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Rip Corrent Geperation on a Plaae Heuch
D.A. Suriamihardja! and Yoshito Tsuchiya?, Member, ASCE

ABSTRACT: In order to establish a wave-cutrent interaction model for rip currents, a
set of first-order linearized governing equations describing the 2-D searshore
circulationis derived from the equations of nearshore currents by the perturbation
method. Wave refraction induced by the generated currents is fully considered. The
solutions to the field equations of rip  currents both in the surf zone and shoaling zone
are obtained, and expressed in the form of Gaussian hypergeometric functions and
modified Bessel functions, respectiveiy. The matcinng condition of the solutions at the
breaking point determines the spacing of the rip cuerents. Comparison of the computed
rip current spacing, circulation pattern, and rip current discharge, with laboratory and
field data shows a satisfactory agreement especiallyin the so-called instabilityregion of
tie surf similarity parameter.

INTRODUCTION

The change in momentum flux of incoming waves can be described by the offshore
and longshore gradients of the radiation stresses which act as the driving forces in the
nearshore circulation system. Therefore to formulate the driving forces in the
momentum equations for the generation of nearshore currents is of importance
(Dingemans, Radder and De Vriend, 1987). Two main causes of the driving forces
are the so-called wave-current interaction, and structural interaction (Dalrymple and
Lozano, 1978).

The first investigation of nearshore currents as 2-D horizontal circulation generated
by the interaction between the incoming waves and the resulting rip currents was by
Le Blond and Tang (1974), whose theory applies to aplane beach and normally
incident waves. Similar to their work, Twata (1976) developed a theory which assumed
the nonuniformity of bottom friction between surf and shoaling zones. However,
these two theories still failed in obtaining the nondimensional alongshore spacing of tip
corrents as an eigenvalue of the governing equations. Iwara further awempted to find
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currents as an cigenigios of the governirg aquations. Iwae Nurther wzampted o find
an asymptotic solution for both the surf and shoaling zones. Finally, he obtained the
real eigenvalue from the characteristic equation which is derived-by matching
conditions at the breaking point, and found that its valueis a function of a parameter
¢etermined by the bottom friction coefficient, the surf zone width and the breaker
beight.

Mizuguchi (1976) also attemptedto obtainthe eigenvalues from the characteristic
equation without using any approximation such as asymptotic solution as in Iwata's
work, by considering both the uniformity and nonuniformity of the botvom friction.
However, nc eigenvaluewas chtained. He concluded that this failure ocovered duc o
the exclusion of lateral mixing in the governing equation, and because the contribution
of the bottom friction was not sufficient to represent the dissipative effect in the
searshore current. Consequently, he reformulated the bottom friction term to be a
function of the distance from the shoreline, similarto the lateral mixing. Dalrymple and
Lozano (1978) argued that no reason exists to justify this formulation, so that the real
eigenvalue obtained as a function of a parameter proportional to the so-called sutf zone
similarity parameter and inversely proposional to the bottom friction was invalid.

Dalrymple and Lozano (1978) presented two wave-cutrent interaction models. One
was similar to the theory of Le Blond and Tang (1974), in which changes in local
wave length due to cnrrenfs were considered, However, their assumption of an
extremely small refraction sngle, which implied that ne longshore variation in wave
crthogonals was allowed, resulted in no rip-current formation. In the second model,
the wave-current interaction effect was considered through wave refraction due to
current, and the formation of longshore periodic nearshore circulation cells was
calculated numerically. The obtained eigenvalue was a function of a parameter
expressed by the ratio of beach slope to bottom-friction coefficient. The relationship
between the eigenvalue and this parameter showed that the rip-current spacing
increases as the parameter increases and vice-versa. Comparison with the rip current
spacing of Balsillie (1975) obtained by field measurement showed a good agreement
in the region of small values of the parameter, which implied that the theoretical
eigenvalue of Dalrymple and Lozano was partly suitable for the prediction of rip-
cutrent spacings generated by the incidence of infragravity waves, as it was stated by
Balsillie that almost all of the data are catagorized into this type of waves. However,
when compared with the field measurements collected by Sasaki (1977), which were
made in wider regions such as the regions of instability and edge waves, the theoretical
spacing showed a lower value than that of field measurements.

The present study investigates the steady-state nearshore circulation on a plane
beach based on the interaction between normally-incident waves and the resulting rip
currents. A mathematical formulation of the governing field equations for rip currents
on a plane beach is made by means of the wave-current interaction model, including
the formulation of the driving forces. The governing equations of 2-D nearshore
currents on the plane beach are first established by employing the conservation laws
for mass, momentum and wave action. The so-called mild slope equation (MSE),
which is able to calculate wave transformation due to interaction with the nearshore
currents, such as wave refraction, is applied to formulate the driving forcesin the
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generality of the thecsy, the lalersd sriviog terms ave otaitied. Using a perturbation
nethod for a small parameter of beach slope, the field equations of rip currents are
formulated. At the first order of approximation, the field equations of rip currents are
cbtained in both the surf and shoaling zones, where the wave refraction due to currents
15 fully considered. With some additional assumptions, solutions to the field equations
are obtained both in the surf and shoaling zones in terms of the Gaussian
bypergeometricfunction and the modified Bessel function, respectively. The matching
condition for these solutions at the breaking point makes it possibie to determine the
eigenvalues of the characteristicequation of the derived field equations.

iral racnir + rn PV aeh £ LSty £rt-a by *h +
The theoreticalresules of the rip current characteristics such as the rip coment

spacing and flow patterns, are compared with both the previous theoretical results,
{aboratory and field data. The comparison of the theoreticalrip current spacings and
those of field data showed a satisfactory agreement. Current patterns in a nearshore
circulation cell are also calculated numerically through the determination of integration
constants in the stream function based on energy budgeting at the breaking point,
vrhich resulted in a reasonable value of rip discharge, both at laboratory and field
scales.

THE BASIC EQUATIONS OF NEARSHORE CURRENTS

The MSE derived by Kichy (1984) which includes an additional wave energy
dissipation term, 0, W, is employed to formulate the driving forces. The terms in
the MSE of Kirby are as follows: W is the ratio of the wave energy dissipation rate
D to the total wave energy E, € is the wave celerity, C is the group velocity,
vihere both values are assumed to be nearly equal due to the shaliow water
approximation, and D/Di is the Lagrangian derivative. By introducing velocity
potential of linear wavetheory, @ = ¢ exp(~d@t), and ¢ = (ga/i0, )exp (iS),
vihere S is the phase function, into the MSE of Kirby inthe steady state condition,
tae MSE is written as:
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Following lengthy algebraic procedures using the expressions for the radiation
siresses by Dingemans, Radder and De Vriend (1987), and for the depth-integrated
mass transport by Crapper (1984) (see Tsuclnya and Suriamihardja, 1989), the driving
force F; canbe obtained as:
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where ¢ * is ihe complex conjeguse of ¢, Tie firse tern inthe right side of (2) is
the rotational term, and is the contribution from the dissipation of wave energy. The
second is the irrotational term, and the third term describes the interaction between
vrave-induced mass transport and currents. The fourth term represents the additional
effect resulting from the diffraction of waves. Dingemans, Radder and De Vriend
(1987) demonstrated that only these rotational terms are able to generate non-zero
depth-averaged cutrent velocities. For simplicity, the horizontal components of the
gearshore cutrent are assumed to be independent of depth. Therefore the cotiservation
laws to be employed in this study are presented in depth-integrated form (For example,

*hillips, 1966; Daolataand Rosenthal, 1984; and Crapper, 1984). Negleciiig the wave
ciffraction effect and assuming the shallow water condition, the steady state mass and
momentum equations can finally be reduced to

J
5—(pUd)=0 3)
J
3y, 3T D 3S
Ugy, TR="8%5, * pudax
i_(_g_+E8S9U 9U) y
o x ! Zed Mpdr?,r Ax, Ay @

1
where R, = pd(&x (paz,) +f/]} b——pga)q)q)

in which U; are the vertically-averaged hotizontal current velocity components, 7,; are
the lateral mixing terms, 1) isthe mean water level, 0 is the density of water, dis the
water depth, £ is the accelerationof gravity, ¢ is time, x; are the horizontal
coordinates x and y for j= 1 and 2, and f; are the bottom friction coefficients
following Iwata's (1976) formulation in the case of normal incidence and are written as

(5 )0 G0 ==
(5 2J0F s ) o

where Kx =1.41 ¢y / k. k, j*®inwhich k,is the bottom roughness, & is the wave

number and ¥ is the ratio of wave amplitudeto local water depth, and suffix B
scands for the position of wave breaking and indices ¥ and ¥ represent the seaward ¥
and alongshore y directions. The conservation of wave action, which can be derived
directly from (1), and wave number conservation which is equivalent to the
irrotationality condition for wave number, are written as:

13 {E(U +C)¥+g=0; CLRCLE (6)
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THE FIELD EQUATION OF RIP CURRIENT

Perturbation Scheme
Before ordering the equations using the perturbation method, it is convenient to
sondimensionalize them. The water depth d; at the breaking point is selected as the
representative length to facilitatethe nondimensionalization. The process is defined as:

(6,3, 7, d) = dy(" 3", d")  (U,V,C)= Jadp(U,V",C") } -

v ——
- PR . PN Ll S
(a)_.a),_,b.'!g/.is(\o, 62) (k,kx,ky)— AN A0

vrhere an asterisk represents the dimensionless quantities.

The beach slope s 1is selected as a parameter of perturbationin ordering the
equations, and the series expansion, in which asterisks have been dropped for
convenience, are given as:

d=gd, +sC, +s°C,+...) ; a=sa,+sa,+s5a,+...) (8a)

U=s(0+sU, +s°U,+..) : V=s5(0+sV,+s5°V,+..)  (8b)

k =(ky, + 5k, + 5k 4. )i +(u sk, + 57, +..) i (8¢)

@, = 57{ky,Co + 5Ck Co + ky,C )+ 1 S =(S, + 55, + 525, +..)  (8d)

C = s5(dy + G, +5°C, +...Yiyf(tanh kd, ) kd,) (8¢)
Seaward wave Orthogonal

.. ..breakerline

Alongshore

Figure-1 The coordinate system and geometry for nearshore current vectors
U, V, and wave number k.

The Conservation of Wave Number
The normally-incident waves refract due to their interaction with rip currents. This may
mean that the wave number direction intersects the beach obliquely. Therefore, based
on Figure 1 the wave number can be given as:

k =—( lkl cos ) i"(lkl sin@ ) 9

. s v

wheie K| is the magmiude of vedior k. Equation (9) can be expanded with respect to
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the pertutbation prarami2ter 3,  aud ag was menticusd above dhat the group velocity is
to be nearly equal to the wave celerity in the surf zone, it was assumed to be in the
same direction as the wave number vector. Consequently, it can also be expanded by
the perturbation parameter. The conservation equation for the wave number is finally
formulated for each order of the perturbation parameter (see Tsuchiya and
Suriamihardja, 1989) as:

o(s°)s%%i=o
ok, Ok, o P i an
o(s') = T35 (G -U) =~ 5=(V)+ =¥ J

where  X=m{x+x,)=d,; ¥ =my; m=(1+d{,/d%)
m is the slope of mean water level, and x; is the maximum run-up position.

Zeroth-order equations and their solutions
The leading terms of the governing equations produced by the perturbation expansion
are given for the surf zone and shoaling zone, respectively. In the surf zone, the zeroth
crder equations of mom et and wave action canservation are given respectively as:

do[d_co_jzz_ﬁ y dii} ~L(Ec)en =0

dx )@, dx “°dx | A,
In order to solve the above equations, the wave amplituded, in the surf zone is

assumed to be proportional to the local depth to leading order: 4, = Y d, where ¥ is

an empirical constant. This formulation is employed in surf zone models. The wave
energy dissipationterm D is hypothesized as:

D =(5° /4){me% ts (Smdo-;(, 12+d3(3¢,10x )+..... )} (12)

where D, in (11) is equalto (5 y2m /4)d,?
The wave amplitude in the shoaling zone is obtained from the leading order of the
equation of wave action conservation as =B, *d;"*, where B, is an integration

constant. The wave set-up is obtained from (11) (see Tsuchiya and Suriamihardja,
1989) as:

L@ =~{(37")x +x,}m (13)

where m =(1 +-§)/2)_l 3 X, =y2{-§-—%(1 +-§y2)/(1 —%y; )}x,,,and Ys =Box;%
and x,, is the distance from the shoreline to the breaking point.

The first-order equations of rip currents in the surf zone
The mass conservation equation is given from the first equation of (3), considering (8)
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for its expansiou and vsing variabizs deficed from msss coaservaties, of which the
stream function can be defined as follows:

Jd Jd d d
X =0 ; = — = 4
;—v(xU ) ay(xvl) =}(.XU1) ay~(\P)and(xvl) ax~(‘P) (l )
The approximation may be made to the wave dispersion relation, to evalvate . It is
cecessary, of course, to obtain a simple relationbetween C, and {, in orderto veduoe

bigher-order differentation terms. The simple relation can be derived from the
established set of four equatedns. Lx order 10 approxtinale the relation along with the
four equations, however, the x-direction of the first order of momentum equation (4)
can be used by considering the most effective terms, thus:

i 1
C, =g 3¢, =3 (tanh kd , )/(kd ) (15)

if the other non-leading terms are neglected, ¢ may equal to 1/2 which is equivalentto
that of Darlymple and Lozano's approximation. However, based on this
approximation, the value of g mightbe somewhat less than 1/2.

When the horizontal mixing terms remain in (4), the field equation of rip currents
raay become a fourth-order partial differential equation. Without loss of generalityin
the formation of rip catients, as previously ireated in cieoretical approaches to the
formation of rip currents. the horizontal mixing terms are neglected, but the bottom
friction terms are included. By use of the four equations using (15) to replace £ the

first-order equation of momentum can finally be obtained (see Tsuchiya and
Suriamihardja, 1989 for the detailed reduction) as:

w0 B 0)d* ;.\ ' (+29) 0Y)g, .
(0 M;y}y (0 a)8f8y(x€)— 4( 0 quay(x €1) (16)

Jr,a( 92 ) 15 » 72( 20K al}
ZY ax—v[xayZJ— Y(l K)x —SY I+ 7 852

where
c (L. 0t ) s, ~_l__§2 tox 82}
Myy = {47 ai[xayzj P At e P

and {1 3 1 2}. {1+ 13+1)2}. 4K
and o =\l+\groay i BElrlgrga)y s Kegans

By eliminating {, from (16), the first-order field equation of rip currents can finaily
ke obtained as:

(A 9> . 3* d°

Pé?x"2 -0 Ix2ay?
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where P =+ 2 1—'!""' i'}‘!L‘QM—.()+ u—--l'}!J’-l _;:\35 —I)kl—-x‘)

The first-order equation of rip cutrents in the shoaling zone
In the shoaling zone the governing equations differ from the surf zone equations
principally in the wave energy dissipation term and in the formulation of the bottom-
friction stresses. In this zone, the driving forces are presented in irrotational form,
which may be incapable of generating currents of the first order. The remaining terms
in the cross-differentiaied equations criginme from the friction verms. Consequently,
the momentum equations in the shoaling zone piay an important role in the decay of
cutrents produced in the surf zone. As was previously indicated in (14), a stream
function in the shoaling zone can be equally defined. The momentum equationsin the x
and y directions and cross-differentiated momentum equations are given respectively

by
2x 0 d
Az U, 3y, - B __:
o (V1J={l-—g‘ij [ Bt Sita, (18)
M
575 ay
2—82—4-8_2‘ 2 a ¥=0 19
dy? dx? X ox 12

THE SOLUTIONS OF THE FIELD EQUATIONS OF RIP CURRENTS

The solution in the surf zone
The solutions to (17) for the surf zone and (19) for the shoaling zone can be obtained
by means of the method of separation of variables. The stream fuaction ¥ to be

solved for can be expressed by YEF=EE)Y G .Substituting this expression into

(17), the equauon can be transformed into two equauons
1+ —( Y

e (20)
(d_y:? + 2 }'(j’i) =0



3702 COASTAL ENGINEERING 1996

where 4 is the sepueaticn constunt which {5 tas sigesvaiue cotresponding to the
number of rip currents. Introducing the new variable

E= {1+Q(Ax~)2/ﬁ}—l @
into the first equation of (20) yields
[52(1 —5):52 {(a+ 5—1)E+(2—6)§~2}f§—~+ aﬁ]s:(é):o (22)

where  (a,h)= {(5‘/@ ~1)iJ(§/Q—1)2 +4f/Q}/4;6 =(5/Q+ R/ P)

The general solution of this equation can be expressed as a Gaussian hypetgeometric
fonction in the form

B =AEF(al+a-1+a-bE)+ ALPF(b1+6-21+ 6 -a€) )
where A, and A, arethe integration constants to be deterrnined, and the suffix “surf"
rapresents thesurfzone.To solve for regular rip-current spacing as an eigenvalue
problem of the equation, & marimuu: {oind for (L3) must exist in the surf zone. The

solutions should have s finiie value sad ¢ raximum point within 0<§ <1,
This behaviour can be examined through the following conditions:

- e R
] - . — _ ; —= 4
:(é) L':o 0 5 37 -(5 ) L'ss(e'%m)ﬂ 0 Y '(5) L’,,s(;’:g’m)g <0 (29
where B indicates the breaking point. It is also confirmed by numerical calculation,
that for A,=0, the conditions will be fulfilled.

The solution in the shoaling zone
The solution in the shoaling zone can be obtained by solving (19) using the method of
separation of variables. Introducing the new variables

X)) =X TEN) ; F=Axr V2 (25
Equation (19)is reducedto

> 19 9 } N > ).
{axuz Tz —(1+4xv2)<p(x )=0 ; [ay” +2 ¥(y)=0 (26
The solution to (26) can be expressed using modified Bessel functions of the first
and second kinds. By use of (25) the solution can finally be written as

Esho,,(f)=Bliz'1(li\E)+ BZE%K(ME\E) 27

where B, and B, are integrationconstants to be determined, and the suffix "shoal"
represents the shoaling zone. To fulfill the condition that =, ., — O far offshore,
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The boundary conditions and characteristic equation
The eigenvalues can be determined by the matching condition at the breaking point,
that is:
d

-5; ; E‘surf(‘xm) l'

X=p

d _ - - .
= (_:l;::"shoﬂ (x ) = :“shoal (x ) L-‘i\a (28)
=5
where B indicates the breaking point.

The real and positive eigenvalues A which satisfy the matching conditions (28) can

te determined if the sitreava fonctious 1n both  the sorl and chnahno Zones are

e Bt A A58 5 Lo 4] 10 peen Seil AL SLAVAll

clecreasing monotonically in the offshore direction, the characteristic equation is given

ty
F(-8, 6—5;1+&—5;58)_[_{3_] (1-&)/&
Fll-bc-61+a-6¢) (a0 1+2P(1-&,)/08,

By numerical solution of this charactetistic equation, the eigenvalues A can be
cetermined. The eigenvalues A directly correspond to rip spacing along the shore line.

Esurf(x~)

X=Xy

(29)

Determination of tiie imegration constanys in the stieas fusciions

The integration constant of the stream function 4 ,.  in the surf Zone can be
cletermined from the steady-state wave power conservationin the shoaling and surf
zones. The wave energy dissipation rate immediately after breaking is different from
that in the inner region. This is revealed by the different wave-elevation decay rates.
Therefore, the ratio of wave amplitude to local water depth should be taken into
consideration in wave energy budgeting. This difference in the rate of wave energy
¢issipation is responsible for the structure of the nearshore current. Consequently, the
wave power contribution to the generation of the nearshore current initiates at the
treaking point. The change in wave power occurring in the region from just before to
just after the breaking point can be expressed by:

(_l_)"z; L4
27 )\ d, J\d, J\d,, )]
s HECL, + s{2Hy HiCon + Hy2(Cly — Uy 1+ T (30)

Kimura, Goto, and Seyama's (1988) experimental work suggests the condition 7,>7.
Based on this fact, the first-order approximation of (30) is reduced to:

), e ] l(_L)(E_J(L_I
s(y 1} y (Cm Um)x =7%s 2 21 d, d, 31

Using (31), the integrationconstant A, , canimmediatelybe evaluated, and the stream
function ¥ can finally be expressed as

UEY)=AuE F(al+a-61+a-5;€)cos(Ay)
W(xy) = Re{( 1)‘*‘—-——r(f):)ﬁ(ﬂ‘;}w(5,y~) (32)
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rumericaily as:
(Xx~,y~) =i dU(x~,y”) =i (sf)s';'{0+ sUl(x" Y )+ szUz(x”,y~) + } (33)

Theoretical Results And Comparison With Field Data

A theory of the steady nearshore horizontal circulation cells induced by normally-
incident waves on a plane beach has been proposed in this paper. The theoretical
results predict two main characteristics of rip cirrents, i.e. the alongshore spacing and
tihe depth-iitegrated velocity distiibution i the seaward direction. The obiained rip
current spacing is compared with the theoretical curve of Dalrymple and Lozano (1978)
and the field data of Sasaki (1977) and other investigators where the surf similarity of
the waves are categorized into instability region. To compare the theoretical results with
the field data of Sasaki (1977) and other investigators, their values of the parameter g
at the breaking point should be evaluated using their wave characteristics data, and
their values of ¥ should be evaluated using bottom roughness k,, bottom slope s, and
wave length data at the breaking point, then the results are plotted over the theoretical
curves. In the evaluation of k, Kajiura's expression for bottom friction coefficient was
used, as Dalrymple and Lezans uscd and gassumed the botion: roughness as k, = 0.4
ram.

12 W Yr Ajigaura
o Yr Kashima
! @ Yr Scripps
A Yr Isle of Syit
8 -
Yr/xB
) q=0.40
'//,_——-—-—-'r'—' A
' Dairympie & Lozano
0 2 . A . "
0 2 4 6

AD

Figure 2. Theoreticalcurves of dimensionless rip spacing (¥, /xp) in terms of
Dairymple number .4, for g-values of 0.40, 0.45, and 0.50 including
Dalrymple & Lozano's curve (1978) and rearranged field data of rip

currents generated by waves having surf similarity parameter of the
instabilityregion.
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In comparing the results of this study with those of Dalrymple and Lozano, the
parameier x, which has been previousiy defined, is transformed into Dairympie and
l.ozano's number A = 0.4 /x . Figure 2 shows the curve of dimensionless rip spacing
as a function of Dalrymple parameter A, The present curves ( g=0.5, 0.4, and 0.3)
rapidly increase as A, becomes less than 1, while Dalrymple's curve decreases asAj,
goes to 0. The present theoretical results and those of Dalrymple and Lozano differ
particularly at small values of A, In the course of deriving the characteristics equation
in the present eigenvalue problem, the dimensionless rip spacing depends on the values
of k and q. It was defined that g correapoads to wave cllaracieristics and beach slope
s, and K depends on the bottom roughness and wave length at the breaking point.
Therefore, we conclude that the dimensionless rip spacing is determined by incoming
wave characteristics, i.e.wave height H and wave length L, and morphological
characteristics, i.e. beach slope s and bottom surface roughness «..

m3/s : . . .
\\Ereaklng paint

0.2 \
dl £=030
0.15
0.1
o.05t £¥=070
e e e ]
: v
0 10 20 30 40 50 60

Figure 3. Seaward distribution of rip discharge, where beach slope s = 0.05
and dimensionless rip spacings of 3.12 ( x = 0.30), 4.21 ( k¥ = 0.45),
and 7.70 ( ¥ = 0.70) are used.

Figures 3 illustrate the distribution of depth-integrated rip current velocity or
seaward rip discharge as a function of seaward distance. The illustrations have
dimensionless rip spacings of 7.70, 4.21, and 3.12, a beach slope of 0.05, and g of
0.50.The breaking point is located at 20 meters from run-up line. By using ¥, of 0.50,

the numerical value of A« gives values of rip discharges with reasonable values at
both laboratory and field scales.
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CONCLUSIONS

In this study a new mathematical model for steady-state horizontal nearshore
circulation has been developed, in which the wave-current interaction is taken into
consideration. The basic equations consist of the depth-integrated equations for
conservation of mass, momentum, wave action, and wave number. The wave-current
interactionincludes not only wave refraction due to currents but also the work done by
radiation stresses against the mean current.

The basic equations are decomposed into the leading order and the instability order
using the beachslope as a pertubuiicn paraueter. The leading crder gave the solution
for wave set-up in the surf zone and wave set-down in the shoaling zone. The
instability order gave linearized field equations of nearshore currents. It is found that
the nearshore circulations were generated by the rotational driving forces in the
rnomentum equation. The solutions were characterized by boundary conditions at a
shore line, a breaking line, and far offshore. In the surf zone, the solution was
represented by the Gaussian hypergeometric function. In the shoaling zone, the
solution was represented by the modified Bessel function. The eigenvalues which
correspond to the dimensionless rip spacing are obtained from the characteristics
equation extracted from the matching condition at the breaking point.

The present theoreticai results for the dimensioniess rip spacing were consistent
with the scatter of the fieid daia of Sasaki in terms of surf similarity parameter of the
region of instsbility. The curves suddenly increase in the range A;, < 1.0, and tend to
be a constant value for larger values of A,. The field data on dimensionless rip

spacings caused by infragravity waves are difficult to predict by this theory. Outside
of this range, the theory gives reasonable predictions for rip spacing caused by wave-
current interactions.

Rip discharge is illustrated with exact numerical values, using an integration
constant which is obtained from energy budgeting at the breaking point. This
budgeting was applied at the suggestion of Kimura et.al, that the wave energy
dissipation rate immediately after breaking is larger than the dissipation rate in the
inner region. The resulting value is within the range of data at both laboratory and
field scales.
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