emerged
that there appearcd to be some constancv in the ratio of the cell

width to the width of the breaker zona. This

(0
i~h

act racalled 2n

analagous ratio which resulted from a mathematical analvsis bv
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Ravleigh (1816) of the falling awav from unstable =quilibrium of
a thin horizontal laver of liquid when hcated uniformly from below.
It is thought that if this analogv was valid then ths cellular

circulation should be basicallv a hydrodynamic effect - not a

topographical one - and that beinz the case it should be a quite

general phenomenoni Tt was therefore decided to see if it could
be. reproduced in a uniform model. In fact it was found to be

reproduced.
Parallcl with the cxploratorv field work, zome work on sea
level changes in the surf was. initiated. It was argusd that

since the circulation must be motivated hv hvdrostatic head

|-

differances, mecasurement of thes2> would bz a starting point in the
ihvestigation of cause and mechanisn. Equipment was desienad and
made cperational, and some results obtained. It was at this stace

that

+

hz possibilitv of =studying the cellular circulations much
more easilv in a model was discovered, so the sea level studies
were curtailed.

The experimental work is reported in two parts.

(2) Field Experiments - Section I.
(b) Model Studies = Section IT.

SECTION T

EXPERIMENTS JIN THE FIELD

8 Line Sourcc of Dye Tracsar

Purpcse ~- To examine qualitatively the water movements near the

outer boundarv of the celluler circulations.
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Method -and Procedure - A lins source of sodium fluorescein dve

was established, by trailing behind a boat, a porous container with

5-10 1bs dye, or discharging continuously a solution of the dve.

As the boat moved along the coast the dve diffused out slowly and

formed a line whosa subszquont movement could bz obsarved or

photographed for about ona hour before it faded. By laying tha

dye at a suitable distance offshore, the onshore (and offshore)

movements and entry into the surf zone could bz ecasily observed.
This lines source technique was applied on seven occasions

when the circuletion was of a symmatrical or asvmmetrical tvpe.

The line was established at distances raneging from 100-800 ft

seaward of the outer breaker zone. The dve was dispansed from

a surf ski propelled bv a swimmer or a boat operating close inshora.

The difficulty of getting the surf ski through the surf and the

hazards to the boat, limited the taests to occasions when the braaker

heights did not exceed about 5 ft. Photes 3.1 and 3.2 illustrate

the method.

Results

A consistent feature of the tests was the distortion. of ths
initial straight line of dye by offshore movements in the vicinity
cf rip currents and onshore travel betwean them. Examnles of the

distortions are shown in Fig. 3-1.

The velocities of onshors travel batween the rips was extracte

from the photographic racord, 2nd arc shown in Tabla 3.1. Thay
lrem 0.3 cm

varied betwacn 0,14 and 0,35 fi/sec.
Also extracted from the photographs was tha frontags through

which the "new" offshore watsr (as opposed to dirzctly recvelad

- 1,8 = ¥ - - . - p— j - -



Photo 3.l. ‘Line of
dve laid parallel to
the cadst - Vireinia

Reach.

Photo 3.2. Distort-
ion of dve line by
a rio current.
Note small rips in
inner-breaker zone
marked bv foam

(23-6.65)

Photo 3,.,3. Example of
small rip currents in
inner breaker zone
Parked bv silt -

Virginia Beach.
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TABLE 3.1

DATA FROM LINE SOURCE TESTS

Distance of! Time | Velocity ADDroOX. é N

initial dye | to of Arprox. | frontage of | A Type of
Date of Breazker ! 1ine from | reach; 2nshore Rip "New" water o circula-
Test Height Period surf bar drift spacing antrv b tion.
o aeis Pt Sacs. Fie Min. | Ft/Scc. vdg, vVds.

x) - o (b) (a)
13.9.65, 44 5 8 500 6O+ O.1lh= - - - S
IR I L o 4.5 8 HEEL3 74 Dy 2% 370 100 Qs 33 S
14-9.65 345 8 200 45 N0.23 300 100 {¥:dd S
15.9.65 s 5 8 209 272 0.1l 500 100 0.2
23.9.65 L 7 300 = - 550 110 D.25 A
2849.,65 - - 300 14 O35 400 150 a3 7 S
24965 5 7 600 45 0.22 400 _ 150 Q.37 A
: !
S = Symmetrical

Asymmetrical
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the table and expressed as a fraction of the distance between the
axis of the cell's rin currents. Tha ratios varizd from 0.2 to
0,37, ‘._'Thig"means +hat on the cccasions of the tests, and
assuming that surface observations reflect the hehaviour of the
whole cross section, the psrcantage of racyclad water was 63-82%.
Much of the surf frontasze was therfore taken up by the outflow-

ing water from rips or recycled water from rin currents,

Experiments with modecls (reported in Section II) have indicated
that cell widths tend to increase with wave h=ight. The above
ratioc will therefore perhaps incrzase with high long waves. In

the field tests the waves were 3.5-5 ft with periods of 7-8 second-

0
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. Point Source of Dve Tracer
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Although the experiments using 2 line of dve were useful in

throwing scme light on the way the of
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whilst approaching the surf zona, the dye was of insufficient
concentration to show up movements within the surf zone, once it
had entered. To remedy this another series of experiments were
carried out using point sources of dye released just outside the
surf zone. In addition to making qualitative obssrvations samples
for analysis were taken on most occasions.

In all, ten tests were mada. The usual nrocadure was to
release 10 1lbs of dye from a2 ski boat 100-3C0 ft outside the surf
ZONe. Samples werce usually taken at known intervals of time in

the initial dye patch, at midsurf nearlv opnosite the point of

entry, and at the foreshors. These were analvsed with a fluorimeter.

Results - The following ara the main results:

(a) The test confirmed that the entrv into the surf zone



(b)
(c)

(d)

(e)

3. Continucus discharga o

s LJHEN N |22

is restricted to certain rather narrow sectors.

The inflow showed marked signs of being pulsed.

Having entered the surf zone the dye flowed in a2 stream
along the surf zonz and out at the rip. Though
diffusion did of ccurse occur, the main action was

one of displacsment of the resident watcer. This is
evidenced by the fact that the build up of dvs in
midsurf was very rapid. See Fig, 3-2, It was clear
that the through-flaw was guickest in the outer breaker

zone and naarthe rin. There was eavidenca of short-

%)
e
=)

circuiting and thercefore some regions mainly about
the mid point of the cell tended to be stagnant.

The recvecled watzsr from rip currents formed a large
fraction of the water antering a cell of circulation.
Though the dye entered and circulatad in the outer
breaker zone it evidently took a good dzal longer to
reach the inner breaker zone. In fact it freaguentlv

hanpened that no dyve a2t 311 could be discernad in the

inner breaker zonz during a two hour experimant.
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inner breaker zone.

In order tc studv recycling, arrangemcnts were made for a

continuous discharge of a large quantity of dve at the water's

edge.

7
3

Procedure - A 600 gallon tank was placed high up on the beach
about 20 ft above s22 leval 2t Virginia. It was filled with fresh

water in which about 30 1lbs of dvae werc dissolved. The dve

o

concentration was 8000 ppm. This dve was allowzd to discharse to
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Fig.3-2. Build-ub of dye concentralion ‘'n mid=-
: surf from o”shore baTeh discharge .

o Date 25-5.45.
nsgmmetncal circulation.
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the sea by way of a 200 ft plastic hose, at the rate of 1.5
gallons per minute. Some difficultv was experienced in anchoring
the hose in the breakers. This was ovepcome by arranging for the
hose to terminate in a few feet of iron pipe welded to a plate

(2 ft diameter), to which was fixed four 6" iron spikes on its
under side. These spikes were pushed inte the sand on the sea
floor. In addition, the hose was pinned onto the sand in the
inter-tidal zone by "U" shaped stakss made from reinforecing rods.

The point of discharae was 300 ft from 2 rin current.

Samples were taken close to tha base of the rin at the water's
edge, in the rip head just outsidz the surf zone, and at mid-surf
when recyeling occurred.

Conditions - The circulation wis a svmmetrical on=s which resulted

from 4-5 ft breakers with periods of 8 secs. In the inner breakear
zonz the waves were 1-2 ft high.

At first there was no wind. Two hours after the start of tha
test 2 10-15 mph wind got up from th2 North Fast and the circulation
changed. quickly to asymmetrical. Small rin currcnts spaced about
50 ft apart were in avidence in the inner zonc.

Results - The test produced a numnber of interesting qualitative
results.

(a) When the large rip current was flowing there was a marked
inflow of water from th2 betwezn breaksr zone inte the
inner breaksr zone ncar the rip.

(b) Having nenetratad the outer-breaker zona, tha nulses of
dye from the rip current did not behave unifrrmly. One
moved saawards, one recvcled to the North of the rip and
one moved to the Scuth, This erratic bhehaviour appoarved

to be associated with the shifting of ths position of the
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rip axis several hundred feet to either side.

(¢) During the two hours of the test only one pulse recvcled

to the shore.
The quantitative results arc as follows:

(2) The rip current was 100-150 ft wide.

D

(b) It operated with a pericdicitv of about 25 minutes.

Y

(c) The seaward v~locity of ris within the surf zone was
1.6 = 2,2 ft/zen

( d ) The a
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(i) at the rinc base 0.1l4 pom
(ii) at the rip head during rio pulsing 0.0l ppm
(iii) at the mid surf during recvecling 0.008 ppnm.
Fig, 3-3 shows the change »f concentration with time, near

rip base, (the vertical wave line marks a hreak in the record).

The marked troughs in tha curva at 15 and L0 minutes are due to

the

inflow of undyed water from the between brazker zons, which entered

the longshore current between the point of insartion of dve and
rip when the rip was operating.

The mean longshore current discharagc in the inner breaker

the

zone as calculated from the dilution of the influent was 285 cuseccs.

A notable feature was the oneration of small »ip currents

origniating in the inner breaker zone and penctrating about 100
into the surf, Penetration into the surf increasad with dacrea

e

sing

distance from the large rip current which of course traversed the

whole of the width cf the surf zonc inte the offshors zon

(¥

.. The small rip currents wera snaced irrerularlv - the mean

distance apart being about 100 ft. The width of the inner breaker

zone could only be determinad very apnroximatcely. It was betwean

20 and 50 ft,



o 9binydsip  snonuyuos aof fawiy

99.¢€-L} . U...C..mv._m\.
4o vonpaussuod  fo  ydosh gig-biy

“$°A ?son did4

s gnuiw - dw)y
sT

0ol

5TI

)
DJ
] 0
421
h
b |
-t -+
~
0
=t
(<]
3
—t 10
dll
l.ﬂul
3
Q.J‘ T0
;|




= BE e

It is noteworthy that the spacing of beach cusps along the
intertidal zone yas the same order of magnitude, as that of

the small rin currents. The rips and the cusps were not always

e

n phase. This is perhaps understandable because the cusps were
probably formed under cconditions of the.previous tide.

The operation of the small rip currents was intermittent,
their periodicity being less than that of the large rin. No
accurate measure was made of this pzriodicitv, but it was of the
order of 5-10 minutes.

No aerial photogranhs werz taken of these small rip currents,

but re-examination of phetographs taken on other occasions revealed

axamples of similar occurrencas. Sea2 photogranhs 3i?2 and 3.3,
Measurements of the spacihg of small rips which were made on

several subscquent occasions are recorded later.

CONCLUSIONS which have a bzaring cn waste disponsal are:

(a) The mean dilution which a discharase of 1 gallon per
minute of effluent at the water's edge will undergo
is about 8 x 10%,

(b) 1In

-

ts passage through the breaker zonzs a further
dilution of the crder of 10 can be expected.

(c) The recycled pulse will undergo little further dilution.

(@) The region of the rip - -hsad just outside the breakers 1is
A region of larre scals eddv diffusion.

(e) The fire

recycled dve arrived at mid surf 82 minutes

(f) Symmetrical circulatiors chznge rapidlv to asvmmetrical

under the influence of =zven 2 light to mederate wind.



4. Exchange of surf zonzs water

Purnose - To establish the order of masnitude of tha rate of

exchange of the surf zonz water with that ssawvard of . &

The water in 2 ssction of the surf (usually about

Procedure

one cell of circulation was selected) was marked with dyz dronpad

from an aircraft. The time for the dyed water to ba cyecled out of
the surf was measured. From a knowledge of the dimensions of the

marked mass of water its vclums was calculated, and hencs the rate
of exchang: estimated.
Mathods

(2) 'The water msass was marked by sodium fluorescain dye

-

in 2 1b packets from an aircraft. It was usual

&)
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to drop 6-8 packcts soread over tha region of interasts
(b) Tha time taken for the surf zone to clear was measurcd
from the time of the first dve dron tc the time when the
bulk of the dyzd water had been cycled cffshare by rin
currents. On som= occasions sm2ll nockets of dve

remained in relatively stagnant arcas - thess were

n
U

neglacted. It iz estimated that thz clearancs time wag

measured tn an z2ccuracv of *#15%.

(c) Obtaining accurate dimcnsions of the marked mass of
water was of courss a difficult task. Aerial nhotn-

graphs taken with a 35 mm camera assisted in estimating

the length and width of the dve patch. (See Photo 3.4)
The average depth was calculatad fron bottom profiles.

These were constructed from depths measured by a skindiver

usine a sounding rod or lead-ani-line. 1iz position was

determinad by trianculation freom the shore,

The methods used were necessarily rather crude. Tt is astimat



Photoeraph 3.4, Taken during exchange test of 31.3.65
showing surf zone water, marked with sodium fluorescein,
being transported offshore in a larse rip current.

Recveling had just begun. Notec characteristic inner- -

n the sand

He

and outer-breaker zona. Cusps may be seen

along the foreshora.,
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that the length and width could be measured to an accuracv of *10%.
Depth measurements were assessad to be accurate to #5%, and the
average depth *10%.

The compound error in the calculated volumes would bs *40%,

The rate of exchange was takz2n as the volume divided by the
time needed for the exchange.

In view of the substantial errors which might occur in hoth

the volume and timez measurements, the calculated values may under

+
=

e worst conditions be in arror by about 50%.

Results - Seven tests undor conditions of normal or near normal

wave approach were carriad out. The wave heights and nariods én
these occasions were roughlv comparable

The results and the conditions under which the tests were
carried out are set out in Table 3.2.

=

The discherge rates fall

je

nto three classes:

(2) Those between 1000-2000 cuszce from tasts 1 and 2 when
the surf was shallow, the trough bzing narrow. Wavas
were breaking across the wide bar,

(b) Those between 500 and 1000 cusecs from Tests 3, 4 and 5
which were associated with what was found to bes the
normal profile.

(Fol Those less than 500 cusecs from Tests 6 and 7 where some
factor, such as deep water over the bar which resulted
in few waves breoaking there, or adverse winds, inhibited

L)

the circulaticn. The importance of water depnth over the

bar underlines the potential influence of tide on the

rate of exchange.
Examples of two extreme prefilas, one shallow and one deap, are

shown in Fig. 3-4(a) and (b).

In all the above tests thsre was some obliquitv of the waves.

PRI R MEREa Y sy aSweamtoyl  BEs- allbdode o —oelnud el L s e tdy



TABLE 3,2 - DATA TFOR SURF WATER EXCHANGE TESTS
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(1) n = negligible (2) rounded to nearest hundred
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asymmetry to the ccll. Since in all tests the offshore exchange
was effected through the agency cf one rip, the exchange rates
recorded must reflect a larse proportion of the net rip discharze,

Having regard to the crrors in measurements discussed above, the

9

discharges are probably within a factor of tws of the true values.

[
9]

5. Other results from the field work

During the tests described above some additional informaticn

was collected. It was chiefly cohcerned with the general qualitet-
jwe circulation of water and with the dimensions of cells. It i

set out below.

(a) General Circulation. Though a wide variety of

circulation tynes were experienced the previous idea

that they could be broadly classified into three

classes wes confirmed. As statad ahove these were
Cellular circulaticn - symmetrical and asymmetrical

Alongshore System.

Schematic diagrams illustrating these are shown in

Figl 3"51
(b) Cell dimensions. Maasursments of the cell Adimensions

i.e., the spacing of adjacent rip currents and the
associated width of the surf, are set out in Appendix

Lo Thev are summarized helow. The width of the

j=te

nner breaker zone was especially difficult to measure



Sﬂmmetrlcal cellular circulation

Asymn'\e.'rruc




Table 3.3 - Cell dimensions

Large rips nenetrating the whole surf

No. of Mo Standard
cbhservations T deviation
Spacing of rips (ft) g2" 1830 ft 450 ft
Surf width (ft) 28 470 ft 65 ft
Ratio spacing 16 3i7 1.0
surf width

Small rips penetrating only the inner-breaker zone

Spacing (ft) 35 197 £t 47 ft

Surf width (ft)** 3y 47 £t 15 ft

Ratiomsnacing 34 2.8 ! 0.8
surf width

ot ole ¥
Measured from m=an uprush toc noint of incipient breaking
includes the average of 11 rips observed from an zircraft

on A single occasion.

(¢) Periodicity of large rip currents

Based mainlv on dve and tethered float observations
the following are soma measuremants of the nerioadicity of
the pulsing of large rip currents in thair nassasze throush

the surf.

No. of observations Mzan Pariod Standard Daviation

30 8 mins 3.6 mins



6. Studies of sea level changes in the surf
Introducticn

Both the theorv and the field and model studies which havs
been summarized in Chapter I, make it clear that the momentum
associated with the breaking wave causes a set-up of the still
water level at the shore. This gradient is almost certainly the
cause of the greater part of the water rsturning seawards.

In searching for a cause and mechanism of the cellular
circulations, it secm=d that some investigation of it would make
a start in the right direction. As mentionad above, the transfer
of effort and resourceg to model studies resultad in this work
being curtailed before finalitv Had bzen reached. Recalisa some
interesting data resulted from the study and for completeness, the

details of the experiments are reported below.

Fauipment and Methods

The measurement of sca level changes over periods of time
greater than several wave periods and lass than the tidal period
calls for equipment which will damp out ordinary wave motion. In
addition since sea level changes ars not likely to be largs, some
degree of amplification is desirabl=.

Munk (1949a) used a tube placed with one =nd embeddad = short
distance in the sand of the surf bottom. The sand provided a
satisfactory degree of damping. Dorrenstein (1961) also usad a

tube into which the wat=sr cculd leak through holes nunched in the

gide of the tube. Both thsse svstems require wat~» level changss

\

~ 9

to bz read in situ - a requirement militating against continuous

measurenant over protracted periods.
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It was decided tc use a systen which is illustrated in Fic,

It consisted of a manomcter which was placed high upon the

beach clear of the water, connected by a 70 ft plastic hcse to

diamat=ar), which tovminated in a short

section bent vertical.: To facilitate launchinz and anchorine the
seaward end of the pipe it was fixed to a sladage. A Adamping

orifice plate with g" hnle was inserted in the pipe section which
was holcw sea level.
The manometar arms wers mads of

two 1" plastic pines whose

lower ends were joined by a short length of nlastic tube, the

f low of water in which could he contrslled bv a tan. The mano-
meter was fillad with tap water. Floiting on the water surface

in the onen arm of the manometer was 2 small square-section float,
Fluctuations in the level of the water surface in the onen arm

were transferred to a clockwork recorder by a thread, connected to

+y

the flecat and to the arm »f tha recorder pen, (See Fig, 3-7.)

A certain amount of trial and crror was necessary to find-:

a suitable design .for the diameter of the arms, the shape and
naturc of the float and the sizz cf the damping orifice plate.

The operation of the apnaratus was as follows:
The pines having been connacted up to the sledge, the sledgze

was nushed into water of about -8 ft depth (Just.seaward of the
e S =

inneary breakers). Care was taken to sac +hat the landward end of

b

4 45 - (PR =R -~ T MG = = LR T wad 15 & hv
tO <..,|.IA_L 4 S Neat =

3 ==t
unrushe. The ﬁlﬂgfﬂc pive was covered with sand

ate he snnacted up and
ing by thz sun. The manomctar was than connacted up

i imun £ ati f the raecorder pen
adjusted to restrict t+he maximun fluctuaticons of The Y

within the paper width of the rocordsr,



"SIONYVYHD Jm>m._|<.a<o




o

Rg——TO0 PIPE INTO SEA

WITH Ys" ORIEICH
RUBBER TUAE

THREAD TO
RECORDER PEN

PULLREY

)

CLOCKWORK RECORDER

30"

%\\\Y\\\\\\\\\_I
E\

PERSPEX ELOAT

(square SECTION)

WATRR

34 DIAMETER

NNNNNANNNANRRNY

. T

®
-+

PERSPEX
ADJUSTABLE ORIFICE

8TAND

FIG.3=7. SKETCH OF MANOMETER AND RECORDING
SYSTEM. FOR MEASURING SEA-LEVEL CHANGE



i AR o

Fluctuation of the sea level was transmitted to thzs manometer
by wav of water in the iron pipe and air in the plastic hose.

For calibratieon the sledge was pulled out of the water and
set up on the beach so that the pipa length which had heen at the
water-air interface was lving at the same slobe as it had bizen when
recordings werc made. A graduated parspex tubz extension was then
secured to the vertical section of pinme (which during op=rations
had bzen submerged). Watcr was added to this tube to produce a
varietv of hvdrostatic heads, and the corresponding nressure
changes wera recorded. A gpecimaen calibreation curve is shown in
Appendix 2.

In order to determine the rasponse time of the abparatus
static lsads of U436 and 8 inches wers applied and the response on
the manometer read at intarvals. Thz rasults of this test are

shown in Fig., 3-8 where y is thn response at time t for an appli-d

head (A). Using the =zlactrical analogy of the charging of a
condenasr (an idea suggested bv Dr. Schoute-Vanneck), ths response

b

time is given by the exprzssion

vhere T 1is tha time constant (T gives the time to reach 63% of the

maximum). The curve of the above cxpression is also plottad in

]

Fig. 3-8 where a time constant of 17 sec (found by curva fitting)
was used. The condenscor charging equation szems to pradict tho
response of the manometer svstam reascnablv satisfactorilv.

A time constant of 17 seconds would seem to be accnptahle
since 1t =nsures the damping out of the waves of pariod usually

8 seconds while allowing freedom for rasponse to changes of the

Ul

ordaer of a minute,
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It was obviously desirable to attempt a correlation of
water movements with the fizld measuromants of prassure chances.
On some occasions therefora, buovs with tetheraed floats were
moored in the vicinity of the nearest rip current, or dve was
released from time to time. Later it was clear that it would be
most desirable to have in addition a simultaneous record of the

wave heights. To achieve this a wave recorder based on the

<

principlz of one daveloped by the Hational Institute for Ocean-
ography in the United Kingdom was constructed. Essentially it

consisted of rubber ring securad to a heavy iron plate (50 1bs)

[ #1]

which was placed on the s«a bottom. A rubber hose (3" diameter)
connected the ring to a mercuryv manometer, in the open arm of
which was a float which transmittad changes of level to a clock-

work recordar.

Results

o3

In all twelve recordings of sea level changes were mada.

Five of the most satisfactory ware selected and parts of the
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Table 3-4 Conditions during sea-level measurement tests

r 1 |
Significant | Distance
Test wave height Wave from
Number Date (ft) at the | period Circulation nearest

bar (s2cs) type rin (ft)

1 27:9:55 6 8 5 8]

2 1.9.65 T 8 ' A 300

3 16.9.65 Sauh 8 S 600

L 2.9:65 12 10 A 3N0

5 | 21.7:65 5% | 11 S 50

§ = Symmatrical
A = Asvmmetrical

= No sand bar

Though the arrangencents made for observing the water movoments
were rather unsophisticated, thev did show that the movemznt of
water offshore was usually associated with a fall awav from a neak

of the sea level, (0ffshorz movements in rips when recorded have

been indicated with an "R" in Figures).

-1y

Furthermore there was sometimes a covrelation betwean.the

r

arrival of high groups of waves follewing a low group, z2nd the
action of rip currents.-

In tests 1 - 4 a3 sand bar and thz normally associatad circulat-
ions at the bar and ths foreshora worsz prasaent.

The sa2a level changes rasulting from the nearshore circulation

ar= no doubt complicat=ad, and interpretation of the record was

corresnondingly difficult. For example, in soms instances a ris:
in sea level was clearlv due to 2 longshore pulse of water. In



test No, 5, however, there was no har so the sensing heads were
effectively outside the surf. The circulation appeared to consist
only of small rip currents near the shore. On this occasion, a

simultaneous wave record was available. The sca level record

”

and the wave reacrd are shown-in Fig. 3-8h. The time of
operation of rip currents were in gome cases notzsd and they do sa2am
to be correlated with the arrival of a group of high waves.
Furthermore, the sea level outside the surf seems to fall with
the arrival of the high wave groups. This lowaring of ths s=2a
leavel is in accord with ths concepts of radiation stress but it ;
may well be associated with rip current activitv,

Table 3.5 shows tho avarage of the ton larser changes in

sea level.

Table 3.5 Sea level changeas

Avarage of larger s=a
Test Number level changes - inchas

e

D
-0

o]

3 5.3
5 8.2
5 4

The changes of sca level recordad in Table 3.5 are roughly
in accord with the field observations of Dorrenstein (1961) who
found the deep water wavez height to set-up ratio to be about iUy
and the wave channel results of Saville (1961) who found the set-up

to be 10=20% of the wave height.
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SECTION 1II

WAVE TANK STUDIES WITH THE CELLULAR CIRCULATION

1se Introduction

Models have been widely used for the study of processes near
the shora. Mostly the studies have been concerned with such
subjects as wave characteristics in shoaling water, wave currents,
gsediment transport, and wave sat-up at the shorc. Commenly two
dimensional wave channels have been used, but in tha study of

coastal engineering problems such as beach erosion or harbour

silting, wherc lccal topography has had to be simulated, threc

dimensional models ara needad. Faw studies sezm to have bzsen
devoted to uniform beaches. Notable amoungst these ara the

longshore current studiss of Putnam et a2l (1949) and Brebner and

Kamphuis (1963). Models to investigate mixing along a uniform

beach was usad bv Jordaan (1964). He reported the occurrenca of
rip currents, but tha beach he usa2d was of moveable sand. No

paper reporting the study of the n-rarshors circulation by nmeans of
normal waves in a2 uniform three-dimensional fixed beach model has
been found.

Experiments in three dimensional wave tanks were underteken in
the first place to see if the nesarshore circulation could be
simulated on a small sczlz2 and if s0, to see if the dimensions of
the cells formed weres in proportion to those found in the prototype.
These experiments were carriad nut in part of an existing wave
basin (designated Wave Tank Mark 1).

The study shcwed that the cellular circulation could indeed be
simulated. A good deal of time was spent in trving to establish

the cell dimensions under verving wave conditions. The opportunity
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was also taken to make some measurements on the longshore currents
and rip currents and the dilution of inserted tracaers. The work
with this wave tank was thercfors a faiplv generalizad study aimed
primarily at obtaining som: quantitative data about the circulaticn.

In the course ¢f the work, howaver, some phenomena (standing wave

oscillaticns) were ocbserved and thev seesmaed to warrant further
investigation. Tt was not possible to do this on the Mark 1 wave

tank because the building which housed it reverted

ts original use. It was decided to build a seannd wave tank -

to
Mark 11.
Financial considerations limited the scecond tank to modest

proportions, fievever @ the wave gensrating aquinment was
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undarstanding of the standing waves. The lattar study revealad

the impartance of edge waves,

At this stage it becama clagr that ths problem called for an
intensive -work on wave interaction, reauirine rathar more refined

equinment than was available, and a more accuratalvy uniform model -

i

especially the beach. It wzs therafore decided that althouch the
enquiry was far from completa, it had progressed to a point where
it mieght be recorded.

It should be noted that when the model work started there was

little in the literature on which to base a programme. The

rrogramme developed as the work proesressed.
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2. Design considerations

It is cbviously dasirable to avoid distortion of the horizontal

and vertical scales whan dealing with wave phenomena involving

-

orbital velocities.

the nature of the

fi
D
b
ct
o]
J
3]
=

The choice of scales is depen
processes belng investigated. Conmpletn similitude between prototype

and model requires that they be geometrically, kinematically and

dvnamically similar, This mcans cimilarity, resnectivelv, of ths
ratios of dimensions, velocities and forces. In practice a

compromise is usually nacsssarv, 2spaciallv from tha dynamical
aspect.

In problems with turbulent flow with a free water surfaca,
it is usual to arrange for equalityv of Froude number for model and
nrototyne: The assumption here is that the gravitational forces
predominate over the viscous forces. The Froude number T is

given by:

Vv

r = oty

/gL
where V is the velocity, g is the gravitational acceleration, and
L is somz length. Using subscript "p" for the prototvpe and "m"

for thz model.

A4
i o) 1 ‘Tm
/gtﬁ ;/ng

Since L = CT where L is the wave length, C the phase velocitv, and

T the pariod.

o
Lp

1
-3 l 3
o |3
| R |
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i.e. if the length scale is fixed at y then the time scale is

ni=

u .

Le Mehauté and Collins (1961) have axamined tha choice of scales
for nearshore studies. They stress that similitud:s here implies
similar wave patterns and similar break points. Since the wave

velocitv is given by

g* = gL apn 22d
2w L

Similar wave patterns are produced if

d {d ‘
= | field ={""| model
L L)
or Lm g dm E
Lin d, ”
They show that
Im 3
z
depth at breaking ratio dBm
e 2y
dpp

1

and deduce that longshore and rin currents are relatad by py? and
: 1

that mass transports are alsc related by p?.

It appears that if the wave period ratio is fixed the above

phenomena are preoduced to scalz,

Mechanically it is convenient to have wave pericds in the range
0.5-1 sec. In nature the rangas 5-10 s2c. is common. A conveniant

time scale patio is thercfors 10. The length ratio thus becomes

100.
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3. Studies with wave tank Mark 1

The Wave Tank

ithin a covered model wave basin (about 139" x 100') which
had been used for other studies, a smaller rectangular saction
was partitioned off. This smaller basin consisted of a heach

36 ft. (later 24 ft.) long parallel tc, and 40 ft. from, a bank

of pneumatic wave generators. The sides were formed hy moveable
wave boards. To form a backing for the beach asbastos sheets
2 ft. wide were laid at 22.5°. Against these sheasts, heaches

with slopes of 6° and 12° were constructed of sand or *tin plate.
(4 ft. wide)d: See Figs: 3.:10:

From the beach to the wave genarators the bottom of the basin

3

was aand whosae contours were uniform a2nd parallzl to the beach.

The danth »f water ovar the sand beottom was 6'" from still water
levcl.

The nneumatic wave generators produced waves with heights
varving from §" to 3" and a small range of periods 0.635 to 0.82
SE&CS. Unfortunately, being 2ld the wave senevators produded 'Wwaves
whose teights were spatially somewhat variable. ™ The-

directicn of wave propagation was normal to the beach.

Mathods of Measurements

Wave Periods - The pericdicity was determined by timing 30 waves.

Wave Heights - Heishts of waves were measured at 2 ncsition some

10-15 ft from the beach by recording the vertie=l oscillation of
a cork float on a clockwork receocrder. Difficulti~s were cncounter-
ed probablv on account of seiching.

Beach Widths - The position of maximum and minimum uprush, mean

"sea" lecvel, the noint of brzaking of the wave, and the point at

.-

which the wave face became vertical were measursd against a scale
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by sbservation through a telzscope with CrOSSWires,

Rip and Oscillaticn Spacing - The distance apart of rins and

the peaks of oscillations was measured against a scale painted
on the asbestos boards.

Longshore Currents and Rip Current Velocities -  Valocities were

il

determined by timing the head of a dye patch ~ver 12-20 inches.

Dve Concentrations - Dye samples (sodium fluorescain) were

taken batchwisc and analvsed in a fluorimeter.

Photography - Photogranhic records were made us sing a 16 mm

13

camera with Kodak Tri-X (black and white) with aperture f 8-11,

and Type A colour film with f 4-5.6 both at 16 and 24 frames/scc
Still photogranhs were taken with Agfa CT18 with azperture

f 5.6 at 1/30th sec. A few wore taken with Kodak Tri-¥ pan fast

black and white.

For lightning four spot lights of 500 watts and two "sun guns”

W

of 1000 watts each ware used. Later the sun guns alone wert
2

found to bz sufficient. [ﬁot@: In the photogranhs which follow

straicht black lines are to bz =can. Thase wera wires stretched

over the tank well above the wsterl 3

Purposec - to sce if ths breaking of 2 uniform wave train anproach-

ing nerrmally te a uniform beach would produce a ccllular type
circulaticn.

-

Procadurc - A sclution of sodium flucrescein and/or rhodamine R

dye (suitably diluted with ethvl aleshel to adiust its density

tc that of fresh water in the tank) was dispensed along the waters

edge, or continuously at 2 fixed point, when the waves were breaking,

Results - It was at once apnarent that cells of circulation as

marked by the dys occured all along the beach. Thase cells are
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illustrated in nhotosraph 3.5b whan sodium fluorescein (yellaow)
and rhodamine. B (red) were relcased continunusly at the water's

edgze at a point mid-way between the rins and were carried out by

rip currents., The different dve cclours can be seen in each half
of the common rip current. At the tims the photogranh was taken
recirculation back towards the beach had not vet commenced. In

photograph 3.5a2 the dye was disrersed In a batch along the waters

edge and was photographed when the dyved longshcore current had

cleared into the five rin currants: The start of recyeling is

ovidents The white circles at the base of ch rip are foanm.,
Photograph 3i6 shows some detail of 2~ large rip current. Fop

comparison nhotcgraph 3.7 of a large rip current: cccurring in the
field is included. The similarity in shape is remarkable. In

photeograph 3.8a and b smaller rins baotween tha larce onas can ba

seen.

Other pointes of interest are:

(

[

) The watar in the rin appeared to move offshors in the
interval betwean the arrival of the breaksars. Visual

1 .

observation sugzozsted that with the breakins of the wave,

h

the outflow was halted. (Uzz2 is made of this fact in
later calculationsl). Thera was nolong period nulsing

28 observed in nature - but unlike those in ths prototvoe
the waves were of course of uniform heicht.

() The second notable features was that the outflow of

water in the rip currents prnduced an appnarent retardation

of the incident wave front. Lookad at from the heach the
wave front was concave in the region of the rips. This

concave portion of the front rasulted in a comnonent
directed along shore towards zach rip. Examplaes are

clearly to be seen in Photorranhs 3.6 and 3.8,



(a)

(b)

Photographs 3.5a & b. Cellular circulation from waves 0.5" high
period 0.75 sec on a tin plate heach at 6° slope.

(a) five rip currents marked with red dya - recveling has ijust
begun. White circles at the rip base are foam.

(k) two circulations cells marked with red and y=llow dye
applied continuously.
W 2 e
. ,«“""——-- -

Photograph 3.6 detail of a large Photograph 3.7. A lavrge
rip current in the model with rip current in the
small rips in the red dyvec. field. Note wave

refraction.

Note: In the three wave tank photogranhs the generated waves approach
from the bottom and break on the beach just above which is a
measuring scale. The black lines across the photographs are
overhead wires.




(b)

(a)

Photograph 3.8 (a) Cell of circulation showing small rips
between the dominant ones, and wave retard-
ation bv dominant rips - continuous applicat-
ion of dys
(b) Detail of a half cell showing rip feeder

and sideways motion near rip base - the
wave had just broken

(Waves of height 0.5" and period 0.75 secs were propagated

from the bhottom of the photographs).

Photograph 3.9. Standing wave oscillations on 22.5° ashestos
slope - peaks shift half a wave legeth with
each successive generated wavae. Generated
waves of period 0.75 sec approaching from

the bottom of the photosraph.
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The wave obliquity was greatest near the rins and
negligible mid-way between theom. This latter fact was
particularly apnarent when rip spacing was larce. Dye

travelled away from the midpoint towards each rip -

as in nature. The averane angle of obliquity of the
wave front at hreaking was ahout 8° for 3" waves. iy -

extended for not more than 2 foot in each side of the rip.
(¢c) The recycling action was well simulated in the model -

a portion of the water in th2 rip head racycling into

one cr  each of the adjacent cells. Recyeling was

mest vigorous near the rips.

3 ) . . e e 3 o L 1n ~
The above refers to a tin plate beach .at 60 withvz" waves of N.75 secs

With a moveable sand beach the rins were not so clearly defined

and tended to shift position. It seemed that the heach did not
settle down to an equilibrium state. A submerged sand bar and
trouch inshore of it formed as in nature. At first a sand-bhar

built out seawards at the rips, and later (after 10-20 minutas)
the beach contour at the waters edge huilt seawards at the rip
base forming a small promontary,

As with the tin plate basa small rims not penstrating the

breaker line occured between the large rips. Gradually, beach

of about 9". (wave period 0.75 secs)

Using the tin plate beach 2 nhenomana of some intarest cccurred
when the waves were first startad. Under the still water condition
dye had been inserted along ths shore, With the arrival of the
first waves the dye behaved in the following way:

(a) It was compressed into a fairlv uniform band by the first

few waves.,

(b) With arrival of more waves small rip currents formed but



R Ey S

they did not penetrate the surf.
(c) Later some of the small rin currents grew, penetrated
the surf and established the circulation.
Selacted cine pictures record this process in Photozraph 3.10.
The upvner picture shows the organising of the dved water into a band.
Prior to the arrival of the first waves it was irregularly disnersed
across the surf zone. The centre nicture shows the incinient rips.
Note the transverse cscillations occurring along the incoming wave
front just before breaking. The lower picture shows the two rips
which had fully developed. One undeveloped rip etill marked with
dve can be sean within the surf zone. The apnarent retardation
of the wave front by the rip currents can be seen in the breaker
surging up the beach.
TEST M,2.
Purpose - To measure tha spacing of rip current with waves of
various heigchts, (period fixed) and the accompanvins surf width,

Conditions - Tin plate beach at 6°. Wave period 0.75 secs.

Spacing of Rip Currents - The spacing of dominant rip currents as

markaed by dye was mcasured for waves of various haights. Spacin

q

4

Y

were not absolutely regular and furthermore, the presence of small
rips (hardly penctrating the break noint) and evancscent rips some-
times complicated the nicture. A further complication was the
fusing of two rips before or just after passing out of the surf zone
in a way similar to "feeders" in the protetvpe. In g=neral the
small rips were disregarded and the fused rips treated as ona.

Fig. 3-11b based on data in Appendix 5 shows the change of averase

spacing. The trend is an irregular increase of spacing with wave

i

he

l.-l .

ght.

Surf Width - Wave Daight Relationshin - When a wave anters

shozling water its stcenness increases until a point is

L L -
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Phectograph 3.10. Enlarzed frames from a 16 mm. ciné film
of stages in the development of rip currents starting
from the still water condition. Tha direction of
wave propagation is from the bottom in cach nhotecgraph.

(a) virtually undisturbedé band of dye at the water's
~ +h

edge - just below the measuring scale

(b) potential rips developing at 4 points - note
undulaticons in the wave front

(c) only two rips have fully develoned.

Total elapsad time - 30 scc

U
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reached where the wave face is vertical. The wave then breaks.
However, since breaking is a2 dynamic process there is a significant
distance between the point where the face is vertical (afterwards
referred to as the vertical point) and the point where the wave

collapses (the break point). The breaking wave sets un the water-

line above still water level. The level reached is the point of
maximum or minimum uprushi In determining the surf width to wave

height relationshin all five points were recorded, i.e. the

vertical point, the break pcint, the still water sea lovel, and

the noints of minimum and maximum uprush. The obscrvations are
recordad in Appendix U.
The surf width of course increases with wave height. Tha

distdhce from the mean of the vertical and break noints t5 the mean
unrush is nlotted against wave height in Fig. 3-1la.

TEST Me 3a

Purpose - To measure the mean velocity of the longshore current-
betwean rips.

Conditions - Tin plate heach at 6° sloney; wave neriod 0.75 sec,

Method - The longshore currents flow from some peint 2nprox-

L
imately mid way betwean adiacent rips to the rip base. Over a

measured distance 12-20 inches long,the nassage of the head of

-

a small pateh of sodium flucrescein dye was timed, for various

wave heights, Care was taken to start each run in tlhe same wave

Results - The velocity mazsuraed was an average valocity and
ranzed from about 2-3.5 inchas per second with waves of heicht
0.5 - 1.8 inchcs. The trend was ona of increasing lengshore
velocity with inecreasing wave height,

The results have been recnrded in Apnendix 6 and summarized



Purpcse - To measure the mean velocityv of the rip currentsy

Conditions - Tin nlate beach at 6° slone. Wave period 0.75 secs:

Method - A method sinmilar to that for Test M.3. was used, The

velocity measured was an average velocity over an arbitrary

1.

measured distanca from the break point. Measurements were
started at the same wave phase.
Results - The results are raecorded in Appendix 6 and summarized

in Fig. 3-1llc. The velocities wers less than for the correspond-

ing longshore current and ranced between 1.2 to 2.6 inches per

second over a wave height rance of ¢.5-1.8 ins:

TEST M.5 CONCENTRATION CHANGES OF INSERTED DVE.

Purnase - Two a2xperiments wzre carried cut to maasure the build
up of dyz concentration at th= shore resulting from continucus

releases of dye.

Conditions - Tin plate becach at 12° slopa. Wave perind 0.75
sec. Wave height 2.5 inchzs.

Method - The dye sodium fluorecscain solution mixad with aleohol

to render it neutrally bucovant was rcleased throuch a fine nozzle

-

rom a constant heac annaratus. Samples f~r analvsis in a
fluorimeter werc taken batchwise at the shore in sm=all test tuﬁﬁs
The raw dye solution had a dyve concentration of 1,480 ppm.

Experiment 1

The dye was released ab~ut 4 ft offshore on the s=2 hrttom near

one of the rip heads, a2t tha rats of 2.44 ml/sec. It was virtually
in tha rip head. The results 2f the fluorescance analysis of
samples taken at the shore are reeoriad in Anpendix 8, Fig., 3-12
shows the build up of concentratinn. The time tzaken for the first
dye to arrive at the shore wes 75 seconds. A ecvele took 120

seconds,
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In experiment 2 dye was released at the rate of 1.64% cecs/sec

at the base of the rip. The results of the analysis of sampnles
takzn at the shore are recorded in Appendix 9. Fig. 3-12 shows
the build-up curve of the recyecled dve at the shorec. In the rip

itself the concentrations of dve just before the end =-f the tast
was 23.3 ppm.

It may be noted that the experimaent was of insufficient duration
to allow a full equilibrium situation to become zstablished. In
all recycling about five cvcles wers ohservad. The time for one

cycle was anproximatzly 120 seconds

TEST M.b6

Tt was found that an interestins phenomenon occurrad with small

waves breaking on a 12° slope or when the water level w=2s raised such

that thz waves surged up tha 22,5°% zsbestos bnards backing the
L S

beach., In 2 matter of minutes ogcillatinns built u~ transversalv
alonz the waters edge. See Photegraph 3.9

Thesc oscillations were of thraoe main tvnes each of which could
occur under the samc wave conditions.,
(2) The most common type is illustrated on Photograph 3.11
which is composaed of selactad cind nho tograrhsg. The

measuring scale is sat along the tep of tha 12° tin

ey

late beach and the generatod waves aporaceh from the

bottom of each photngraph.

N
el
o
Pt
~
<!

It mav be notad that the waves like standing

waves whose crests or neaks shift a half wave length with
sach successive zenarated wave. The three dimensional

shane of the wave may Bz seen in some of the

nhotographs. These oscillations suzeoastad that the



Photograph 3.11. Selected 16 mm. ecine frames showing
the hz2lf wave length shift of nosition of crests of a
standing oscillation whaen two successgive wavaes (0.65

sec) surge up a 12° sleone towards the measurine scale.
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;  components of the standing wave had periods twice that
of the generated wave.

A 3

(b). The second type is illustrated in the accompanying

-1

sketch Figs 3-13...

Ve

ere the peaks .occurred in the

same place rising with each incident wave and falling

‘between thg.wgyggllm)The_amalitude increased with each
wave until it reached a‘méxﬁﬂum (about 9") after which
it might transform into type (a) above. A fairly
vigorous outflow seaward was associated with the
recession of éach peak. With this tvpe it would seem
that the pefiod of the components <f the standing wave
were originally aQual tc that oF the generated wave..

(c) A variant of type‘(ﬁ) was where the crest rose with the
afrival of evéry.alternate generatad wave. This 4id not
transform into the other type. This kind of standing

wave might be formed if one compnonent had a pericd equal

to that of the gensrated wave and the other twice it

1)

Tvpe (a) was subsaquently studied in more detail in th

Mark 11 meodel.

4, Studies with Wave Tank Mark 11

The second model which was built 2t Xloof was 19. ft. lone and

20 ft. wide. It was constructed by building a 2 ft. wall around
a cement slab, The walls were plastered on the inside, 9 ft.

from the end with the wave venerators a 6° cement beach sloped up
to the other end of the tank. Ths surface of a band across the
Leach which included the breaking and run up zona, was rendered

smocther and more uniform by the application of a fine egrained
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FiG.3=13. SCHEMATIC DIAGRAMS SHOWING PHASES OF A FIXED POSITION
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"polyfiller" which was painted white. Photograph 3.12 gives a
general view of the tank.

The wave generator was of the paddle type, hinged at the
bottom. It consisted of a 20' x 12" x 13" hardwocd board (coated
with epoxy resin) which could be moved to and fro by a reciprocating
motion provided by a 1z h.p. motor acting through a gearbox. The
wave period could be varied by altering the tension on a variable
speed pulley. With suitable ratios of pullevs, periods of 0.6 -
1.65 sec. could be obtainad. Alteration of the lenegth of stroke
of the reciprocating mechanism gllowed 2 range of wave heipghts cof
0.2-1.5 inches.

The uniformity of the wave front obtained bv this cenerator

)

was superior to that in the original model. The waves produced
were, howaver, not unique but centained harmonics,

The initial purpose of the continued wave tank axperiments

was:
(a) to investigate furthsr tho effect of wave heicsht and
period on the disposition of rip currents.
(b) to study the marked standing wave oscillations found
previously.
TEST M.7.

With regard to the studv of the disposition of rip currents,
the procedure adopted was to record the places (as indicated bv

dve relecasad along the waters edge) at which rip currants formad.

Combinations of the follcwineg wave heichts and periods were usad.

Y

Wave heights (inchas) Q.25 O« 55 Qv75 1.0
Pericds (Secs.) 0.65 0.75 0.85 Il 3id
Wave pericds were measured by timing thirtv waves.

Jave heights were measurced by means of a pair of external

2 -
T e oy~ T T, . et Ns = e VTR e 35 ottt v ot on @S owe Al Y L L ~



portion of the tank at two points onz half wave langth apart.

The error in wave haichts was cstimated at £10%.
Results

The wave front was satisfactorilv uniform and in this resncct
a great improvement on that from the pneumatic generators The

rin current pattern was in general very similar to that obtained
previously. Ripsappeared - so far as the size was concernad -
to fall into four classes.
(a) verv small onaes saveral inches apart which did not
penetrate the breaker line

(b) small ones, some of the order of which

“h
0O
=
(1)
=h
O
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ct
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My
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(¢) moderate rips which penetrated the surf, but travelled
little beyond it

(d) dominant rin currents which penetratad well beyond the
surf zone.

The first two types wer: transitorv and the dve carried cut by

them soon drifted alongshore to toin up with the larser rins. fi -

was not possible to decida with certaintv just where thev were

scrimination between the moderate and dominant rins

l.J-

situated. D
was usually fairly clear cut, but there were occas’ons when the

decision was HLC“SSaPllV S”hTJCthC.

7]
)

Figs. 3-1ll4a shows a nlot of the change of spacing of the dominant
rip currents with various wave height for fixed wave periods. Pig.
3-14b is a plot of the chang=ss of spacings with various periods for

fixed wave height

O]

ot

There seems S

o be a trend of increasing spacing with inereasing
but it was not constant or regular. On th2 other hand

icht
the spacing wave period granhs show no clear tendency.
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There was a remarkable occurenca whan the wave period was

about 0.65 secconds and tha wave height 1.2 to 1.5 inches. Thraa
dimensional standing waves wepre very clearly observed just "se:z

ward" of the break point. Tha wave crest At breakineg was
corrugated in the vertical planc and scallenad in the horizontal
plan=. At fairly regular intervals of about 12" a short section
of wave crest (2"-3") broka in advance of adjacent nortions.
Associated with each scction there was a small rip current - about
20 over the width of the tank.

Photograph 3.13 shows the standing waves, Photoaranh 3.1l4a

and b some of the surfacs patterng,Photosranh 3.15

o+

he scallonad
breaker front and Photogranh 3.16 ths corrugations aleng the crest.
3 3 . - » - \
Examination of the eine film from which photosranh 3.16 was

taken showad that there warc differential times of branking along

It

ths wave crasts The troughs or shallower portions cof the
corrugations brcke firsti

TEST M.38.

Another interesting feature was the occurrencs of regular

standing waves (similar to thoso repncorted for Model Mark I) formad

in the nlane of the becach along the waters edee. Thaesze develonead
about 90-120 secconds after the wave generator had been started.

The oscillations are illustrated in Photographs 3.17 and 3.18.

Thev consist of something like parabolic shaped crests scparataed

=

by shallow troughs. Their position shifted one half wave length at

L

the arrival of successive gaenerated waves. They graduallyv crew in
amnlitude until they reached a maximum. Reatint was sometimes
observed. The oscillations wsre only observed with small gonerated

waves (less than 0.5 imchas) and periods batween the maximunm



Photograph 3.13 showing
standing waves across the
huilt at Kloof. Wave gen=rating tank (Mk.II) just.before
the wave hreak noint.
Note patterns over White
portion of slope. Wave
sloping beach has heen painted height 1.5" wave period

0465 secs wave direction
white. Width of tank 20 ft. left to right. (Dark
line is 3" expansion
joint at Lottom of 6°
slone).

Photograph 3.12. Wave tank Mk.,II

o
board is top right: & concrete

(a) (b)

Photograph 3.14. Standing waves - probhablv rasonance condition -
caused bv 1,5" waves of period 0.65 sec propeagated from left
to right. Agsociated with the generated wave just on the
white portion of the 6° slope, the comnonents of the standing

wave can be seen - especilally at the top of Photograph 3.1lub.
They are almeost cartainly edge waves.



Photograph 3.15. Vertical photogranh of waves 1.2" high and of

period 0.63 sec propagated from the bottom of the photograph,
showing scalloped pattern of wave at breaking just prior to
rushing up the bzach (6°) towards the scale. Scallops are
probaﬁly caused by a standing wave (near resonance ?) which
can be seen travepsing the tank just below the white part of

the slope.

Photograph 3,.,16. Very oblique view of A wave at breaking showing

marked transverse corrucation along tha crast, The photograph

was taken from near still water level at the becach. The waves

{height 1.2" period 0.65 seec) are apprcaching the camera. From
a 16 mm ciné film taken at 24 framecs per sec on the same

acoc2etinn ac nhotAaocoranhe 2 .10 3 & Ko



Photograph 3.17. Oblique view
along the 67 slope with waves
(heicht 0.3" period 1.31 sec)
propagatad from right to laft
and interacting with a trans-
verse standing wave along the
water's edgs (running up the
photograph) to produce waak
rip currents marked with dve.
The generated wave has just
spent itself and produced
large amplitude surges opnosite
what had been a down slope
trouch of the standing wave.

Photograph 3.18 a & h.
Vertical view of the bheach
(whitc) with generated waves
(height 0.3" period 1:295
sac) nropagated from the
bottom of the nhotogranh
towards tha scale, interacting
with transverse standing
waves alcnes the water's edgs.
The water was dved dark red.
Note patterns on the water
surface.

{(a) just »rior to the arrival
of the gencrated wave

(a) (b) just after the wave had
snent itself on the 6°
sicna - water from the
crasts or surces is
returning down slopne.
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possible period, 1.65 seconds, and about 0.95 seconds. There
apneared to be a tendency for the oscillations to disappear or be
masked with higher wave heichts, Amnlitudes wrre not measurad
but they were clearly greater with the longer periods.

When dye was dispersed along the waters edge it was observed
that slow moving rip currents formed cpposite the retreating crests.
See Photograph 3.17.

The number of ncdes along the 20 {t. beach and the wave loength -
distance hetween simultan=ous peaks - are given in the Table 3.6.
With some periods the nodality was not unique but varied hetween
values differing by one. During the decav of the oscillations
after the generator had heen switched off, what appeared to be the
componant waves of the standin~ wave could he obsarved. Thare
seemed to be a possibility that the standing wave was due to "edge"

vAVES. To verify this the followine exnariments weare performed.

EXPERIMENT WITH TRANSVERSE WAVES

TEST M.9.

te

o)

Purpose - The main purpose of the experiment was tec gener
waves whose direction of nropagaticn was parallel to the beach.
Equipment =~ The generating gear was disconnected from the main

wav

b

generating hoard, and connected by means of cerds running ovar
pulleys to two short wave boards set aleong either side of the tank.
The boards were 6 ft. long 2nd 6 inches deep and wera securcd

by hinges attached to the side walls near the bottom, about halfway

down the slope. The tons of the boards were lavs

v

ly, and a few

(

inches above tha still water lzvel.
When the generating gear was set going the boards onscillated

to and fro producing waves prozagated simultaneously, and initially



NODALITY

WAVE

FOR

TABLE

3.6

AND WAVE LENGTHS OF THE STANDING
VARIOUS PERIODS OF THE GENERATED
WAVE-SLOPE 0OF BEACH 6°

Period - secs

Nodality (N) Wave lencth ft. = 2
7 5.7%
7 Bl
8 5.00
8 5.0
9 445
9 L.u5
3 bo42

10 4.00
10 4,00
11 3.55
11 3.65
12 3.33
12 3.33
13 3.08
13 3.08
14 2.85
15 2.66
15 2.66
16 2490
18 2,22
21 (anprox.) 1.92

i




parallel teo the beach.
Results -~ The initial waves fronts wers soon distorted by
refracticen, the portion nearcst the waters edse lazoing. Small
edzz wques were seen te move ranidly along the waters cdse.

By suparposition the transvers: wavaes (gensrated from either

side) nroduced a standing wave qualitatively similar to tha

o+

reported above. Becausz of the time taken fer the wave axpansion

o

to occur the oscillations near the cides of thae tank were not
clearly defined, Sea Photosranh 3,20. When only ~n2 one hoard

was oscillated the =zdge waves 2as shown in Photo. 3,19 were pnroduced.

Purpose = To examine the interaction of waves generated normallw
to th= beach and from both sideas.

Procgdure - The wave generating mMechanism was reconnactaed ta the
main wave board so that it simultancously generated normal and

transvarss waves.

Results - The standing wave at the waters adee was different in

this cass, Antinodes now occcur at fixed nesitions with each wave.
There was not the half wavelsnsth shift of antinode pesitions with

g

the arrival of successive normzal waves that there was «in Tést M. 8.

TEST M.11l.

™

Purpose - To examine the interaction of cdge waves consrated from

onlv onz side, with normally incident waves.

Procadure - One of the sidz flaps onlv and the main wave board
wers connected to the rcenorator. There was therefore interaction

batween onlv these two wava trains.
Results - At braeaking tha mein wave train was distortzd where it was

sunarimncsad on the transverse wava. At the distortion a rin



Photosraph 3.19, Vertical photogranh (an enlargement from
2 16 mm ciné film), of two edse waves of »ariod 1 sec
propagated from right to leaft along a 6° bheach slop=.

The waves which ars probably the 3rd mode are ocutlined

by dye. The measuring scale marks the water's eadge.

Photograph 3.20. Oblique photograph (lonking along the water's
edge) of two edge waves travelling in opposing directions
and forming a2 standing wave - which is marked with dark

dye.
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current was formed. Tts direction of travel was slichtlv oblique

in the direction of the transversec wave propagation.
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CHAPTER TV
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T The similitude of model and prototvne

One of the most intcresting findincs was that the symmetrical

cellular circulation of the nrototvne could bhe reproduced in a

uniform wave tank. Most of the salicnt features of the formoer
were wa2ll reproducad. The longshorae cusrante flowed awav from

mid-cell in opposite directions, rip curronts flowed seawzrds and

[
o]
ot
5
M

T
3
2
0
D
o]
9]
5
¢}
ct
s

rdad the oncoming wava. Feeders cumwnlying the

rips were also reproducad, and the similitude betwaen the svpreading

of the rip head and recycling was rood. A notable difference was
that the wave tank rins exhibited no long neriod pulsing. Howaver

since pulsing is thought to be associated in nature with the arrival

th
of successions of high and low groups of waves, the uniformitwv of

wave heishts in the model may well explain the difference.

Concerning the dimensions of the cells thz following is 2

Y

comnarison of the averase cell width teo surf width ratios.

N

Average Ratin

Field (a) Cells involving the whelza surf 2 d
(b) Cells involving innar breaker zone 2.8
Wava tank 4.75
The wave tank ratio was derived from Figures 3-11a and b. The

differences mav perhaps be ascribed to

(a) the difficulty of deciding on what exactly are the
boundaries of the innar breaker zone - or of any
breaker zone.

(b) a difference in depth at breaking which misht result
from the moveabls sand bhed in nature and the smooth
tin plate in the tankj; and alseo the affects of the
bar and beach step in nature.

The mean spacing of the large rins were 1830 ft (565 m)
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compared with 500 m (Larras 1957 as quoted by Bruun 1963) and

400 m measured at Clateop by Shepard and Imman (1951).

2. The causes of cellular .circulations

The reproduction of the nearshore circulation in wave tanks
provides a useful tool for studying the underlying princinles.

So far as is known the only previous thecrv with experimental
backing which identifies a causes of the circulations is that of
Shepard and Inman's (1950). In this instance the theory explainad
satisfactorilv the field observations. As notazd above it was
based on the spatial variations in wave heights resulting from
divergence and convergence in the region of the very striking
submarine canyons which wers situated off the test beachs

The field work at Virginia Beach where the offshore topography
is relatively uniform and the production of the circulations in
the wave tank where the topography and generated wave heights werse
uniform, leads to the conclusion that topographical irregularity is
not a primary prerequisite for cell formation.. Though there 1s
of cocurse no doubt that where topographical features are present
they have a most potent influences The wave tank data suggests
rather that a mechanism for cell formation micht lie alsewhere and
that it might bhe found in factors which tend to distort the incident
waves or breaker fronts - spatial variations in hvdrostatic pressure

along the shore being a consequence.

5 Systems in Unstable Equilibrium

163}

3oy It has been noted that as the waves progress into shallowing



D5 -

water tha mean horizontal displacemont of particles beneath the

wave lncreases. At breaking ths momentunm sets up the water level
at the shore, which in turn induces a return flow. There is also
an accelerated imparted to water vreturning seaward as the backwash
flows down the beach slone. Tntuitivelv it would scem that these
opposad accelerating systems must be unstable and sensitive t2 small

transvarse disturbances.

S Similar systems in unstable equilibrium have been the
subject of study in other branches c¢f phvsics. Ona of the first

unstable systams to be analysed was that of liquids hzated from

below,

LL/

Bernard (1900) as renortoed by Ravleigh (1916) found that a thir
laver of liquid when heated uniformly from below "ranidlv resolves
itself intc a number of cells, the motion being an ascension in the
middle of the cell and a descension at the common houndary batwsan
a cell and its neighbours”. Using mathematical metheds suitsble
for systems falling awav from an unstable zquilibrium Rayleirh was

able to predict the mode of greatest instability of a2 disturbance

(cell width) in terms of the depth of liquid, viscosity and heat

conductivity. He found a an the wave length
of the mode and depth of liquid, Tha seeminaly analozcus ratio
between the rin spnacing d surf width observad in the field nromnt-

ed the wave tank experiments renorted abova,.

2

3.3

L

0

2Wis

0

(1950) described cxperiments in which a laver of liquid
whose surface was disturbed bv applied oscillations, was accelsrated

downwards by the release of hisch nrassure. The outcome of the
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exneriment was that "fingerd of air penetrated into the 1liquid. See
Fig. 4-1. These "ingerd' are somewhat reminiscent of rip currents.

Tavlor (1950) has developnzd the theory of the rate of nenetration.

1]

Brocke Benjamin (1957 and 1961) studied theoretically and

axnerimant.

ally the stability =f a thin film of liquid flowine down 2 uniform

slope. He found that the svstzm was unstable and develeped waves

travelling both in the direction 2f the fluid flow and transverszly.

Fig. 4-2 taken from his nancr (1961) shows this. Though he was

mainly concerncd with the devzlonment of instability in responssz

to a perturbation (in this cass the pressure of air from
upper patch of waves in the figure) his experiments also
transverse waves developing from what he suggests was an
in the trough supplving tha fluid, These are the waves
lower nortion.

Though the possible applicabilitv of t

zone was arrived at indensndentlv from the field work, th

firet speculated upon bv Isazes (1964).

3alh, The essence of the Rayleigh-Taylor instability (
named) is that the way in which an unstable svstem falls

an unstable equilibrium, is influenced by small nscillati

the

o 1d

a

9]

away

ons

it

is

from

imninging on the system. One mnde ultimatelv dominates the svstem

and this is the ong which grows most rapidly with time.

There is some zvidence that such a process is at work in the

very first stases of the develomment of ths cellular circulation.

It will be recalled that Photegraph 3.10.revealed the formation of

a number of closely spaced embrvo rips with the arrival of the

first few waves. But only somz of these develoned to set th

dominant pattern. It may be supposed that thoese are t
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Fig. u-1. Successive stages (micro seconds) of the

acceleration of a water film showing
penetration of air, (After Lewis 1950)
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Fig. u4-2. Transverse and longtitudinal waves devel}oped
in an unstable film of water flowing down a
glass sheet. (After Brooke Benjamin 1961)
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which correspond tc the mode which developes most ranidlv with

time. As to what determines the growth with time, such factors

as the mechanics of the nrocess and the nead to satisfv continuity

will play an imnortant part, When an equilibrium circulation is
reached hecwever the spacing of the rips should bear some direct

relationship to the wavelensth of the dominant mode,
It is proposaed to examina some of the wave tank chservations

&

to see whether there iz scma charactarietic fransverss oscillation

which might inpress itself on the falling away from instabilitv.

From the avidence already availabdle gdge waves suceast themselves,.
Having loocked at the problem frem this aspect, attention will then
be turned tec the mechanics of the process.

Thres cases will he axamined

(2) that where waves of low amnlitud:s wors associated with

larse transverse standing waves alonz ths waters edre

~
[ 2
~r

that when rathayr larrse waves(l.?2 - 1.5 inches) of peried
in the region of 0.65 secsg were associated with notable
transverse standing waves near the region of breaking

(¢) those of a more gensral neture net associated with =ny

particular generatad wave characteristics, whare the

cellular circulaticn was present.
b.1. Standinz Wave Oscilletions =t the Waters Fdre with Low

Amnlitude Waves

Very large emnlitude nscillations of the standinz wave type,

along the waters edge and extending well up the beach from S.W.L.
(2.10. Photogranh 3. 17,) occurred in wave tank Mark IT wher the waves

wvere small (deep water heisht less than about 0.25inches)
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and when their periodicity was in the range of 9,95 - maximum
possible (1.65 sec).

In annearance the oscillations ware standing waves with a half
wave length shift in the n»osition of the crests bstween each
succeeding gencerated wave. The motion of dust particles within
the oscillations was typically rcectilinear.

The occurrence cf transverse oscillations is common in wave
flumes and wave tanks, and they are assumed to hawve their oricin in

reflections off the side walls.

4,1.1. The wataer in a rectangular wave basin may oscillate in
directions at right anglas to cither nair of onnosite sides. The
problem for uniform depth has becn tackled by inter alia Rayvleigh
(1874) znd Lamb (19u45), The period of the oscillations will be a
natural one based on the dimensicns of the hasin and mav occur as a
number of modes. Antinodess 3arc szt up at the nositions where
the amplitudes of ths incident and raflected waves reinforce each
other and troughs where thav cencel or are onnosed. Since the
wave lengths of the incident and reflectad waves are the same, the
points of reinforcement and opposition are theoretically fixad in
space.

When the bhasin is subjected to an imoressed vibration it mav
respond by oscillating with one o7 its natural modes or be forcel *to
oscillate at the pariod of impressed force. When the neriod of
the forcing vibration is the same as one of the natural nodes (the

fundamental or a harmonic) the amplitude of thz vesulting osci

L.
[
=
i)
+
-
O
b |

is a maximum.

A wave tank such as was used ig an example of a system baing
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subjected to a forced oscillation. Such svstems occur in harbours
and hava been studied for vertical boundaries by a number of workers
notable McNown (1952), McNown and Danel (1852), Wilson (1953) and
Carr (1953).

In the svstem used in the experiments reported above the
generated waves constitute the forcing mechanism and the resulting
oscillations will occur with the periodicity of generated oscillations
or of their harmonics. Maximum oscillation will occur whan the
periodicity of the generator and the natural periodicityv of the tank

are the same.

Hel.2. In the wave tank experiments the denth was not uniform
but part of the tank sloped up to still water level, The valocity
of a transverse wave must therefore vary with the depth.

Waves which can be propagated without change under such
circumstances are called edge waves and their properties have been
outlined in the literature study above. Their velocity is given
bv Equation 1.10.

c2 = B4 sin n+ D i
2m
Where L is the wave length i is the angle of the siope to the
horizontal and n is an integer denoting the mode. Since CT =

whera T is the period and recalline Equation 1l.11.

¢ = K& Sin (2n + 1) 1
2

=3

and the wave length L is given bv FEquation 1.12

~T 2
L 2 S° sin (Pn+ 1) i



= B0 =

This last equation is interpretad to mean, that for a given
forcing period T and a given slopne i, there will be a number of
possible edge waves whosa wave lengths depend upen "n".

L
32

In the wave tank we may expect edge waves to be zenerated from

A

the onnosite sides of tho tank and to form standing waves. A
the shore the edge wave will cause a wave in thz plane of the
beach such that the watersedge will take on a wave fomm. The
combination of two edge waves of the same period travelling fronm
either side will set up a standing wavs 2long the waters adge.
The nodes will be separated by a half wave length.

It is clear from the nature of the standins wave most common-
ly observed that its components have a period twice that of the
main cenerated waves. Tt should therafore be possibls te calculate
the wave lengths.

As an examnle consider the case when the generatad wave period

was 1.3 secs. In the equation expressing the wave lencth

Q
+3
ny

Bin (2n + 1) 4

ol
=]

set T = 2.6 secs ¢ = 32.2 Ft/sgec? n = 0{(zero mode) i = 69

(e |

(slepae of beach in model Mark 11).

2 2
L - 2.2 % RyB Sin 6° = 3.65 ft,
2 x 7

+J
=
.
197]

compares with 3.76 measured in the tests.
The theoretical nodality (N) across 2 tank 20 ft. wide for a

wave of length 3.65 ft would he

N = 2.Xx20 = 10.9
3.65

comnared to 10 - 11 as measured.
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I Table 4.1 the calculated and observed nodalities for

various generated wave pericds and for two slopes have been scot cut.
TARLE 4.1
CALCULATED AND OBSERVED NCDALITY OR WAVE LENGTH
OF
STANDING WAVES
| . L T
Slope Incident Period of ;| Nodality in Nodality 1in
il wave per- | standing 20' calecu- 20' observ-| Wave
beach iod secs. | wave secs lated ed Tank

e S

L

60

GO
60

60

T

1. 72"

Calculated
wave longth
ft.

13 Mk
14

15

Observed
wava
lenath ft,

1. 85

3.13

_—
.
[4e)
[6%)

ES

In Fig. 4-3 the wave lengths calculatad
various neriods (of the

wave) have bsen pnlotted

one measurement conly

b ]

agasi

standin~ waves =

square

of the

2 x period of senspate

naeriod of the

generated wave and compared with the observed values listed in

Table 3.6.

-
Ll

agreomoent

is good

indicat

edge waves causing the standing waves.

iy

s that it was indend

from Equation l1.12 fer
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The conclusion here is that theory predicts the phenomenon
tolerably well if the periodicity is assumed to be twice that of
the forcing periodicityv. It must be roted that theory is based on
the assumption of small amplitude which would only be anplicable

in the initial stages.

Bslv3e It is difficult to explain whyv the period of the edge
waves was twice that of the generatad wave. Kravtchenko and

Santon (1954) have reported on what they call parasitic waves,
produced from a wave gsnerator and having twice the paricd of the

generator. Therz is littls doubt that the wave generator in these

experiments did not produce monochromatic waves. Possiblv, the
explanation lies in the way the adge waves are producaed. When the

ganerated wave breaks on the wavv waters edge it mav hzs that edge

!/

waves are produced more easily when the phase of ths standing wave

at the side boundary of the tank is such that a section of the

e

O

»

generated wave breaks outwards towards the side, rather than inwards.

4,2, Examination of the nhenomenon when T = 0.65 (approx.) and wava

h-’jig_h-t iS >lo 2"0

4.2.1. The marked corrugation of the surface in the region of thz

breaking wave and the scalloped nature of the breaker front under

these conditions calls for soms explanation. The corrugations have
the appearance of a standing wave. (Photogranhs 3.13 to 3.16)

Due perhaps to inaccuracies in the construction of the model
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the scalloped wave front was nct absolutely regular all the wayv

across the width of the tank, and therse was some difficulty in

counting the exact number of concavities. There appeared to be
about 20 in the 20 ft and this compares reasonably with the measured
width of each concavity of 12". Their nosition anpearasd to be

the same for each wave.

@]

be2.2. A study of nhotogranhs shows the nrescence of standing
waves just before the break noint and strongly sucggast that thev
are causaed bv the superpositien of edee waves. ’ A

the constituent edge wavas had a neriod equal teo that of the ganerat-

ct

ed wave, antinndes of ths standing wave spaced onz wave length apart
could coincide with a wave crest while the antinodes formed one
half wave length away after a half period (of time),would then
coincide with a trough of thz generatad wave. The next seot of
antinodes would occur with the next crest of the gensrated wave in
nositions the same as those for the preceeding crest. This then
could account for the constant nosition of tha cusps in the generatod
wave.’

However, with a wave pariod of 0.65 secs tha wave lensth for

zero mode ig:

D«E5%g T
L = Sin 6 = 0,716 feet (1)
2m
The measured wave lancth is about 1 foot. Consider the

second mode (when n = 2) the wavz length becomas:

g x 0,652
27

Sin 30° = 1.08 fecet (o, T}

which is more neayly in asrecement with observation,
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Bi2.3s It is thought that this condition is on2 of
According to Ursell's theorvy resonance would occur at
natural mode for the tank or at 2 cut-off mode, It &
bv the inviscid theory that the resonance would tend t

down the tank away from the heach but that in nractice
forces would confine the resonance to the vicinity of
In Photograph 3.13 it will be sean that the resonance
the surface of the whele of the slcping now
considerably at the foot of the slopa - marked by a da

n the concrete.

ot
e

(in the photogranh) which is a

| O
D
s

rn

Ficure 4-4a 1s an attennt te receonstruct ths kind

0

which might result from the twe trains of similar adge

-

propagatad in opnos rections. Thz traatment is

O

ng d

)

and the slope of the waves is somewhat arbitary.

Such a figure, it is suegested, might explain the

aspects of the photograrhs:

(2) Photograph 3.13: the three dimensinnal hump
water surface arc probably the antinodes,
would occur at ths intersccticns of the cdre
ridges. The figure indicates that any thre
antinodes would form the anices of an appro
triangla, The humps in the photogranh, Ao
this formation.

(b) Photocraph 3.1ba: the wavy. white ridee 3jus
centre could he represented by the dashed 1i
figure.

-

a

(c) Photograph 3.14b: the intersecting wave r

e

upner left hand quarter form a nattern of ap

parallelograms like those in the figure.
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After drawing Figure W-lUa, & re-examination was made of the
ciné film which was taken vertically downwards. It was viewed

frame - by frame - under a microscope and clear evidence of the

approximate parallclogram patterns fmentionad in paragraph (c)

above) was found. Phetogranh 4il is an enlarcement of one of the
frames. The presence of these patterns just behind the breaken
establishes the presence of edzec waves, It mav be seen from the

photograph that the ridge of the edge wave is not a single ridse

s

but a narcel of smaller onz=s.
It is certain therefcre that the generated wave just hafore
breaking had to pass over a transverse system of standing waves.

From the obscrvati~ns made in the wWave tank it was clear that

distortions of the wave front occurred. The wavelength of the
distortions is close to that <f an edge wave mode. The ccnclusion
is that the phenomenon is one of wave interaction.

The impertance of the wave height in this particular case
would probably be that it nositions the break noint so that it
coincides with cne of the lines ¢f standing waves. Since the
positions of the standing wave is a dependent of the edge wave shane
which is in turn dependent on the period, it seems that both the
wave height of the generated wave and the period of the edge waves
have tc¢ be of tﬁe correct value for this verv well tunad interaction

to occur.

4,3, Circulations with other than low wave amnlitude
4.3.1. The standing wave phenomenon recorded in Wave Tank Tests

M6 and M 8 ceased or wzs not apparent when the wave heights

exceeded about 0.5 inches and the period was other than about 0.65



Photograph 4.1. Enlargement of a frame from a cind film
taken almost verticz2lly of 1,.5" waves of 0,65 secs
propagated from the top of the photoeranh and breaking
near the bottom.

Notable fe~atures arc (2) the three dimensional standing
wave caused bv the superpcsition of 3 edge waves, 3
travelling from left to right and 3 from right to left.

(b) the near-parallelogram patterns and the scallonad
nature of tha wator teopogranhy over which the gencrated
wave must pass (Enlarcement made by Mr. P. Zoutendvk),
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seconds. It was succeeded by a regime with much more vigorous
rip current flow. Notable in this ccnnection is, the modes »f

oscillation (with small amplitude waves) during the experiments
with Wave Tank Mark I; which cceurred at a fixed point with the

arrival of every gencrated wave, and which were accompanied by

quite vigorous rip currents. See Fig. 3=13.
4.3.2. Examination of the spacing of these rin currents when

wave height and periocd were independently varied revealed the
following:

(a) with increasinc wave heicht there was tendency for

increase wase

o
e
AY!

o to increase but

=]

the mean spacin

not regular,
(b) with increasing pericd there was no definite tendency.
(¢) wunder any particuler set of circumstances the spacing

between rip currents along the beach was not necessarily

uniform though some times (see Photosraph 3.5a) they were.

4.3,3, Of interest are the small embrvo rins which were noticed

on many occasions and which are clearly shown in Photocranh 3.8.

4.3.4. Explanatien of thesc nhanomena is difficult and it is
doubtfiul whether the quality of the data which have an ingredient of
subjectivity justifies close 2nd detailed analysis. Tt is proposed
to examine only one case and te sece if the edse wave concent can

throw any light on it.
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§+3s 5 Consider the cell of circulation in Photogranh 3.8a.
It is bounded by two large rip currents which penetrate the surf.
Only the half-rips are marked Ly dye. Considering the outer
boundary of these half-rips, they are separated by 3.2 ft outside
the surf and 2.6 ft at their rocts (inside the surf). Between
the two roots are 4 small embryo rips (one not very clearly
definad). The nean separation of these small rins is about
0.u5 ft. It appears possiblz that the root of the main semi-rips
coincides with two more embryo rips, one on either side éf the four
noted above. Sece Photogranh 3.8b: Whaere the cenerated wave
encounters the main ripe the wave front is significantly retarded.
Now assume that under these conditions each generated wave
produces an edge wave by reflection from the sides. Using equation
1.12 and substituting the wave neriod 0.75 secc and the beach slope

(69), the followihg are the wave lengths of the possible modes:

Mode (n) Wavelength (ft)

0 0.305

1 0.89

2 1.4

3 1.92

4 2is 2%

5 2.62

6 28

7 ot ki

By combining the edge waves of zero mode and say the 7th mode
it is possible to construct a pattern made up of two standing waves.
This has been done schematically in Fig. 4-uib, The short wavelength
edge waves would produce peaks seperated by 0.3 ft and the long
edge waves peaks seperated by 2.87 ft, These compare with 0.45 ft

and 2.9 ft respectivelv as measured from Phoateorarnh 3.8(02). Thea
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azreement for the short edge wave pattern is not verv good,. hut

propagaticn along a turbulent surf would nroduce distortinns..

4e3.6 Qualitatively such a svstem would contribute to an
understanding of the following features chserved in the mndel
experiments and in the field.

(a) the "feeders" which contribute to the rips from

adjacent cells - each feeder origineting at a smzall

rip
(b) the presence of smzller cells within larcer ones
(c) the limited penetration of the smaller rips bhecause

edge wéves become of insicnificant amplitude at a
distance of a2 wavelength (of the edge waves) from the
waters edge

(d) the tendency sometimes for rins to start at cne peint

and subsequently flow sideways to Join an adjacent rin,

Lol Consideration of the evidence from the thres cases examined
suggeststhat, certainly in two cases a transverse oscillation was
present in the wave tank and that the mode »f motion was that of

stic osgcillat-

[

edge wavas. There was therc¢fore present = character
ion which could set the pattern for the falling awav from unstable
equilibrium in the manner of the Rayleich-Taylor instability. It

remains to consider possible machanisms.
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Bl Mechanisms

In general the intearaction between waves travelling in differen:
directions is emall, Because of this it has been possible to gain
such a gond understandint of wave phenomena in the sea with quite
simple mathematical models. There is however some slight second
order interaction which Phillins (1960) has nredicted and Longuet-~
Higgins and Smith (1966) have confirmed experimentallys It seems
likely however that if the interactions were to occur in the
region of incipient breaking where mass transports are relatively

-

great the interaction could be appreciablzs and significant.

5.1, Consider first the case wherc small amnlitude generated
waves were associated with very large amnlitude oscillations 3long
the waters cdge. If these ara edge waves travelling transversely
in either direction, they will form a standineg wave, The standing
wave will cause or impart a wave shape tc the waters line, the
water level being higher up the heach a2t the crests (viewed from
the "sea") and below still water level .at the trouchs. This is
illustrated in Fig. 4-5 stage la, A generated wave imnnsad on

this will, if it is of small amplitude, break close to the still

water line. The position of breaking will varv along the wave
according to the depth of tha water c¢ncountered. reaking will

nccur first into the trough {(viewed from the "sea") of the staniing
wave., In other adjacent nortions of the generated wave crest,
brezking will be delaved. In this wav the water is focussed by

converacent mass transport (St

m

¢ Ib of Figs 4-5) and surases un
the slone. The back wash (Staze IT Fige. 4-5) flows down the
slope to meet the succeeding sencrated wave which has now broken

on the standing wave crest - & system of diversing mass transport.
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The effect of the back wash is to flatten the standing wave crest;
Back wash water originally from a brezker crest length BC returns
over a reduced front RB'C' becausc it has baen subject to convergence.
It has more momentum than the oncoming incident wave and some of it
penetrates seaward of the surf zonc as a weak rip current.

In the case where the standing wave has a neriod equal to that
of the genherated wave (Fig. 3-13), there is a contribution to the
rip current everv wave instead of everv odd wave, and as a

consequence the rip current is stronger.

5.24 Another example is that where the wavas were large
(1.2" - 1.5") and the period about N.65 sccs. "Tere the waves

broke at an aporeciable distance awav from the waters edge. (See
Photograph 3.13 to 3.,15).

As recordad for the wave tank experiment the effect on the

breaker is twofold. At breaking the wave front is sca2llopnad in
the horizontal plane (Photograph 3.15) and corrugated along the
crest in the vertical plzne. (Photograph3.16), A possibla
explanaticn of effects observed is as follows. When the gencrated

wave has to pass over a transvers

w

standing wave, portions of the

wave frent will be super-azlavated over the antinodes and adijacent

porticns over the nodes will be lowered. The crest of the wave
will be corrugated. If the standing wave is situated at such

a position down the slcpe that it is in a dapth corresponding to

the point of incipisnt breaking of the wave, the norticns of the
crest over thzs nodes will break first. In doing so they will
impart a scalloped appearance to the wave front.

Differential breaking time will lead to a convercence of mass

transport (as in the pravious casz) and spatial variations of head
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at the shore will result. Qutgoing currents will be strongest
opposite ths points of greater head. The outsoing currents will

causa increased refractian »f the incident wave front and increased
convergence of mass transport. The cenditions for cellular

circulations are then established.

5.3 In both the cases considared wave interaction resulted
in differenczs in water depth in the region of breaking. This

o

¥

resulted in differential times of breaking along t

> breaker front,
and as 2 consequence there was convergence of mass transoort and

spatial differences in hvdrostatic head along the surf.

5.4, A corollary to the absve conclusion,if it is correct,
is that the mode of =dge waves which causes standine waves in the
region in which the processas of wave daformaticn and breaking
occur °, is the on:2 which will most influence th= system. It will
be recalled that the =adc: wave amplitude ig greatest at the shorc
and falls off exponentially with distance offchove, and is
insignificant at about one wavelength (cf edge w=ves). If the
generated waves are hich enough and the surf therefore wida cnough
the short wave length =dge waves may not ha effoctiva in the 2zone
of breaking. For this reason it may be expactaed that thare will
be a tendency for the spmacing of dominant rip currents to increase
with increasineg wave height (if the puried is constant). Because
edge wave wavelengths are not harmenicallv related, and becausz of
the possible interaction of differont adge wave modes it is not
likely that the tendency will be regular. Thase factors mav bhe a

reason for the irregularities enccuntered in the experimental work.



545, There is another aspect which could conceivably
influence which edge wave mode dominates. Consider two similar
edge waves approaching each other. They will mzet first at their
seaward end. At their intersecticn there will be an antincdn

and the sea level will be raised. As thic 2dge waves prograss

the locus of the peint of intersection will be a straight line
perpendicular to the shore. If the velocity with which ths

point of intersection moves along the locus coincides with the
velocity of the generated wave, the influence of the ~dge wave

mode should be at its greatest. There may also be an additional
effect due to the differentizl velocities of the generated wave

over the different water denths of node and antinnde. In consider-
ing the application of the system of wave intcraction to the field,

it is of interest that for an 8 s=cond forcing period cn a 6°

&

slope, the second mode adge wave would have a wavelength of 16

compared with the mean obsaerved value of 127 ft. Howewar, ti

2
&
bje]
5

there is 2 report bv Munk et al., (1956) of edge waves (from storme)
in deep water over the coentinental shalf there is no eviiance of
edge waves occurring near the surf, On the other hand it is not

known that they have ever been sought.

There are several possibla sources of waves travelling parallel
to the shore. Reflactions from headlands and from the heads of
rip currents have bheen chserved, Wind waves ton have been

obsarved to influence the breaking of waves and to cause a nattern
rather similar to that in Photograph 3.16. It cannot however be
stated that there is at presant any justification cther than

analogv for using the wave interacticn concept to explain cellular

circulatisns in the field.
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5¢7 Though it mav be possible to establish that the wave
interaction mechanism applizs in the field, it would be necessary
to dez2l with the additional factor of the meoveable sand bhottom.
The model experiments with 2 sand bas2 showed that the pattern of
the circulation becomes imprinted in the bottom topographv. Sand
promontories built Out at the rips, just outside the surf and at
the waters =dge. Scouring has been reported by several workers
€+7« Shepard Emerv et zl. (19%1l), Bruun (1963) has reported lowering
of the submerged sand bars at rips. It is supposcd that where the
topography has been tailored to the circulation,it will tend to
resist changes in the circulation which would be occasioned by
changed wave conditions.

Of fshors topogranhy tos might well have an over-riding

influence.

5.8, The formation of regularly spaced beach cusps in the sand
of the intertidal zone has long bezn a matter of study. The form-
ation of such cusps in association with the small rips 9" apart

in the wave tank experiments with a moveable sand base is therefore
of interest. The wave period was 0.75 sec. It is quite likely
that they were caused by the first mode of edge waves of neriod

0.75 secs.

6, Continuity and the spacing of rip currents

When a wave front is distorted by an oscillating disturbance
with a number of modes, the dominant mode will be that which grows

most rapidly in amplitude. In the case of nearshore cells it is
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supposed that in addition tc the factors already menticned tha
growth ratz will he greatest whare the rin currents nanetrate
furthest, because tha desper the nen2tration the groater will be
the retardation or vrefracticn of the generatzd wave front.

For the dominant rins the hydrnstatic head at thz chore must

¢ encugh for the hcrizontal orbital velocity of the cnceming

be lar

He]

wave to be =xceedad. In additicn continuity must be satisfiad.
The rin current 1is fed by the longshors current which in turn

is supplied by the alengshore componant of breskars. This supnly

depends on wave haight and neriod and the angle ~f 2bliguity of
approach. The deminant rips must he spaced sufficiently widelvw

that the essential supnlv of water can

L)

seems to be no reason why the spacinz should not be graater than

that prescribed by the conditions 2f continuitv,
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cesumcd that the continuitv is gatisfied by inflow where the wave
front 1s rafracted.

Once having formad, the cell systom in equilibrium would have
the following mechanism. Considering first the rip, the out-

flowing water spreads out outside the surf. Denmending on the

]

velocity nrofile, the oneoming wav: is rafracted - dzcreasingly
with distance awz2y from the rin axis - in a manner indicated bw
Arthur (1959). This would cause wave distorticn ir addition *to
that caused bv a transvarse coscillati~n,.
Porticons of the wave front now approach the shere obliquely.
At breaking a2 component is directed alonwsshere and forms a current.

At the rin base the current is opposed bv an equal and opnosite nne

'e

from the next cell and sets un a head which directs water affshore.,

It is not clear what determines the rip width



With increcase of wave heisht the wave veloecitv, orbital
velocity, and depth at Breaking all increase.Wave tank oxneriments

shew that both the rin current velocity and the longshore velocity

alse increase. Fig., 3-11(2, b, & c). A larcer hydrnstatic head
will be required for the rin curi ent. It appears that this will
be met

(a) bv the increasad inflow with each breaker (norportional

to the wave height saquares)

(b) a consequent increasz in the longshore current - offset
somewhat by the wider surf (pronortinnal to the wave
heipght)

(c) an increase in the length of breaker anproaching
obliquely - & consequence of the increasad rip velocity
and increased spread narcallel to the ghora of the
cffshore component of velocity. This will be offsat
bv the increasad wave velocity which reducas the time
during which refracticn ef the wave around the rip
can occur.,

In spite of the comrlexity of the system it is of interest to
assay a2t least a partial analysis for a narticular case. Anpaal
will be made to the wave tank axperimants on three points, the rin
width, the zangle of wavs obliquity, and the miximum head required
for the rip current.

It will be assumed that the circulation is in a state of

equilibrium and that the solitary wave theorv as gutlined bv Munk

(1949a) is applicable. An apprcxinata exnression for the mean rin
current velocity and discharge will be darived. The langth of

breaker crest neaded to sunply the water for the rip discharge

will then be calculated.
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6.1, Calculation of rip current veslocity
As a starting point in the calculation use is made of a “=ding
from the model experiments which strongly suggests that the - 1z flow

of the rip is just halted by the arrival of the elevated port.on
of the solitarv wave, This impli2s that there is an offshore
slope of the sea surface just sufficient to produce an nffshore
flow which will just equal the mean horizontal orbital velocity

cf the particles under the wave crest of the oncoming wave ijust

prior to breaking (or perhans the mean horizontal orbital velocity
under the elevated portion of the wave).

Horizontal orbital velocities under the crest near breaking
have been calculated by Munk (1949z) and inspection »f the granh

(reoroduced in Fig. 1-3) shows that the mean valus from wave crast

(@]

to the bottom is close to 0.u45 C where ig the velccity of the
solitary wave. This velocity will bhe diminished hv the unifrrm
return flow. Consequant uncn sat-up generallv at the sheore Munk
has shown this to be equal tc¢ the mcan horizontal disnlacement(D)

divided by the effective period (T) i.e. D/T. Let the nct mea

horizontal velocity under tha wave crest bhe Vg then
v = Q.45 C - D/T (4.3)

As shown by Dmitriev and Bonchkovakaia (1954) (Equation 1.19)

the gradient b directed offshore which will nroduce a velocity of
VC 1s

vy
Ve

Cf2R

o

(4,4)

R is the ratio of the area of cross-section to the wetted nerimeter



and in the
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Substituting R

Whan the wave is expendad the “1“ current will again be;

flow under
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case of a rip will be =squal to
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and the mean rip current velocity over the neriod

V, = gbT/2 (4.8h)

6.2, Continuity principle applied to rip-longshore current system

The mean longshore current rate of flow per unit time is given
by Inman and Bagnold (1963) - sce fuller refarence in Chanter V on

the alongshore svstem - as

Q = 0 Lg Sin a Cos o/T (4.9)

where N is the quantitv of water contributaed by unit length of
wave crest (See equation 1.3), L, is the length of wave crest,
a is the mean angle the wava crest makes with tha shore, Witheout
significant error cos a may be neglected when o is small and L,
becomes the corresponding length of shore line.

The quantity Qp must be equal to the rate of flow of the semi-
rip current (Q,) across a cross section near the brezak point of the

wavas.

Op = Vp X w X dy (4.10)

whence w is the semi-width of the rin current and dy, the depth at
breaking.
Equating 0, and Qp, , substituting in terms cf equations 4.9,

4.8b and 4.10 and rearranging makes

. ‘ ) (4,11)
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where b = 0.24 vc Vz/(gdb) from Equaticn 4.6

§; = 0O.45 ¢ - D/T from Eguation 4.3

D 2 Q/db from Equation 1.5

Q = udtf(y/3)% fron Equation 1.3

C = fédb(l +Y)]-% from Equation
6.3. L, is then the minimum length of crest having the height
and obliquity necessary to supply the rip current. It seems that

it may represent the minimum semi-spacing of rin curr=ants, The
spacing may be larger than L. During the model tests when rip
spacingg were large the incident wave crest while being markedly
curved cdlose to the rin was evidently straight over a2 region midway
between the rips:

Ik woﬁld be desirable to 2xpra2ss thes semi-rip width (w) and a
in terms of the wava characteristics. This would s==m to b2
possible at least for a by emnloving the approach adontad by Arthur
(1950), to computc refraction in a rin current. But certain
assumptions would have to be mada about the velocitv distribution.
Since w and ® can be got from photographs in the modal it was decided

to substitut= model data in the equation predictine Lo

.4, The following data from a test in Wave Tank Mark I.

(S2e Photograph 3.8z)was substituted in Equation 4,11.

db = 0,073 feet calculated from surf width and beach

slope (Ses Fig, 3-11) for H = 0,5"

3
i

0.75 secs

- 0 =
@ = 8" a mean value from photographs

=
N

0.33 ft from nhotooranh.
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The calculated value for L_ = 1l.64 ft.
Tt was noted in the wave tank tests that although the long-
shore current drew watzer from the midpoint betwesen tha rips to

the rips, a distance of about 1.5 ft, thec distance from the rio

to the position where the wave obliquity became insignificant was

less - not more than 1 ft:  The predicted value for L, is therefore
nearly twice the observed value. It is not thought that either

the approximates in the theory or tha experimental data could be out

ct

by so large a factor. It mav be that the arror lies in the

assumption that the valus of k obtained for longshore currant flow
applies to athwart-surf flow, In any case the fact that longshore
movement is along the whole of the semi-rip spacing suggeste some

additional mechanism. Possibly it is associated with the fact that

where there is no wave obliquity there should bz a gresater szt-uo

than where there is. On this account there might be a gradient
from between rins to rip base. Additionallyv or alternativelwv the

water in the region of no obliquity is set in motion alongshors by

entrainment by the water that is movad alongshorae by wave obliquitv.

6s Bis Unfortunatelv thare is no comprechansive field date to
substitute in Equation 4.11, However for interest the following

data for the inner breaker zon~ has been substituted
dy, = 2 ft - corresponding to a typical wave height
T = 8 sac - a typical pariod
a = 8% assumad comparable with that found in ths model
vy = 0,78

]

5 £t from fi=1ld data.
The calculated value of L, is 25 ft compared with a mcan semi-rip

gl

spacing of 63.5 ft for cclls in the innar breakar zon-.
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7¢ Transition from cellular to alongshore

The mechanism for the cellular circulation suggested by the
model studies leads to a possible unifving theory for all three
types, the symmetrical.- asymmatrical - cellular tyoes and the
alongshore system,

As has been stated above,with the normal wave approach the

concavity of the wave front (viewed from the shore) causes longshore

=

currents in opposing directiomscach flowing towards the same rip.
In the model, under uniform conditions the currents in each direct-
ion acted over about equal distances. When, however, the incident
wave approach is slightlyv obliquz some of the obligquitv just down
wave of the rip is opposed bv the wave obliquity due to retardation
and the latter's influence on the circulation is diriniched. While
in the next half cell down wave the obliquitiss are compounded and
th2 down wave influence increased. The cell is now asvmmetrical
with only a short up-wave longshcre current. Ses
If now the incident wave obliquityv is further increased there
comas a point when the wave obliquity reduces to nil the up-wave
longshore current. Longshore currents mav now.flowr dovwr wave. past. the
base of the rip. In the extrems case there are no rips except at beach

and coastal discontinuitizs or after long distances of uninterrunted

longshore travel. In nature distances un to at least a mile have
been mezasured. At coastal discontinuities where the angle of
wave obliquity may be reducad, conditions favourahle for rin

currents may obtain,

The circulations therzfore fall into two distinct classas.
Those where cell is a feature and at lcast some =2lamant of longshore
current in each direction is =vident, and those where the cellular

pattern is suppressad and the longshore current under oblique wave

action dominates,
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84 Exchange of Surf Zone Watar

The exchange of the water in the surf zone is a matter of
some interest for it controls, for example the return to the shore
of effluents released offshore. It is proposed to examine this
process in the light of the experimental data outlined above.

Under the test conditions the volume of water in the surf zone
cf a cell of circulation was ordinarily of the order of 108 cu.ft.
The experiment to determine tha exchange rate showed that of the order
of 1 hour was required for this water to be replaced bv water anter-
ing from outside the surf under mass transnort. This nrocess has
been shown to be largely one cof displacement. Th= outgoing water
is transported in rip currents which hava a net volume flow of the
order of 103 cusecs. Once outside the surf zones the rip current
spreads laterally and in dus course much of the rin current water
recycles into the surf zone. Only a small portion of the breaker
frontage is transporting in water which has not been diractly
recvclead. This provortion is nerhaps 1/5 to 2/5 under condition
of symmetrical circulation. Assuming that this frontage is
pronartional to the net volume of water entering through it, it
is possible to conceive the buildup of the concentration in the surf
of a waste discharged offshorc in the following simplified terms.

Let A be the width of a cell, i.e. the frontage of which watenr

"o,

entars. Let "r" be the frontage through which the recveled water

enters and

e

the frontag= over which effluent or deep sea water

enters.,
A = 42 + 2 (‘4.12)

Suppose r and e are proportional to the quantity of water entering

in their respective frontagss. Let C, be the concentration of
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effluent just outside ths surf zone. Suppos2 tha affluent and
recycled water entering the surf zone mix completely in the long-
shore current to give concentraticn C and after the first cycle

C, and the second C, and so on. Assum= also that in that nart of

the cycle outsids the surf zone the mixture undergoss no dilution.

I+ can be shown that the ccncentration after "n" cycles is in
the form of a progressicn
C n
C, = 1B S ke B (5.8
1 A T L An/
Figure 4-7 shows the way in which the relative concantration
C/Cy increases with each cycle. Curvaes for three values of 2/
have been drawn. The shape of the curve betwean the valuss of

the concentration after each cyecle should be 2 steppad ona. There

is no field data to indicate what it is in the »rototype because »f

the difficulty of sustalning & sufficient supply of high concentrat-
ion outside the surf for thas long period required. Recourse has

thereforz been made to the rasults of the medel experiments (Fig.
3-12) which indicated that the steps should be roundsd. Since
however the dyvnamic similitudc between modzl and prototype has not
been established, this source of information must be treated as
qualitative conly. It does ssem however thet the build uvp of
ceoncentration is stapwisz.

Taking a verv conservative standomeint it may b= notad that
when the recycled water represants half of the total quantity »f

water entering a cell i.e. lareger than th: maximum observed, at

least 1% cycles are raquired for the ceoncantration to reach 80%

nf the effluent concentration cutside the surf. In nature thie
would represent at least tw:c hours. For the same concentration to

be built-up in the inner breaker, an additional hour should be added,
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making a tctal of 3 hours from the time ths effluent entered the

This figure is of some practical interest in the coast region

south of Durban where so far as prasent knowledge goes the duration

of the shoreward currents i.e. those which would be required to
bring an effluent intoc the sphere of influence of the nearshore
circulation, have an average dur~tion of about 2 hours, The
conclusion therefore is that in the region in question the pro-
bability of an effluent building un at the shore, by cellular
circulation, to an equilibrium concentration, is rather unlikely.

It may reasonably be sunrosed that the symmetrical circulation
represents the condition of greatest exchange. As the circulation
tends to the alongshore system exchange diminishes until in the
limiting case exchanges mav onlv be expected at headlands or
shore-line discontinuities.

It is of interest to calculatc what percentage of the water
which potentially could be transported in by the breakers, is in
fact exchanged.

The solitary wave theory gives the velumz asscciated with

unit length of each wave in Equation 1.3(b)

O
|
=
[
i
N

The rate of inflow over nerind T = /T,

Taking wave characteristics commonly encountered at Virginia,
H= 5ft T =8 sec, assuming y = 0.78 and considering a cell of
width 1800 ft (about the mean value measured), the notential mean

inflow is

= L x §52 1809
Q)T = - cusecs

8 /3 x ,783




5 X156 =

= approximately 1.5 x 10% cusecs.
The magnitude of the actual rate of water exchange during
the tests ar Virginia was 700-1800 cusecs, (See Table 3.2)
which represent u4.5-12% of the potential inflow, This compares
with a value of 2-10% calculated by Imman and Bagnold (1963).
It is evidently quite a small proportion which circulates,
confirming the view that inward transport is almost balanced by

the uniform sea return.



CHAPTER V

THE ALONGSHORE SYSTEM




e Introduction

The Alongshore Systzm 1s sssentially a unidirectional current

g neglisible tendencv fer water

o

flowing along the shore, there bein
to flow offshore except at ccastal discontinuities, such as head
lands. On the test beachas which had submerged sand bars the
current's velocity was greataest in the outer breaker zone where the
waves brocke on the sand bar, and in the inner breaker zonc. In
the between-breaker zone the water often moved in sympathy but at

a much lower velocitv.i

It secems that the conditions suitable for this tvpe of system

are oblique wave approach and the absence of any hasic swell which
would be refracted so as to anproach the shore at small angles of
obliquity. On the Natal Beaches examined suchk conditicns occur
rather rarely, (about 10% of the time) probably because the basic
swell is so seldom absent.

The longshore current takas the form of a "river of water"
flowing decwn wave - with apoarently nagligible exchange offshore
for long distances. On the tcst beaches the current of the inner
breaker zone was seldom more than 100 feet wide, extending ocut to
just beyond the breakers in the inner-breaker zone,

Such a svstem which 1s without appreciable influence bv rin
currents and which is within e=2sy reach of the shore, provides an
opportunity for the study »f quantitative asnects of the svstem.
In the experimental work described below the main obiect was to
find out the rates of flow or dischapges of tha current, and to
compare them with those »radicted bv theory. As a nreliminarv

it wacs necessarv to develop a method for measuring discharces
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and to determine wav> height spzctra so that the theory could be

appliad. The preliminarv work is described in Section IT and the

main study in Section ITI.

2. The Literzturec

Because the alongshore system can b a potent one for moving
sediments parallcl to ths shore, it has been the subijzct of study
bv 2 numbar of workers. Their objective has usuallv bean to
elucidatc the velocity of the curraent sincs this is an important
factor in sediment transport.

Theories of longshcerae transport of water have mostly been
based on the assumption that . the incident wavas are of the solitary
form and approach with an appreciable angle to the shore.

Longshorc current mechanisms have been postulated using thrae
differant approachas, based respuctivelv on considerations of
conserviation of a2nergy, momentum and continuity.

Putman, Munk and Traylor (1849) dorived thzoretical expressions
for the velocity of thz longshore currunt, in terms cf wave height,
period and angl:, and beach slope, based on the enerav and momentum

predicted by the solitary wave thaory.

™
—

Enarey Approach

The first theorctical approach of Putman ot al. is as follows:
Let a wave approach the brecaker zone =t angle o,"Consider a
volume of water ABCDE (see Fig. 5-2) axtending botwaan the shora

1S

and the breaking wava, from ton to bottom. Dvar a width of beach
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dx the total wave energv entering the volume ABCDE equals C E

Cos a dx where C is the velocity (almost aqual to the group
velocity) for breaking waves, £ 1s the mean energy per unit
surface area of the breaking waves. Cf the energy that advances
parallel to the shore[}CE cos ¢ dx) Sin at], a small fraction S is

responsiblas for setting up longshore currents. The greater part

of the wave energv entering this volume is destrovad in breaking
and turning into heat, or is responsible for piling up water
against the shore and setting up rip currents". "Enersv is
dissipated in a frictional layar along the bottom., Tha frictional
force per unit width of baach equals”

k p-V2 o' dx Eheid
and the rate at which enersy is dissipated in the volume ABCDE
oquals

k o V3 2! dx {(6,2)

ness of the bottom, V = is the valocity of longshore current, ¢ is

the density of scawater and %' is the distance along the bottom

from shore to breaker line. With good approximation &' = & (sea
Fig. 5-1). If m denotes the average beach slone, and 4 the depth

at which the waves breek, then

m = (5.3)

"Assuming a steady state, all the energv availabl~ for longshore
currents entering volume ABCDE due to wave action must bz equal to

the loss of energy duc to friction". Hence,

S CECos ¢ Sina dx = k p V3 dx d/m (5.4a)



From the sclitarv wave theorv Munk (12u49a)

c = JHAEFA =1L (5.4b)
T
E = E pgd? Y /;/3
3 L

where H is the wave height, d the water depthy, T is the pericd,
H

d
Substituting for these in Fquation 5.4%a2 and rearrangincg

1%

g the acceleration of gravity, y = , and L = wave length.

v = ¥ [(mﬂz/T) gin 2 a (5.5)

whersa

k3 = 0.871 g (S/X) (5.6)

262 Momentum Approach

The other approach adonted by Putman et al. is based on the
consideration of momentum. "With the breaking of everv wave a
certain mass of water is thrown into motion in the direction of
wave propagation. The longshore component of this motion provides
the driving force for ths longshore current. Consider again the

volume ABCDE (see Fio, 5-1). Let 9 represent thz cross-sactional

4]

!

area of a breaking wave crest moving with velocity C, L the length

of the breaking wave, a the angls formad by the brazaking crast with
the shorzline and p, the density of water. Then p ) C/L is the
averacc momentum per unit area and C (p QC/L) Cos a dx is the mean
flux of momentum into ABCDE, The component of momentum flux

parallal to the shore =quals”

n
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C 8ina (p § OFL) Cos o O (5.7

"The broken water is quickly slowad down by the turbulent friction
to the mean velocity V ¢f tha longshore current and eventuallw
expelled from the surf zons giving rise to momentum flux outward

Of"
V (p 0 C/L) Cos a dx (5.8)

The difference between the momentum flux in FEquatiosns 5.7 and

)

5.8 ig th

n

: net momentum flux applied by the breaker to the surf

zone water mass and equals

(C Sina - V) (p Q C/L) Cos o dx (5593

This force must bz balanced bv a frictional forc: as in

Equation 5.1, Equations 5.1, 5.3, 5.,4b and 5.9 give

V2 = a3 (C Sin g - V) (5303
where

a = nQCos alkd (5.11)

From Equation 1.7 and bhecaus:
d = 1.28 H (Munk 1949a) (S5:%2md

C can be replaced by C = (2.28 gH)2 (5.12b)

Substituting for Q from Equatisn 5.11 leads to
a = (2.61 mH Cos 4)/kT {5,180
where according to 5.10
k = (2.61 m H Cos @) (C Sin q - V)/TV2 (5.14)

Both approaches assuma that a steady state exists and that the



region under consideration is far enough from obstructions for a
full strength current to be generatad.

Field observations were made at Oceanside Beach, California.
Longshore currents were measured by timing the travel of a current-
cross cver a known distance, or photographing the movement of
flucrescein dye, from a low flying airshin. Observations ware
alsc made in a wave basin (58 ft long and 39 ft wide) where the

velocity of travel of dye in the lecngshore current was measured.

Comnarisgons of the ficld and model m=zasurements with the predictions

0of the theorv was madec. For the energy,anproach observead velocities
- -3

were plottcd against [ﬁm H2/T) Sin 2 a.J (sea Equation 5.5)

since a value for K (i.e. k and S8) was not known. Average values

of the friction parameter were determined by substitution of the
observed data in Equation 5.14 for the various tvoee of bheach
surface investigated.

"Except for the rouchaest beach it was possible to draw a
straight line through each s2t of data the slopes of which is thz
pronortionably constant K", cf Equation 5.5. The following tabla

gives the valuas obtained for k, K and s.

=

TABLE 5.1

Values of Parameters for Field and Laboratcory Data

(After Putnam 2t al. 1949)

Bzach k K s
Field 0.0078 8.2 0.15
Lab. 1 00,0397 el 2 ND.19
Lab. 2 0.0070 102 833
Lab. 3 0.385 i
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It is pointed out by the authors that the five-fcld differenca
in k between the field and Labk. 1 measurements mav be due to the
fact that the former had bars wharcas the latter was 2 nlane beach.

However, "k depends upon Hvdraulic rouchness of the beach
rather than absolute roughness" and in the axperiments with Lab. 1
beach the current velocities werz ralativelv small (so the viscous
forces were relatively large). It was sugoested that the"scatter
of the data resulted primarily from thz difficulty in measuring
the breaker angle a, hoth in tha loborateorv and in the field".

It is clear that in the application of an energy-or momentum-
based theorv the seclection 5f 2 valuz for this frictional coafficiax
k is of great importance. Ralevant to the problem is the field

beach

current velocitv were made at 15 stations along the The
results showed that longshors current velocitv was very variabls -
the standard ddviation being esqual to or greater than the nean
velocity. The friction coefficients calculated from the data

by the momentum method revealed considerable variatinn. The
authors showed however that if k is permitted to vary with the
velocity,useful predictions ars possible. The variation with
velocity is given by k = 0.020 V-1.51 for field data and k =
0.029-1+5%  for model studies i.c. the friction cosfficient
decraasas with incrsasing velocity. Since the date was obtained
over a wide variety of bottom material it szems as Bruun (1863)
remarks, that the "hydrodynauic elements in k may hava a predominant
influence on k".

Inman and Quinn substituted the valu= k = 0.024 v-3/2 ip

Equation 5.1@ obtaining



where x = 108.3 Cog afT

v = C Sin g

Bruun (1963) rafers
and Gerritsen (1960) for

comparable in the range 2-4 ft/sec tc those found bv

Quinn (%), which are listed in Table 5.2. (Nota :

where g is the acceleration of gravitv).

TABLE 5.2

Friction Coefficizsnt k or CF
(After Bruun 1963)

cf =

(65:+15§)

to coefficient (Cf) measurad by Bruun

tidal inlets and says that thay are

Inman and

0.3

k 0.020 0.00725

Cf. ft Z/sec. 40 112

2
Cf. m?/sac. 22 39 50 62

For troughs hchind hars

the feollowing "experienca" formulaz for the velocity

sS&C.

Cf = 30 + 5 lom A

cross section of the troush in metres

(5.16=)

squarad and
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CF = 45 + 1log A (5.16%)

b
where A is in ft and Cf in ft2?/sec.
Values »f k for V above 5 ft/scc are verv small comnared

with Cf for normal water courses.

2.3 Continuitv of Volume Approach

A third approach to the quantitative prediction of longshora

currents was suggested by Inman and Bagnold (1963). It is bhased
on the concept of volume continuity. Let the vclune of wataer

brought in bv ths breaker per unit langth bhe given by O for =z
wave period of T. If the angls of wave approach is5 a, then the

comnonent parallsl to the shore is Q Sin o« Cos a par unit length

of beach and it will increase with distance slong tho beach.

Assume the distance hetween rip currasnts is L_ then the

D

discharge at this distance downstream will be

(1)

Q = QLg Sin a Cos o/T (5.178a)

<

since the water is brcucht in ovaer one period i.oc, T, and in viaw of

the solitary wave thecrv, (sae Equation 1.3b)

Q = 4H2 or ud2 ¥¥/3 (5.27h)

Ol ot

/3y

where H is the wave height and 4 tha denth.

The average discharge will be at g, This discharge will
be sprecad across the cross section (A). Henec= the mean longshore

veloecity V becomes

v}
=t
o

Vv = Ty O

& n o Cos a/(2 AT) €5..183
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Bruun (1963) develonad this continuity apnroach for the case
of a beach with an offshore submerged sand bar. He takes the
depth (dbn) at breaking to be squal to the breaker heisht (Hy))
and assumes that breakers of height H; (§) determine the denth
over the bar crest (where Hy (%) is the wave height whose height
is surpassed by one third of all waves). He assumes that the
depth over the bar crest (Dcr) is 0.8 Hy(3) .

Assuming 10% for reflection ths depth
dbp = 1l.12 Der HbD/Hb(%)

where p is the probahility of the waves being equilled or exceeded
in height at breaking.

Using data from a studyv ¢f Longuet-Higgine (1952) which pradicts
wave spectra in deen water, and annlving Equation 5.17b, Bruun
derivas an expression for the water brought in over the bar (0Op)

as fcllows

G = S92 2B o i (5.19)
1.416
h X = HbD -y, . X 2 2 2
where T e ADd &€ F = (W 4 B 4 ... Hy ) (5.20)
— N 1 2
a
if N waves brezk over the bar. By integration
0, = 0.587 Der? (5,713

Bruun then develops a method for predictineg the longshore
current velocitv for otlique wave approach. He considers the wava
when the shore-most end has just broken. At the noint of brsaking
the sea level must rise. Further down stresm thz wave has not vet
brokan. Hence there will be a gradient. e then usas Chezv's

formula to calculate the longshore velocity.
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Referring to Fig. 5-3 where Ly, is the wave lencth and T is

the wave period, the inflow of water in T seconds over L, Sin ay

length of shore, is 0Op Ly Cos ap. A unit length of shore raccives
an amount of water equal to Qy Cos ab/T Dar second. Where the

wave breaks the sea level will theoretically rise by an amount
Q, Sin a3, Cos uh/a L, wherzs a is the Aistance from bar to shorelina.
At onz unit length down stream the level will be unchanged. The

slope of the sea water will therefore he

I = 0O, Cos &6, S5In 6

), Cos @, pita L) (5.22)

-

Using Chezy's formula the maan veleccitv of the longshore current

will ke
V = CfVR I (5.2u)

where R ie the hydraulic radius of the trough and I is the slope
It ia assumed

(i) that the waters flow out azain uniformly across the b2

P

(ii) that Chezy's formula is valid for the lonsshere wave
current.,

Bruun calculatad the mecan lonrshore velocities from field data

for twn wave neriods (8 and 10 secs) and twe values of CFf (35 2nd
1
45 m2/soc).

Otd

7

{

ar relevant field data in tha problem were, the trough cross
0

sactional area = 1030 m , breeker angle 25° and H (3 /3) = 5.5 ms
Comnarison was made with the velcocitics obtained whon ths momentum
approach »f Putman et al.was used (saz Talle 5.3). It was noted by

Bruun that the latter gdve vary hich readinazs, not confirmed by

experiance. It wdEs suggestzd that the nomentun method may not he
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suitable for anplication in the case of bar anl trouch, bacausa
some of the momentum is taken un hv tha wavaes which regeneratsa

after breaking.

L

CALCULATED LONGSHORE CURRENT VELQOCITIES BASED

ON FLOW OF WATER UNDER AN ANGLE WITH THE

SHORELINE (COLUMNS 5 AND 6) COMPARED WITH THOSE

PREDICTED BY MOMENTUM APPROACH OF PUTMAN ET AL,
(COLUMN 73

1 2 3 4 5 el - 7
) Ly T sec: Hyr1 V m/snc. V m/s=ac. Vv m/eec
s} -4(3)

g 1
deg metraed average| metres| Cf=35 m2/sec| CFf=U5 m2/sgac

P I S e athsitde.

25 55 8 Sib 1.20 1.55% 28
25 72 10 945 da12 1.45 T8
!
(After Bruun 1963)
2.4, Brebner ani Kamphuis (1963) also carried sut modal

experiments to maasure the longshor:z current velocitv with chanzing
deep wave height,pericd and obliquity. The wvelocitv nrofile for
a 1,20 sloping beach ig shown in Figure 5-4. After an initial
increase with distance down stream, the velocitv tends to a constant
value.,

The authors deduced an empirical relationship between velncity
(V;) and deep water wave characteristics. (Haight Ho, period T

angle of wave approach a, heach slopz 6)

3 2/3

D H . -

VL = 8 Sin® o s (éln (1.85 . ) + 0,1 Sin (3.30 o }
TS O (@]

-




distance down current in a wave tank.
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and .o, are respectivelv the deep water wave

height;

wave length,and obliquitv.

(After Brebner and Kamphuis -1963).
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or
1 ot 1
v, = 14 sin? ¢ ﬁ% Sin (1.65 a ) + 0.1 Sin (3.30 ay)
o (5.26)
2.5 In selecting a theory to tast against fizld data the
following points are relevant.
(a) the energy approach raquires 2 knowledge of the
proportion »f wave energy dissinated whoen the wave
breaks. Comprehansive data on this are not available.

(b) both the energv and the momentum approach require a

knowledge of the fricticonal resistance. Whereas snme

b

estimates of this foree existes, it is difficult to use

(

them because thz frictional resistance coafficient
depends upon velocity which may be variable.

(¢} the empirical equations of Brebner and Kamphuis (1963)
depend upon a knewledge of the deep water characteristics.
In the absence cf a permanent wave measuring installation

-~

or the COuPPPEthn of a shin these are 4ifficult to

i

ascertain.

2.6. The remaining the»nrv is that based on continuity. In

Bruun's development of it ths assumptinn is made that the distribut-

¥ay

icn of breaker heights in the surf i similar to that in deen =

water, and that consequentlv the theovretical distribution of Longuat-

gins can be applied. Since howaver, some preliminarv studics

fot

is

jue

JQ

which will he described below, indicated this assumotion to be 2

reasonable one, the continuity theory as modifisd by Bruun was
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selected as the one against which fiald date should be comnared,
Comhining equations 5.17a and 5.17b the expression for the
discharge of a longshore current at a distance L, from its start

mav therefore be written.

2
4B Hvo. L Sin a Cos a
Q = b s (3.27)

T VA

When Hy is the significant wave height at breaking B is the factor
necessary to convert Hy to a root mean square height. a 1is the
angle the breaker front makes with the shore. Y is the ratio of

breaker height to depth at breaking. T is the wave neriod.

2474 The question that remains before this equation can ba
used is what value to use for vy, Munk (1949a) summarizes the

results »f 746 observations made in varinus field and laboratory

(@]
4o

L.

studies, and finds a value of y = 0,75, He quotes some precise

”

measuremants made in the surf at Scripps Beach which save a value
of 0.78,

According to Ippen and Xulin (1955) values 2btained by other
workars are Boussinesq 0.73, McCowan 0.78, Davies 0.83, Packham 1.03
and Gwyther 0,83, Ippen and Kulin from laboratorv tests with
solitary waves found the value to be considerably hicsher. On &
0.023 slope for all initial waves it was 1.2. Brebnzr and Kamphuis
(1963) prefer the value 1 as does Bruun (1963) for a beach with sub-
merged longshore..

From field studies by Millar and Ziegler (1964), a value of
0.77 for a plunging breakar ic obtained. McCowan found that
theoratically the limiting relative wave height for a solitarv wave

was O.78. In the calculations which follow the value of y for the
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breaking wave has been taken to be 0.78 followine the field work

described bw Munk (1949a) and Miller and Ziegler (1964),

2.8 The underlyving assumntion of Equation 5.27 is,that stertinc
at some point (possibly a headland or major discontinuity) where

the longsheore current dischorge is zero, the current gains in
discharge down stream by the continuous acquisition of water from
breakers entering it. The squation assumes that the gain iz
proportional tn the distancs down stream so that veloeitv and/or
current width must increase as well. Clearly there must be some
limiting distancs down straam where there can ho no ineremant »f

volume because the surf zcone has reached its maximum width and i

a

moving with a maximum valocity determined hv the available momentum
and the frictional resistance to flow. In this resnect the aquatio:
is inadequate for it satisfics centinuity only.

In work reported later, wh=re the longshore discharEe a8 mAasur

in the field is compared with the predicted discharec from Equation

5274 the problam aris

193]
@]
0]

as tc what is the starting noint of the

current and at what part ~f the current in rolation te this point
the discharge was sampled, To aveid this difficulty the sksarved

and calculated increments of discharge betwesn two noints 2 known

ja N
|
n
r+
il
23
0
@
1]
J
jatl
=3
t
o]

are compared.



PRELIMINARY THVESTIGATIONS

l. Measurement of Wave Height Distribution in the Surf 7one

l1,1. Introduction

Ordinarilyv the waves arriving in the surf are the prnduct of
wind fields often remote in distance. Tn the wave generating area
a gpectrum 2f wava freguencies is nroducad, As they travel out

of the gensrating area the longer and faster waves outstrip the

shorter slower ones. By thae time the waves reach the surf there
has been scme degree of sorting as to wave length. Small diffepr-

ences do however rem~in and thoesa can ¥ive risa to "baats" resulting
in succaessive greupns »f high and low waves,

The gquantitative nroblem is tc find the distribution of wave

\q

t+

ghts in the spectrum sc that they can be relatad to goma singla

reprasentative measura. It has beecome customa2rv teo use the mean
»f the unper one third ~f all wave heights as this measura. (Soma-
times the mean of the upper 30% is usad). The reason for cheosing

this measure, described as the "significant” wave haizht, is anparent-

ly that it is the one which would commonly be measursed bt

obseprver.
In applying the theorv to predict lengshore currents in the

inner breaker zonaz, a vepresantative wave heisht is needsd to insart

in the aquation. This height appears in the equation as its squars

The root mean square height of 211 waves breaking into the inner

128t representative height to use.

2

braakar zone would seem

ot
\_/d
o]
et
s
3
J

In »ractice therefore a relationghin hetwasn the sicnificant woave

heights and the root mean square wave heights is requirad.
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1.2, Longuet -Higgins (1952) has made a theoretical study of
the statistical distributicn of wave heights in deen water. He

assumes that

(2) the spectrum contains a narrow band of frequencies
(b) that the wave energy has heen recsivaed from a larce
number of sources whose phase is random.

He starts with the expression

\

/

2 ;
p(H)AH = {exp e S S
! D —2
{ 8 a

which shows the probabilitv (p) that a wave of height H should lie
between (H) and (H + dH), where 2‘is the root mean square of z11
occurring wave heights.

If all (}) wave heights seperated by aqual intervalsare
arranzed in descending order of mapgnitude", the mean value of the
first n N of these, where o is a fraction bstween 0 and 1, is
denoted bv alp) | Thus the mean of tho upper one third is denoted

25 ' :
by . and the mean ~f all waves bv a . Longuet-Yiqgins gocs on
iom £ n/a : (3) /%
to derive an expression for the ratin a and finds that A /a
= 1.416 and a'/2 = 0.886., This enables an evaluatinn of the root
mean square of all waves to Le macde from fizld measurements of say
the upper one third. Longuet-Higzins makes a comrarison with

field observations and shows that the results obtained from actual

observations in deep water are in good agrecment with those calculat-

ed on the hasis of his thecry. He cautinns against the use of the
theory in the surf zon2 whare waves arc filtered, hecause the
higher waves are reducad in height during breaking. It is neczssary

to see if this theory holds good in the surf, before it can bhe

used, and this was the purpose of the investigation dzsscribed below.
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1,.3. Centinuous records of wave height measurements may
be made by a varietv of mecthods. Commonly used methods are,

to measure the movement of a float, or the pressure changes under
the wave, or changes in tha clectrical resistance of 2 vertical
wire partly submerged. For measuraments in the surf there

appeared tc bz some advantages in using the nressurs method, since

the pressure sensing device could be located in the quister water
near the sea bhottom.

Changes in pressure arc transmitted pneumaticallv or elsctrical-
lv. In these tests electrical transmission was used,

The nressure changes (An) due to the passags of an oscillatorv
wave of height H and wave langth L over an instrument at depth v
below the still water surfacoe in water depth d is givenr aceording

te La Mehaute (1960) by

2 1 (d+v)

AR . H Cosh L
pE 2w
Cosh I
L
The amplitude of the fluctuatisns decrezseswith danth. If the

instrument is situated on the sea hottom,d = -v and

Cosh 2.7 d

In order to compensate for the nrassure attenuation it is necessarv
to multinly the readings of tha pressure recorder hy a res»onse

factor (}.\ where
i/

= Cosh
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If the pressure sensing device is usad in the surf zone where the
water depth seldem cxceeds 8 faet, the response factor for a
common periodicity of 8 sce would be 1.077,

Neglecting the resnonse factor would introduce an error of

about 7.7% in the absolute value of the wave heishts.

Recordings were made of the height of the waves in the region

breakers. The waves measurad

1))

between the outer and inner zone ©
were therafore those regencrated by the breakers in the outer
breaker zone.

The equipment used consisted of a Bourn's pressure head with
2 bellows which actuated a sliding contact on a rasistance that:
formad part of a potentiomotzar system. The signals from the

potentiometer were carried to the shora by wav of a three-core

rubber covered cabl=. The recording was made »n a clockwork
recorder with a maper speaed of 2" per min. The pressure head was
housed in a brass casing mounted on a lead plate. It was fround
that an lead plate 1 ft in diameter and 3" thick was sufficient

to ke=ep the instrument stabls on the sea bottom. In practice the

instrument was carriad out c¢f the surf bv 2 swimmer and placed cn
the sea bottom about 100 £t offshore. To mark its nosition a
small float was secured to the brass container hv a nolvpronylene
This cord facilitatzd »azcoverv. Fig. 5-5 shows the essentizl
aatures of the nrassure head and its housing.

The instrument was calibrated by lowering it tc known depths

in a gquiet part of ths harbsur at Durban. The calibration tast is

descrited in the Appendix 10, Over the range used this instrument
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would have a maximum error of 5%.

13. Results

.'—I r

Specimeng of the recordings are shown in Fig. 5-6. The

recordings for two days were subjected to detailed analysis. Th

©

wave trace was divided int2 szctions of twenty minutes. The wav

®

heights (distance from crest t~ troughlwere measursd on a travellinz
microscope with an accuracy of 10-2 mm. The results of the analvsis
of waves measursed are shown in the accompanying Table G.b.

For compariscn the thaoretical results for deep water waves

5

as calculated by Longuet-Higgins are included. The value of =
from the experimentzl work is 1,517 which comnares with the
theoretical valus of 1,416, It must be noted that the experimental
results applv to a beach having a subnarged offshore sandbar, and

thercefore are relevant to the regeneretad waves over thz trousgh.

Based on the results in Table 5.4 the following relaticnships

(a) to convert significant wave heights to mean wave
heights multiply by 0.66..
(b) to convert mean wave heishts to root mean square wave
hzighte multiply by 1.11.
In calculaticns of longshore curraents which follew these
relationships have been used t2 obtain root mean squarz wave heights
from significant wave heichts - the significant wave haights heing

multiplied by 0.73.
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TABLE 5.4. ANALYSIS OF WAVE MEIGHTS TN THE BETWEEN-BREAKER
ZONE
1 2 3 4 5 6 7 8 9
No.of Ratio| No.of Ratin| Ratio
waves as waves a’¥ a!
" No.of A in woper i 5t in upper o
Date waves a' as - 30% al3o0 al =
23.9.64, 195 0.2377 65 0.3642 | 1.532 58 0.372] 1.567| 0.9057
23.5.54, 180 O.2443 60 0.3691 1.510 54 0.377 | 1.5u45 | 0,9003
293364 197 0. 2404 66 0.3658 1.523 59 0,373 | 1.552 | 0.90u3
23, 9,58 185 0.2468 61 0.3695 1.497 56 OLF78) 1.533 fD:90133
11.8,64, 147 0.2446 49 D,3729 1.524 Ly Q.3821 1.56) ') 0.8025
Longuet-Higgins - - - - 1.416 - - l.454 | 0,886
d,"‘_tao
Column 2 a' 1is the mean wave-height in cms on the wave record
Column Y4 a% is the mean "of the" upper one third in cms on the wave record.
Column 7 : a30 is the mean of the upper 30% in cms on the wave record.
Column 8 . is the ratio of the mean to the root mean squarea.
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2. Method for measuring Pates of Flow

A method hereafter referred to as the "tracer dilution

method" sometimes used for determi

ot

ning the flow in cnen channels

involves the release of a batch of tracer matsrial and the samnling

of it at a station sufficiently far downstrcam that homogeneity

has been established., rom a knowledge of the mass of the initial
tracer (M) and the change of concentration (C) with time (t) the
discharge (Qg) can be calculated.

¥
O = (5.28)

'gt Cdt

If the concentration is plotted against time, the area under

the curve (A) is a measure of the integral. Thus

Qy = 2 (5.29)

The river-like flow of the longshore currents prompted the
application of this technique in the surf zonao. Sodium fluorescein

was the tracer material gencrally used. When a longshore current in
the inner breaker zone was being =xanined, the dye (mass M) was
introduced as a concentrated solution or powder at the water's edge.
The sampling point was established sgvér-=I bhundred feet down-
stream. Batch samplas were taken near the surface in knee depth
water. The fluorescence of the samnles was measurad in a fluori-
neter. To evaluate the integral in Equation 5.28 a sranh of the
concentration in parts per nillion (ppm) was nlotted acainst the
time (in seconds) which elansad between the first arrival of the
dye patch at the sampling station and the time of sampling. The
area (A) under the curve was found. To calculate the discharaos

in cusacs, A in appropriats units (p.p.m: x seconds) was inserted
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in equation with suitable additions to convert opm into 1hs/cub.
ft. Assuming the density of sea watcr is 64 1lbs/cub.ft the

equaticn thus beccmes

n 6
Q. = Bxd0 (5.30)
A %X 64

where M is in 1bs and A in pom-seconds.

2.1. Evaluation

Befnre the tracer dilution method which is desitnad for open

02}

channel flow, could be applicd the longshore current,its suitabil-
ity had first to be taested, Idzally the results nbtained hv the

mathnd should be compared with measurements made bv some well

Ll

establishad technique. This could perhaps best he dona hy
determining the cross section of the current and m=asuring by means
of a current meter the distribution of velocitv acrnss it. Besides
beingz very difficult phvsiczlily, the measuremant »f velocities in
the surf is comnplicated by the orbital velocitv of thzs waves and
breakers. Furthermore an accurate measure of the creoss-secticonal

area is also difficult bhecause of the variation of sea level chanres

whichnccur, and the problem of defining the shoreward and ssaward

boundary. The seaward boundary ig in fact a gond dsal more clearly
defined than the shoreward one. It occurs just nutzidas the line

of breakers in the inner breaker zone and the sharp discontinuity
<s it is readily shown un when dwe is introduced intn the
currant. There heing no ahsoclute test of the methed available, it
was decided tc examine the following.questions.

(2) How hcmopenecus is the distribution of the dye tracer

concentration over 2 cross section.
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in the current betwean the rip currents when the asymmetric
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(b) How does the discharge indicated by the tracer
dilution method compare with that calculated from
a knowledge of the area of the cross section of the
current and the current velccitv as indicated hy the
time of travel of the head cf a patch of dve (which
would give the maximum discharge).

{c) What kind of agrecment is there hbetween successive
neasurements of discharge. i.c. what is the
reprcducibility.

Since the alongshore system only occurs abnut 10% of the time

s decided that some of thz above tasts would have to he done

circulation was oparatingi

2.2, Homogenitv in the Cross Saction
Maethcd - Sodium fluorescein dye was relcased into the long-
currcent and a samnling station set up at some distance down-
stream. A swimmer collected samples as quickly as possible
from five points in the creoss section, both from the surface
and near the bottom.
Results =~ Analysis yas made of the samples taken on three
occasione. The results are shcwn on Table 5.5,
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TABLE 5..5

VARIATION OF DVYE CONCENTRATION WITH DISTANCE

AND DEPTH IN THE CROSS SECTION OF LONGSHORE

CURRENTS IN THE INNER BREAKER 7ZONE :

Distance from |Circula-|Approx. Approx. Approx. | Concent -
Date of |point of dye tion | width Distance |Depth |ration
Test release tvp=a of current from (P DpM
(ft) shore (ft)
3.4.65 120 ft Along- 15 10 D.5 0.30
shore 50 0.5 0.24
50 3 .42
70 O & 042k
70 5 0.11
21.7.60 750 ft Along- 85 10 0.5 1.08
shore 40 1 1.08
40 3 1.02
80 1 1.00
80 4 0,96
11.8.65 3756 £t Alcng- 85 1C D45 1.69
shore 50 0.5 1.30
with 50 3 1.00
small 80 DS s 100
rins 80 10 0.15
The conclusion from thesc tests are that if suffieient
distance intervenes between the sampling statioﬁ and éhc release

point, the homogenesity is aood. Clearly the 120 ft

was insufiicient. It is also clear that, as may

o

be expected,
the intervention of small vip currentscause a falling off of

concentration near the outer boundary.
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2.3 Compariscn with Discharges mcasured Physicallwv

Method - The cross sacticn at each sampling station was
found by measuring the denth below mean sea level »f the sea hottom
at various distances coffshores measurad from the mean uprush point
of the breakers, The outer boundarv of the current was clearlvy
marked by discontinuityv of dye. Tha velocity of the current was
measured by timinc the travel of the head of a dye patch aver 2
measured distance. It would of cours2 have heen preferable to
maasure the velocity at several fixed points in the cross section

(the Euler concept of velocity) but as stated above the orbital

velocity of the waves and bLirezkers introduces impossible comnlications.

Simultaneously with the above measurements, the time rate of change

3
—

of concentration of a tracer releascd unstream was obtained freom
samples collected at ths station. The rasults are sct out in

Table 5.6.

TABLE 5.6

OBSERVED DISCHARGES COMPARED WITH THOSE CALCULATED
FROM PHYSICAL MEASUREMENTS OF " THE LONGSHORE CURRENT
IN THE INNER BREAKER Z0ONF

Cross | Calculatad | Obsarved
Velocity |[Sectinn| discharge | Discharge
Date Circulation| ft/sszc gd-Tt. cusecss cusacs.
30,11.64,.| Alongshore 242 340 750 680
2. 4,65 | Symmetrical| 0.243 300 72 150
3. #.65, ” Oa 25 228 57 63
5. 6.65 " 3.0 150 100 63
23, 9.64 |Asymmotrical] 2.5 150 3752 240!
10. 8.65 |Alongshore 1.86 465 365 590
11. 8.65 i 2.0 450 300 320
1 (960)*"




= NS

Note: l. Continucus discharge

2. Mean value

3. Verv slow current, difficult to measure

4, Correcticn for non-homogeneity in the cross sect-

ion due to small rips was applied.
Tt should be noted that the discharge oktained from crcss section
and current velocity give the maximum velocity while the results
from the coneentration changes yield average velocities.
The results from the tracer diluticn method are in fair

agreement with the measured values. Either the phvsical measure-

ments nr the tracer 4dilution method may be the cause of discrepancies

In order to test the reproducikility of the method, four tests

were carried out successivalvy, 1 1h of sodium fluorcscein was

3

elcased intc the current, and the concentratinn changes with time

(l)

o)

obtained from samples conllacted 375 ft downstreanm. Details »f the
tests and the concentraticn data are set cut in Apnendix 11. The
concentration time curves are shown in Fig. 5-7. The discharges

calculated by using these curves are listed in Table 5.7,

REPRODUCIBILITY OF THE TRACER DILUTION METHOD

Dischargc Daviztion
- in from the
Tests Casecs. maan
1 300 6
2 330 3y
3 250 by
4y 295 1
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SECTION 1III

48 Tests to determine the Discharge of the Alongshore Svstem

3.1. General - Details are given below of tests carried out to

measurc the discharge of the longshore current when the alongshore
system prevailad. It was not always nossible beforehand to he
certain that the rip currents were negligible. Where it was
subsequently found that rip currents had interfered with the

uninterrupted flow of the longshore current, the test was rejected.

3.2. Methods and Procedure

sn method" was used. Tracer

e

In all the tests the "tracer 4ilut

was introduced either batchwise or as a continucus stream at the

water's edge. Sampling staticns were set up at various distances
downstream. Samples were taken by a sampler standing knee deep in

the surf, Each sampler was equipped with a set of numbered sampling
bottles which varied in capacity frem 50-200 ces. The rate of
samnling was greater ne=rer tha tracer release point. After the
field test the samples were analysed in the laboratory. When the
tracer used had been sodium fluoroscein, the fluorescence was
measured on a Turner flucrimeter using a pass filter of 450 u.
This method is sensitive to 0002 parts ner million and is accurate
to 1%. Care was taken to stoare samnles in the dark hacause it was
found that deczy of the fluorescence accurred in daylicht, On the
occasion when the tracer was suspendsd clay particles, the turbidity
was measured in a spectronhotometer.

Having analysed the samples, granhs were plotted of the concent-

Fy

ration a2zainst the time elapsed from the time of the first sampling

J

at each station. The area under the curve was dotoermined granhic-
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ally and the discharge calculated from Equation 5.30.

M x 106

A x b4

wherc Qq ig the dischargz in cu.ft/sezc., M is thc mass of the

h

12

tracar introduced in 1bs. A is the area of the concentratinn tim

(

curve in ppm-sec units, and 64 is the density of sea water near’the
shore, in 1bs/cu.ft.
For the test where the tracer was released continucusly the

discharge (cusecs) was calculated diractly from

= (3.31)

where Co is the initial concentraticn of the tracer in pom,C is
the mean concentration st the sampling statisn and Vo is tha rate
at which the tracer was -discharged in cuseecs.

In orier that the obsaervaed dischiarse could be comnared with

+

hat predicted by Equation 5.27 ,data as o the conditions prevailing

during each experiment wera racorded. Observations were therafore

made of the following:

(2) Wave height at breaking. Ths heights of the waves break-
ing in the inner breaker zons were measured directly with
a graduated pole. The accuracy is estimated to he £10%,

() The angle that tﬁe wave mad2 with the shore was measuvred
by sighting a2lcng the wavesz at breaking ~nd recording
the angle made with some distant point alons the shore-
line. The accuracy is cstimated at £15%.

(c¢) The wave period was dstzrmined bv timing ths arrival of
a:kﬁown numbar ©f waves,

(d) Beach slopes were measured in the intertidal zona by means
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of & level and graduated rod.” (this variable is not

required in Equation 5.27).

3.3 Description of Alongshore Current Tasts

Conditions suitable for tests occurred only rarelv. There
wera several occasions when the system appeared to be suitable but
which were marred by small rips which were seon to onerate during

the course of a test. As the prelimi

=

arv w”wk,woﬂ“rt*ﬂ abnve had

shown that these small rins militate z

La

ainst homoagzneity of the

tracer distributions thass had to 1iscardead. In all there

=
{\.
r+
I_Io
-
3
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J
13
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e
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were five occasions when satisfactory con

five tests were carried cut on four different beaches.

Descrintion of Beach - The Country Club Beach in Durban strctches
gouth from the Umgeni River. In the northern secticn the sand had
a median diameter of 0.5-1 mm and beach slones wera about 7°.
Towards the southern end the sand was found tc be finer about
0.25-0,5 mm median diamctzr and the slone in the intertidal zone
corresnondingly gentler, about u°, A submerged sandbar was in
gvidence along the whole stretch of beach hut was mors pronouncerd

in the northern section. The beach is nearlv straicht and had no
rock outcrops except at the north end where a short stone groin
projects abnut a hundred fzct into the sea at the river mouth.

Wind - During the test tha wind was fresh from the Ncrth East.

Proccedure - 10 1bs of sgndium flucrescein were inserted about 200

feet south of the groin. Samnling was carried out at six stations
spraead out over 6000 feet downstream. Except hetwaen stations 1 and

2 where a small rip current occurred the longshorz flow was uninter-
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Conditiens - The experimental conditiens are contained in

Table 5.8,
Results - The results of the analysis of ths samnles are set out
in Anppendix 12. The concentration-time curves for each station

constructed from the data are shown in Fig, 5-8.

TESY As2e (11.8.82)

Description of Becach - The Umgababa test heach was part of a

relatively straight bheach which stretched 10,000 ft between two
minor headlands which project a few hundrad feet seaward of the
main coastline, The beach had z gentle slope (20) ccnsaquent on
the sand having a rather small median diameter of about 0.2 mm,
There was no obvious sanibar. These two characteristics different
iated it from the other test beaches.

Procedure - Approximately halfway betwzen the headlands a
continuous supply of a fine clay material (-10 microns) was »umpc .
onto the beach (the clay being a2 hv-product of a mineral processing
plant). The rate of the discharge of the clay =2ffluent was 6 mg,
pd. The concentration of the material was 11l.4% ppm. Laboratory
tests showed that when the clay was suspended in sea water and

allowed to stand there was no avidence of settling out over a periond

0]

of twenty four hours, It was therefore assumed that "a fortiori"
it would not settle when subijected to turbulence of breaking waves.
Advantage was taken of this situation since it was ths only available
source of large quantities of = tracer mataerial whose characteristics
were reasonably well known. Sevan samnling stations were set up
downstream (to tha south) as far 25 the headland.

On nne occasion when tha longshore svstom had heen in oneration
for twentv four hours it was assumad that equilibrium conditions had

baen astablished,and sampl=s wersz collacted from the stationst -These
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ware analysed for turbidity in a snaectrophotomzter and the concent-
ration of the fina material determined. (Nocte the analyses were
carrisd out by Mr. Dowie-Dunn)d.

Conditions -~ During the test there was n» wind. Other data are

set out in Table 5.8.

Results - The results of the analvsis are sat out in Appendix 13.

TEST As. 3. (27.8,64)

\

Tast A.3 was carried out on Virginia Beach which has 2lreadyv heen

described. On the occasion of the test the beach slope was 8°.,

B

Pprocedure - 1 1b of sodium fluorascein was released into the surf.
Two samnling staticns were sct um,

Conditions - The wind was lisht North East. Wave data are

contain=sd in Table 5,8,
Results The results of the fluor:ascence =2nalysis sn a Turner
fluorimeter are szt out in Apnendix 14, and the concentration time

curves in Fig. 5-=9,

Virgqinia Beach was the site of the tast, The beach slope was 69,
Proczdure - 2 1bs of sodium fluoraescein was relazasced into the
L

longshore current and sampled at five stations,

Conditions - The wind was light Southerlv, The wave cenditiens

wre reported in Table 5,8,

Results - The results arce listed in Apnendix 15, and the concent-

ration curves drawn in Fig, 5-10,

3

EST  Asle 12:3.50)

Descrintion cf Beach - The test was carried out at Invoni Rocks

each which is similar in comnnsition and slopa to that at Virsinia.

-

A submerced sandbar was in avidonca. The test sita was the middle

-
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portion of the almost straight beach which stretches 7,600 ft.
from Inyvoni Rocks northward to another rock outcrip.

Conditions - The wind was light. The wave data are set out in

Tabla 5,8,

Procedure - 5 1bs of sodium fluorerscein was relesased into the
surf and sampled at threaz stations downstreanm.

Results - The réesults of tha analvsis of th2 samples by maans of
a Farrant fluorimater are s=t out in Aopendix 16, and plotted on

the concentration tims curve

03}

in Fig. 5=11.

The discharges (Q,) deduced from tracer dilution method of thsz
ahove tasts have been assembled in Table 5.8, The increments of
discharge (AOO) botween stations have been calculated, and are

.
1

referr:d to as the observed .

(8]

charges.

]

The ‘wave data and distance hetwsen stations for zach test have

s E

been substituted Equation 5.27 and calculated values of the
discharszes (Q,) and the increments (AQ,) betwa2en stations found.
Thesa have been antered in Table 5.8 and are refarraed to as calculat-
ed valuas,

Observed and calculated incraom~nts aras compar=d in Fim. 5-12,

The observed discharges with incraasing distancs are plotted in

TABLE 5.8

SCHEDULE OF DATA FOR ALONGSHORE SYSTEM TESTS

NOTE: THE SYMBOLS USED HAVE THE FOLLCWING MEANING:

S = station, Ly = distan

o]
e
3

feet of station from point of

insertion of tracer, AL_. = distance in fect hatws=en stations,

g
H = significant wave height at breaking in thz inner breaker zona,
T = wav> period secs, ¢ = mean angl=s the brezker makes with the

shor=, Qo = the observed discharge in cusecs at the station,

AQo = increment of discharge bhetwszen stations, Q¢ = calculatad
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discharge in cusecs, AQc = calculatzd increment of discharge between
stations, & = anglc of slope of beach in intertidal zone, Yy = ratio
of wave height at breaking to depth at breaking (taken to be 0.78),
B is factor for converting significant breaker height +to root mean

square height = 0.73.

4(BH)2 Sin a Cos a ki

AQe =

T /373

TEST A.ls 2.6.61 COUNTRY CLUB BEACH

H=2 T=5g4q2= 20° 8 = 4°27° Tracer 10 1bs sodium fluorescein

S L. 00 AQo AL Ac
S s
1 500 520 - - -
2 1000 700 80 500 2u0 . (digcard =
3 2000 1050 350 1000 420 rin
4 3500 1800 750 1500 720 influenc=a)
5 5000 2480 600 1:00 720
6 6000 2750 300 1006 420

TEST A.2 11.8.62 UMGABABA BEACH

H=2 T=7 o-=25" 8 =12° Tracer = continuous discharges
of suspaendad clay

S LS No AQo ALg AQc

1 300 100 - = o

2 900 200 100 600 230

3 1500 395 195 600 230

y 2100 723 328 600 230

5 2700 990 267 600 230

6 3450 1560 570 750 288 discard -
7 3900 1800 240 450 168 near rocks




TEST A.3 27.8.64, VIRGINIA BEACH
H = 1.5 T=86 g= 159 g = 806 Tracer 3 1 1b scdium
fluorescein
5 LS Qo AQo ALg AQc
1 360 357 o= = =
2 780 b20 63 420 57
TEST Al 14,7.65 VIRGINIA BEACH
H =325 T = 8.5 @ = 150 @ = B0 Tracer = 2 1lbs sodiunm
fluorescein
S LS 0o AQo ALg AQc
1 240 850 - - -
2 660 1200 350 420 230
3 960 1400 209 300 162
b 1272 1600 200 312 162
5 1852 1800 200 580 306
TEST A.5 2.3,60. INYONI POCKS BEACH
H= 3¢ T & 8 @ = 20 § = 6% Tracer = 5 1lbs sodium
fluorascein
S Lg Qo AQo ALg AQe
1l 250 270 - - =y
2 | 1000 1300 | 1030 | 750 | .574
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4, Discussion on the Alongshore Tosts

h

e

In Fig. 5-12 increments of discharge as determined hy the

A
tracer dilution method and those calculated from the apvolication
of the solitary wave theory are compared. The mean ratio of the
calculatad to observed increments is 0.92 with a standard deviation
of 0.22. The agreement is tolerably good, especially in view of
the difficulties of making representative measurements of wave
characteristics, and of sampling errors.

It must however be noted that both the tracer dilution method
and the solitarv wave theorvy havas their shortcomings, and might

n error in the same direction. The most likely error in the

L

o
©
e

former is inhomogenzitv of the tracer in the cross section which
would result in discharges which were on the low side. The latter
may k2 in error because the mathsmatical model {(as has besen remark-
ed on) only approximatelv simulates the waves in the ficld and
becaus: of the inaccuracy of the date describing the wave character-
istics during the test. Figure 5-12 lends some support to the
assumption that the increase in discharge is proportional to
distance, at least over the distance used.

The least satisfactory agreemant with theorvy comes from tha

il

=

t is noted that this beach was different

»*'

observations of Tast £
from the others in that it had a gentler slope. Furthermora, the
tracer material was a continuous supply suspended clay, the
concentraticn of which may have varied somewhat.

Figure 5-13 depicting the growth of discharge with distance
downstream is of some interest. Naturally the slopnes differ widely
between scme tests because the wave conditions were different.
Curves A.l1 and A.2 show some similarity initiallv with the discharge

growing at an increasing rate for the first 1500-2000 ft. Curves

» = 2 o = i .
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towards the ends of the curves. The fact that the discharges

are initially different in the different tests is understandable
because the sampling stations ware set up somewhat arbitarily at un-
known stages in the currents development, Test A.1 probably

gives the fullest picture of the growth of the curraent. The

first station was within 300-400 ft. of & coastal discontinuity

caused by a short stone groin at the mouth of the Umgeni River -

e

a river which was discharging a few hundred cusasgs. (This

latter fact may have causad the initial discharge to be set

rather high (630 cusecs)). The curve as a whole suggests a
typical growth curve with accalerated growth initially and
decelerated growth far downstream. Tha first station of Test A.2
was probably also placed at an early stage in the currcnts

development, for 1000 ft upstream marked the beginnine of a rock out-

Cron, The same may he said of Test A.4, while for Tzst A.5 the

curraent would have been well davelopcd where it was samnled.
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CHAPTER VI

SUMMARY  AND CONCLUSIONS




CELLULAR IRCULATIONS

FIELD WORK

j 2 0ff the test baach at Virginia the eecllular circulation

consists of largz celle, the mean spacing of whos=z comnonent

the large

£t Between the rips of

rip currents is 1830 3
cells smaller cells originzting in the innar bre -zone,
Their mean spacing is 127 ft.

may often be cobserved.

2 The mean width of the whole surf was 470 ft, and of the

inner breaker zone 47 ft.
= The mean ratioc of cell width to surf width was 3.7 for the

large cells and 8 for the small ones.,
The volume of wzter bounded by the out breakers and the
106 cu ft. This

rips of the large cells is of the order o

is exchanged by cycling in th: circulation roughlv omnce per
hour. The order of magnitudc of the rate of exchanege is
103 cusecs. The actual values were
represent 4.5 - 12% of the notential inflow unider ordinary
Inman and Bagnold (13%63) calculate figures

wave conditions..

S Tha exchange process is apparantly achisved lareely by dis-
nlacement. A rough =stimate suggests that the Aisnlacing
directly from th=

side

water is made up of 680-80% watzr recycled

rin currents, the halance being possiblv water from out

istimate is bassd on the frontags

the circulation. This
snlacing water entars the surf zone.

H-

ovay which each type of

Tt does not take into account nossiblc

of flow.
ield work ecuipment for measuring sea level changes

h

6. During the
order as

]
b
3

[#]

wis develoned. Maximum ch=nges were of
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thoge found hv Dorrenstein (1961)-about 10% of the wave

heights.
WAYE TANK WORK
6. The symmetrical cellular circulations found in the field are

qualitatively well simulated in a wave tank. Essential

elements of longshore currents feeding rip currents and

recycling are all »resent. In adlition small cells within
larger ones were seen. On tha other hand, the rip spacing

to surf width ratio for the cells in the wave tank is higher
being about 5, Also no long term pulsing of rips was
obsarved. However tha rip out flow in the wave tank did
appear to be interrupted by the arrival of each breaker.

A notable feature was ths rofraction of the incident wave
front as it encounterad the out flowing rip. This refraction
resulted in wave obliguity (with respect to ths bheach), and

is thought to be an imrortant mechanism underlying the,
circulation. The obliquity is limited to a region adjscent
to the rips. As the wave height was increased longshore
current - andéd rin currsnt velocity increased. Rin snacing
also tends to increase (though irregularly) with wave height.
The whole system shows prcperties of self consistency.

Based on the solitary wave thecry and on certain experimental
obsarvations, an cquation predicting the length of breaker
crest required to satisfy (hv continuity) the volume of flow
requirements of a rip current, has heen derived. The crest
length appears to be greater than the length of crest approach-

ing obkliquely (and therefore having a longshore component).
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10,

11.

THE CAUSE OF THE CIRCULATIGHNS 1IN THE WAVE TANKS
9. With small waves l=ss than about 3", verv larce amnlitude

oscillations - in the form of a transverss standing wave -
developed along tha water line in the wave tank. Thesge

have bhaen shown. to be causad by the interaction of thsz

generated wave and edge wavastravelling across the tank,

th

from either sids, This interacticon of wavas produced rin

currents - waak,when the period of the standing wave was twilca
that of the generated wave,and stronger,when the periods wepr:
the same.

In circumstances when the wav:s in the wave tank were ahout
1.2" - 1,5" and the period in the ragion of 0,65 sacs a
proninent three dimensional standing wave was formed just
outside the breaker zonz. Fdge waves werse identifisd in tha
systam and the case is thought to 2 one of resonance hetween
the generatced wave perind and nossibly that of 2 discreta

or cut off mode of the sdge wavaes, The staindinz waves
appeared to modifv the breaksy locally producing recular

[

spatial variations of height and causing scalloned confisurat-

ions along the crest. After the waves had broken small cells
of circulation were formed. Thelr spacinz corresponded to

the wavelength of the edve wavae's second moda.

Analysis ¢f a gen=aral case (oth=r than the special oncs alove)
pointad to - but not conclusively - tha interaction of the
generated wave and edee waves as an exnlanation of the
circulation observed.

When the wave generators were fifst 'started up, the arrival
of the first few waves at the shore was accomnanied hv the

develcpment of closely spacad small rip currents - none at
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first penetrating the surf. As later waves arrived scme of
the. - (more widely spaced) rip currents developed and
nenctrated the surf while others remained rudimentarv or were
evanescent.

The sum of the evidence is that, certainly for certain special
cases and possibly genarally the c2llular circulaticns in the
wave tanks were caused by interaction between the generated
waves and edge waves, resulting in distortion of the wave
breaker front, with consequent convergence and divergence

of mass transport.

The system seems to represent a tyme of Ravleigh-Taylor
instability, with modes of edge waves determining the falling

away from unstable equilibrium.

Alongshore System

1.

A tracer dilution method to measure discharge or rate of flow
of alongshore currents (similar to that used in rivers) was
tested. It was found that provided the alongshore current
dominated the system to the virtual exclusion of rip currents,
the method gave reproducible results with about 10% standard
deviation.

The method was applied to measurs longshore current discharges
on 5 selected occasions.

The discharges were also calculated from wave characteristics
using the solitary wave theorv and applving the approach based
on continuity.

Taking into account the difficulties of arriving at renresent-

ative values for the wave characteristics, the calculated
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and observed increments cf discharre betwean samnling
stations agreed tolerably well. The mean ratio of ths
former to the latter was 0.92 whith a standard deviation of
0.22,

Se In the course of the above study a test was made on the
applicability of Longuet-Higcins' wave height spectra theory
for deep water, to the between brezkar zone. The relationshin
between significant,mean, and root mean square wave heights

for the experimental data wer:s from 2-10% higher than thoss

v

Zins.

&

Longuet-Hic

Hh

o

Transition from Cellular to Alongshcre

It is suggested that the process of transition from the
cellular to the alongshore Sysfem is as follows.

When the waves arc normal they are refracted, in the regicn
of the rip, towards ths axis of the rip and an obliquity te the
shore ig imparted to tha wave direction.

"Then the waves aporoach is at an angle to the shore, its
obliquity will to a greater or lesser extent opnose that due to
refraction on the down wave side of the rip. As the ancle
increases there will be an increasing tendencv for longshore current
water to flow past the rin basse. In the extreme case none will
flow out of the rip.

It is thcught that the following develonments and findings of
these studies have not bean previously reported

(a) the methnd used for measuring sea levael chanocs

(b) the applicaticn of the tracer dilution to tha measurement

of longshore current discharge.
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(c) the simulatinn of cellular cdirculations in a uniform
wave tank. .

(d) the demonstration that wave interaction can be a cause of
cellular circulaticn under the special conditions of a

wave tank.

Further Rescearch

There are a number of nroblems 2rising out of the work report-
ad, which might well be profitablv pursued..
Theoretical devzlopment is required on the followins noints
(a) the extension of Ursell's work on edge waves, to include
the case of symmetrical motion ahout the midpoint of the

"heach"

(h) the theorv underlving the falling away from instahility

4

of a surge of water returning down a uniform slone,
having been initiallv caused bv wave acticn

(¢) a mathematical model is nzedad for the whole of the

cellular cireculation leading to an expression for the
cell pronortions in terms of the wave characteristics
and the beach slcpe. A prerequisite would be an under-
standing of the velocitv field of a ri» current.

The great difficulties undar which field work 1s carried out
leads to the conclusion that experimantal work micht best be
continued in a uniform wave basin. The Lasin should be accuratelv
constructed and special attention given to the control and measurae-
ment of wave frequencies, Accurate measurements of the changes
of water level just outside the breazkers are required to test

whether the transverse spatial differcences so evident in the case of
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resonance,are more generally present.

1

anx could be usad for much more

l—f

In additicn such a wave
accurate werk on the velocity fields of the elements of the cell-

ular circulaticn, with changing wave heights and p=riods and heach

slones. It would also enabls the anparently “rvemlAar chanages
cf rip spacing with wave height to be studiad. With good data

it should be possible to sez2 whether the spacing could be axnlained

by the superposition of saveral modes of edge waves.

b

The physical difficulties and indead dancer of work awav from
the shore in the surf will Le a deterrent to field work and

comprechensive information does call for sophisticated and semi-

nermanent installations: As an interim measure field work miaht
ke done in the quieter water of harbours; sheltcred embavments or
lakes.

'There are no aspects of the nearshore circulatioen on which our
information is anythins like zdequate, Measuremants are needed on

all aspects, and because of the nulsad nature of the system time

series measurements ere essential. There is scope here for the
devlopment . of the instrumentation.. Manv of the nscassary

variables, such as velocity and sea level changes must be measured
against the back ground of the wind generatad waves, whoseg effects are

usuzlly of much greater ma-snitude than that which is to ba measured.

9]

This will be a2 primary difficultv in determining what transverse

wavamotions exist in and near the surf.

For longshore current studies a first requiremcnt is for

-l

continuous and simultanecus measurcnents of breaker he:

ght neriod

and direction.
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APPENDIX 1

Field data for the spacing of rip currents in
the inner-breaker zone - Virginia Beach
! i ! i
' Wave ' % ! Inner Ratio
height | | Rip | breaker | Rip
i at | Wave | sapera- zone | socpera-
Date | Tceaking l period tiom width tion to
| b, | secs. 5 £t. surf
! width
6.7.65 1.5 - 3 8.5 100 42 2.4
81 42 248
1% 42 ! 1B
240 70 3.4
330 70 4,7
120 40 3.0
60 33 1.8
'! 78 43 1.6
' 210 70 5.0
10 70 1.6
120 50 2.4
B8:7.65 1 -2.5 7 150 T- 475
qC o 2
100 2s9
135 l 3.4
27 . 2.2
75 ) 1.9
87 2dal
140 3 2
i 1.8
96 94
G768 1l -2.5 8 1% 40 1.8
87 ) 92,92
3.8.65 3 8 130 46 2.8
182 46 L.l
164 i 3.5
220 g! u,7
152 i Fnd
104 46 ol
96 approx Fo
128 2.8
198 ; 4.3
150 L 3.3
210 kg 4,6
15.9.65 1 -1.5 8 7%




Field data
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APPENDIX 1

(ccntinued)

»r the spacing of rip currents

penetrating the wheole surf- - Virginia Beach

Wave Inner Ratio
height Rip breakar Rip
at Wave sepera- zone sepera-—
Date breaking | poriod tion width tion to

ft. sSecs. £ti i =4 surf

width
23,2.65 4.5 8.0 1000 500 2.0

750 500 I= 75

1542465 h,5 TAE 1100 HED 2.4
3.2.65 5.0 6.0 2400 400 6.0
1.2.65 5i5 6.0 2400 550 4,3
27.7.64 545 8 2250 500 b.6
17.7.64 345 6.0 1800 550 3.2
15.7.64 440 gib 1800 550 4.7
3.9.65 4i0 645 1600 400 4.0
27.7.64 5.5 8.0 2200 500 bob
30 3wB5 4.5 10.9 1660 o500 Slacd
29:.9:658 5458 745 1600 300 Sed
164785 5.0 8,0 183¢ 650 2:B
239465 4.0 Bah 1600 400 4.0
7.4.65 5.0 9.0 2250 470 o7
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APPLIED STATIC HEAD ~ INCHES

APPENDIX 2, CALIBRATION CURVE FOR SEA-LEVEL
RECORDER (24-8-64)



OF MARK 1 WAVE RECORDER

18.4.64.,

Procedure
The wave meter was tested in Durban harbour.
ing head was lowered to & known denth - at ‘intervals of 1 ft.

the

M

corresponding displacem

The pressure gensg-

and

nt of the recording pen read off to

the nsarest 0.1 of a small division on the recordine paper.
Results
The following were the resulte. (The reading at zero feet
was 1.8 divisions).
ek HE . ak i -h e l
Depnth Number of small
in divisions oh Mean
Faet recorder
l 3.? 3.2 3._- 3.3 3'2
2 L.6 | 4,9 4,8 u,9 4,8
3 Bl 642 .2 642 Ged
4 i+ 5 Tad 7.8 7.8 i/
5 B8 3,0 2 Slorl: Hed5
6 10%-2 10.8 1047 10w9 10.65
7 12.0 17,0 tdsl 1241 12.05
8 13.u 13.4 13.4 13.8 355
9 14.8 1.5 150 15.n 14,95
10 16,2 16.3 16,3 6.3 163
The results are plottad on the accompanving graph.
Conclusions

1 Scale division is equivalent to 0,69 ft,
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Date

L RM e

+ 3,1.1766.

Conditions

APPENDIX 4
WAVE TANK EXPERIMENTS
CHANGE OF SURF WIDTH WITH WAVE HEIGHT
Tin plate at 6° Wave peried 0.75 sec.

Scale Readingo

- ins

Wave Max. i Min.
Height rUn-upn run-un S.W. L. Break Pt. Vert, Pt, |
0.5 4L.75 6.5 8.5 10. 15
4.5 6 10.5 15.5
4.25 6.75 4] 16
1.08 4,5 G5 845 11 16
1.2 4.5 6.5 13 3,
1.05 4.5 6.5 11,5 1746
1.6 4 6 8.8 12 19
b 6 12.5 18.5
Lo Yy 6 13 19
2 3.75 5.75 8.5 12.5 20
1.8 4.5 6 12.5 20
2.1 4.75 §.75 845 13,25 21
5 5.5 13.5 i3
i 6 13.5 2
2.65 L e B 8.5 14,25 23
3.5 5.5 14 23
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APPENDIX 5

WAVE TANK EXPERIMENT

SPACING OF RIP CURRENTS WITH VARTIOUS WAVE HEIGHTS
Tin plate surface beach 35 ft 1long slopineg at 6°
Wave period : 0.75 sec.

Wavw ?géght'l P Spacing of Rips (ft) Mean (£t)
0.5 1.5, 3.8, 3, By Bo-9075c 2.5 2
0.5 1,25, 8, 3.958, 2980, B, &, 8; b3 218
046 2, Wy 2% Ze a0 Byily 1, 3.3
0.7 2, 3.5, B, 3 %, A8, 8, 3.5, 2.5, 3.3
0.8 by Be5y 3, 4y dal, B 3.5
0.9 v 75 Ni2sy T8, 3y 2, €L B 3.8
1.0 £, 3, 4, B, K &, 4.5
1.5 3, 3.5, %, 3.8, 8, ¥:5, 9.5, 5. 3,9
1.5 248y Bpla Wy Be 3.7
1.8 7.8, 348, 5, ¥, %, 5. 3, B, b, 3
1.8 Gy W, EeBy Budy 5y Ba 4,5
Fal 3.75, %, 8, B, 2,78, 4,28, 4.5
% 5, 6, B, By 5, Syb. 5.2
2.4 3,75, by BBy 4,75
2.8 6, 5, 6,5, 8. 6




APPENLIX b
WAVE TANKX EXPERIMENT
THE CHANGE OF LONGSHORE .CURRENT

LlieBella)

AND RIP VELOCITIES . WITH

WAVTE,

HEISHT

Date: 31.12.65

Period 0.75

Conditions : Tin plate base at‘6°. 8EC.
Wave height ins. 1:8 y 105, a.5§
L.S.C. Velocity 2.5
Ins/Sec 3.75 | 2.4 1.85

3485 3.0 1.61
S 2.8 Z 0
3.7 2485 ) ST
B B 2.65 2ol
S35
Av. L.S.C. Vel. ins/scc - 2.658 1. 85
Rip Veleccity 1.43 F 3T
Ins/sec 2.4 .20 - I
2525 1.6 1
Slleill 2Rl Q8
2435 1.47 1.4
2.5 el
I 2.7 1.16
i L. 35
Ave. Rip Valocity o 1.15
|




= 178" =

APPEMDIX 7

WAVE TANKX EXPERIMENT

CHANGES OF RIP- & LONGSHORE CURRENT

VELOCITIES WITH WAVE HEIGHT

« » i - By o)
Conditions: Moveable sand base. Initial slope 6%.

Period 0.75 sec.

Wave height,ins 0.4 0.65 1 1.6 2.8
Maximum uprush® 5 5 5 L y)
Minimum uprush® 7 7 6.5 6.5 5
§.W.L\ 8.5 | 845 8.5 8.5 8.5
Break point® 11.5 12 i 14 15
Vert: point® 1745 18 19425 20 24
L.S.C. vel. 1.9 p B 1.9 H ) .8
Ins/Sec 148 1.7 1.9
Ll 1.8 2.0 2 2

2L 2+l 2

3.8 2

Aver. :L.8.C. vel, 2 1.7 2SS 2o 2ol
Rip vel. Y53 ls3 0:3 1s8 245
Ins/Sec %2 L H DB l.4 1.0
3 1.3 249

1.4 J1H N By

L3 2B

Aver, rip vel. L o 25 1.4 a7 17 1.8

Notes: (i) Cusps form and cause small rips (9" snacing).

(ii) Beach takes a considerable time to reach
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APPENDIX 8

WAVE TANK EXPERIMENTS

Test No. 1 Raw dve ccncentration 1480 ppm.,

(a) Concentration of dve near ceontinuous release.

Time after release |Concentration |Timzs after release | Concentrati~sn
in seconds ppMm in scconds pp}alal
8] 0.6 210 6.9
30 g.H 2un L
60 15.4 270 g0
30 28.0 300 by
120 185k 3390 15.0
150 14.6
180 5.2

(b) Concentraticn at the shore

s
Time after release jjConcentratinn| Time after relesasqd Concaentration
gecs - 75 | Dpm in seccnds <75 ppm
.06 160 6.8
(background)
0 0.58 _ 170 7.4
10 0.12 180 6.2
2 Q.52 130 Tud
30 1.0 200 6.2
40 1.1 210 7.4
50 dab 220 8.2
60 2.2 230 1 %2
70 5.2 240 8.0
g0 7 2B 250 9.6
30 8.8 260 10.0
100 6.7 270 8.6
110 7.5 280 10,4
120 2 7.0 290 8.k
130 18
140 8.4
150 ; 9.6
: |
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APPERDIX 9

Test No. 2. Raw dye concentration 1480 pom relcased at rip base,
Time after relecase Concentration Time after| Concentratinsn
= 120 sec. at the shore ppm| ralease at the shore
T Y sec =120 i X l.%
Background 0,018} .. |
( ) ‘
0 0y0284L 039 ) 325 b7 H 7.0 )
( ) ( I
10 0:027{1 .0388) 358 he® W Ta3B)
( ) ( )
25 0+ 0381 ( 088 ) 385 3.8 KB )
: ( ) {( )
55 B 88 (€ B9 ) 415 L,4 I( 6.6 )
( ) ( )
85 Oa28 Fh B2 ) uus 4.3 JC G.45)
( ) ( J
118§ 0.38 (€ .57 2 475 8.0 It ¥s8 13
( ) ( )
145 0.82 L v2% ) 505 h.8 (6.2 )
) ( ) ( )
15 L (1.8 ) In rin 2946 $(36+8E )
_ ( ) i ( )
205 2.0 (3 ] In pip 122.0 @3 )
( )
235 2.8 (4,45 )
( )
265 - (4.5 )
( )
295 3.4 (5.1 )
\

Factor to compensate for lower dischar-~e 1.64 compared to

to 2.44 cecs/sec in Test 1. to make concentratisans comparabls



- 180 -

APPENDIX 10

CALIBRATION OF WAVE RECORDER MARK 11

Purpose

The purpose of the test was tc examine the response to pressure
of the wave meter (Mark 11), which consisted essentially of a rubber

air ring connected by hose to 3 mercury manometcr and recorder.
Procedure

In the laboratory the rubber ring was immersed in a tank and
punped up to an arbitrary initial known pressure. It was then
subjected to additional known hydrostatic loads.

The corresponding manometer readings were recorded on a moving

paner clockwork recorder.
Results

The relationship betwean the depth of water over the ring and
the number of small divisions on the recording paper are shown in
the agttached graph. The response was reasonablyv linear over the
range tested.

When used in the field the response to a wave was correlated
with its height as measured bv lining up the wave crest, the
horizon and a msrk on a graduated pole held at the water's édge.

(mean uprush positicn).



" RECORDER DIVISIONS

‘o [ 2
DEPTH IN FEET

APPENDIX.IO. CALIBRATION OF MARKI WAVE RECORDER

ONE RECORDER DIVIEION= O3 ERNET



APPENDIX 11

REPRODUCIBILITY TEST ON ; TRACER DILUTION METHOD

WEDNESDAY, 11TH AUGUST, 1965 $ VIRGINIA BFACH.

Object

Tc investigate the renroducibilitv of the tracer dilution
method as applied to the leongshorc current in the surf zone.
Procedure

On four successive occasicns 1 1b of zadium fluorescelm was

released into the surf and sampled at a station 375 ft.
downstream, The samples were analysed in a Turnsre
Fluorimetar. Samnling was at the rate of zvery 15 secs. for

tests 1 and ?, and evory 10 secs: for stations 3 and U4,

Conditions

Wave height at sandbar 3-4 fti

i

Wave height at the foreshore 2-3 ft.
Period 6 seconds.
Wave angle 10-15° from North East.
Wind light North East.
Width of lcngshore current approximately 82!
Depth at 82' offshore 10'.

e

Area of cross secticon of current 450 sq. ft.

Result%

tJ-

The results of the analysis are szt cut in the following Table.
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APPENDI¥Y 11
(centinued)

WEDNESDAY 11TH AUGUST, 1965,
2

Four 1 1b batches of dye released 375 ft.

from sampling point

Sample Conc. Dpm Sample Conc., ppm Sample Conc.ppm
No. No. No.
Tect 1 Tast 3
Z 0.000 28 0.000 78 0.108
3 0.068 29 0.125 82 C.074
U 0.76 30 Ol 83 0,053
S 0.97 31 .76 100 0.025
7 0«55 32 0.68 117 0e021
34 0.672
8 0+39 3u C.48
9 Q385 35 Q{355
10 0.322 37 0429
11 0,057 38 0423
0.030 39 Q.17
13 0.0128 40O 0«15
1y 0.0073 41 0.051
15 0.0061 £3 0.0uy
16 0.0061 52 0.024
15 04020
62 D«008)
Test 2 €3 00092
90 0.000
g2 0.081 Test UL
93 0.385
g4 1. 52 50 0.000
48 0w b2 51 Q.17
96 L EE 60 0.69
97 0.10 61 0,649
98 0.023 67 087
99 0,255 &3 P
I01 G031 70 g.87
10?2 0.0097 2, 0.76
108 0.0085 7u O.u8
104 0.009% 78 0.126
Note: For Tests 1 and 2 sampling done every 15 secs.

For Te

sts 3 and 4, everv 10 secs.
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APPENDIX 12

f the samnles taken at

]

Records of the analyses made

stations during the alongshore svstem tests A.l - A.5.

Note figures in brackets after each station refer to its
distance (in feet) from the point at which the tracer was

released.
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APPENDIX 12

ALONGSHORE SVYSTEM TESTS
ANALYSES OF SAMPLES
TEED #aX  £3:8.81.)
STATION I (500 ft.) STATION 11 £1.000 fti)’STATION I1I (2. 000 £&)
Minutes| Fluorescain Minutes |Fluorascein Minutes {Fluorescein
after |Concentration| after {(Concantration| after |Concentration
Releasz| in ppm. Relsase {in ppi. Peleasa |in ppm.
3 0.029 6 n.0ul
33 2.53 62 AL | 10 0,000
n 2.98 7 2128 11 Bsia
43 2«18 73 2,78 12 .47
5 0.u7 8 1.38 13 1.08
53 0.037 83 0433 1y D45
6 0.0165 9 0i076 15 0,23
6% 0.015 93 .069 16 0.068
7 0.0045 10 508 17 0,055
7% 0.007 103 0103 18 0.033
8 0.003 i 04¢N39 20 0.022
83 0.018 113 ;031 55 0,036
9 0.007 12 0.009 24 0.00
9% 0.0015 173 0,010 26 0.003
10 0,0015 13 0.0005 28 0,001
103 0.00 1y 0.000
STATION IV (3,500 ft)|STATION V (5,000 ft)| STATION VI (6,000 ft)
17 0.000 25 0.000 30 { 0,000
18 0,185 ] 0,0UY 31 0.009
19 0.723 28 7.049 58 0.017
20 0.20 29 9.037 33 N.035
21 0.16 | 30 0.068 3y 0.062
24 0.14 31 N,062 35 0.03y
24 0.105 32 0.058 36 N.027
26 0.085 23 7.056 37 0.051
28 0.039 343 0.052 40 0,047
30 0.037 36 N.0L9 43 0.n37
32 0.03" 373 0,04 146 0.039
35 0,011 39 0.,0u405 49 0.02u
40 0s 01 4l 0.035 52
45 0.011 43 0,029 55 0,025
u5 521 58
48 0.018 61 0.0105
51 0.012 6y
54 67 0.007
57 O L 70
60 73 0.006
63 0.007 76
NOTE: Distance of sampling points from the ralease pointe

are given after the statinn number.
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APPEIDIX | 13

ANALYSIS OF

SAMPLES

TESE Aa2

lll7l6fl,"

Distance from point Concentration of
Station of tracer release - 10 micron material

PR - DDM,
1 300 1,320
2 900 660
3 1,500 335
4 2,100 184
5 2,700 134
6 3,450 85
7 3,900 T4




- 186 -

APPENDIX 14

ANALYSIS OF SAMPLES
TEST A.3 27.8.64
STATION I (360 ft.) STATION ITI (780 ft.)
Time after Fluorescein Time after Fluorescein
release - Concentration| release - Concantration
seconds ppM seconds DDM
180 C.87 300 0.300
185 L B8 315 0.480
210 g 330 0.545
225 0422 360 0. 270
240 0.14 405 0.01¢
255 0.0k 420 0.020
270 0.02 435 N.055
285 0.018 450 0..0585
300 6.016 u65s 0.010
318 0,010
330 0.007
340 0.005




ANALVSIS OF SAMPLES
TEST - As 4 14.7.65,
STATION T (240 j}) STATION II (660 ft)
1
Time after Fluorescein Time after Fluorescein
rclease - Concentration | release - Concentration
minutes DDM. minutes PMe.
2.0 0.0966 5 0.0217
2.25 0.875 5.25 0.0852
2.5 0.750 545 0.166
2.75 0.625 £<75 0.29
3.0 0.066 6.0 N.216
3.25 0.086 7.0 1.00
3.5 0.01€5 8,0 N0.093
9.0 N0.0014
10.0 0.0003
11.0 00,0003
STATION IIT (960 ft)
STATION IV (1,27? g HE,
9.0 0.0006
B 25 0.1166 12 0.007¢8
9.5 0.0u5 13 C.oun¢
9.75 0.058 13.5 0.071L
10.0 0.0u7 14 0.065
10,5 0.,1033 14.5 0410
13 0,093 15 N.073
11.5 0.083 15.5 0.0606
12 0.100 16 0.06
X245 04330 16.5 0.0556
13 0.05 17 0.0u66
13a5 0.06 Yig 5 0.0177
iy 0.0189 18 0.0087
14,5 0.023
15 0.7008 20 0.0008
STATION V (1,852 ft)
18 0., 0006
18,5 0.0214%
19 00,0088
20 0.0405
21 0.0264
22 0.0276
23 0.07288
24 N.,0370
25 0.0u41
26 ND.0429
27 05,0169
28 0.,0617
29 0.0148
30 0.0088
31 0.0060
32 0.0074
33 0.0008
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APPENDIX 16

ANALYSIS . OF SAMPLES

TEST: Aud 9. 3.60,

STATION I 0280 Fk+)
Time after
release - Concentration
seconds ppm
0 0.00
15 16,4
30 0.29
b5 0.27
60 0.05
75 0.15
90 0.01
180 0.00
STATION II (1,000 ft.)
270 0.24
300 0.30
315 0.50
330 0.39
3390 0.28
420 0,10
450 0.075
6390 0,00
STATION III (2,750 ft.)
915 0,00
330 0.08
960 0.085
930 4 1y 1,
1020 0,14
1080 0.008"
1102 0.1?
1140 0.19
1185 N.005
*rejected
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