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1. Longshore current distribution on a bar-trough beach
— Field measurements at HORF and numerical model —

Yoshiaki Kurivama *
Yasushi Ozax1 **

Synopsis

Field measurements of longshore current have been carried out at Hazaki
Oceanographical Research Facility (HORF) when waves broke over bars. A float was used
for the measurements; the measurement method with the float is confirmed to be useful by
the calibrations with an electromagnetic current meter. Eighty-five percent of the
measured longshore current distributions have peak velocities in the onshore sides of the
bar crests.

A numerical model for nearshore current in the surf zone is developed with the
consideration of the momentum fluxes due to mass transport under bores, broken waves.
This mode] consists of two models, a wave height transformation model for directional
random waves and a nearshore current model. The significant wave heights calculated by
the present model agree well with the measured ones. The Jongshore current velocity
distributions over the bars and the troughs calculated by the present model, of which each
has a peak velocity in the onshore side of the bar crest, agree with the measured ones,
while the distributions calculated by a previous model disagree with the measured opes.

Key Words: Longshore current, Nearshore current, Field measurement, Numerical model,
Longshore bar, Bar- trough beach
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Photograph 1 Aerial view of Hazaki Oceanographical Research
Facility (HORF).
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and protractor for the measurement of nearshore
current.
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Photograph 4 Measuring nearshore current
velocity.

Photograph 5 Measuring nearshore current Photograph 6 Measuring the transport direction
velocity. of the float.
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1. Intreduction

In recent years, cross-shore distributions of longshore current on barred beaches have been
investigated; barred beaches are observed in the field more frequently, especially after storms, than
planar beaches. Whitford and Thornton (1988) measured a distribution that has a peak velocity in the
offshore side of a bar crest in the field. Allender and Ditmars (1981) and Greenwood and Sherman
{1986) measured not only this type of distribution but also the other type of distribution that has a peak
velocity in the onshore side of a bar crest, The latter distribution was also measured by Church and
Thornton (1992).

Although these two types of the longshore current distribution on a barred beach were shown
through the investigations, the frequencies of the two distributions were not discussed owing to the
limited data of longshore current distributions on barred beaches. One objective of this paper is to
discuss the characteristics of longshore current distributions on barred beaches on the basis of
abundant field data. For this purpose, we have carried out field measurements of longshore current
distributions on a barred beach during four years by using a pier.

The other ohjective of this paper is to develop a numerical model for nearshore current in the surf
zone that includes the momentum fluxes due to mass transport under bores, broken waves. In the one-
dimensional models for longshore current proposed by Ebersole and Dalrymple (1980), and
Larson and Kraus (1991}, the driving force of the longshore current is the cross-shore gradient of the
radiation stress. This gradient is largest in the offshore side of a bar crest owing to the large dissipation
of wave energy due to wave breaking. Thus the fongshore current distribution derived by them is the
former one, which has a peak velocity in the offshore side of a bar crest. The latter distribution, which
has a peak velocity in the onshore side of a bar crest, is not generated by their one-dimensional
models.

Symonds and Huntley (komer,1983) and Allender and Ditmars (1981) suspected that the longshore
gradient of wave setup causes the latter distribution. We, however, sometimes observed the latter
distribution from a pier when no rip currents were observed around the pier; no rip currents probably
indicate that the longshore gradient of the wave setup is very small. These observations suggest
another generation mechanism of the latter distribution. Therefore we pay attention to the
development and decay of bores over a bar and a trough as a generation mechanism of the latter
distribution, and develop a numerical model for nearshore current that includes the momentum fluxes
due to mass transport under bores, which are not included in a previous model for nearshore current.
The longshore current velocities calculated by the present model are compared with the measured ones
and the values calculated by a previous model.

2. Quiline of field measurements

2.1 Measurement site and method

Field measuremnents have been carried out during four years commencing on January 5, 1987, at
the Hazaki Oceanographical Research Facility (HORF). The HORF is the pier of 427m long and 6.9m
above the low water level, which faces to the Pacific Ocean as shown in Figure 1. Photograph 1
shows an aerial view of the HORF.

Figure 2 shows the side view of the HORF and the mean profile during the four years. Short
vertical lines on the beach profile indicate the standard deviations of the beach profile changes. The
horizontal axis expresses the offshore distance. The cross-shore location is defined according to this
coordinate; for example, the expression of "P145m" indicates the location where the offshore distance

_..7._.
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Figure 2 Side view of the HORF, mean profile during the four years and measurement points.

is equal to 145m. The mean beach slope along the HORF is about 1/60. A trough is frequently formed
in the area between P190m and P220m, and a bar crest is often located near P300m. The arrows
indicate the measurement points of longshore current, and those with "USW" also indicate the
locations of ultrasonic wave gages.

A spherical float having a diameter of 0.2m as shown in Figure 3, which is the orange one in
Photograph 2, was used in the measurements. We measured nearshore current velocities at 1m below
the water surface to avoid the effects of winds and waves. Thus the density of the float was adjusted to

_8_
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Figure 3 Float for measurements. Figure 4 Definition sketch of co-ordinate system.

be a little larger than that of sea water. The float was connected with an identification buoy by 1m
long rope as shown in Figure 3 and in Photograph 2. The length of the rope was adequately shortened
when mean water depth is small.

In the measurements, the float attached to a 30m line was released from the HORF as shown in
Photograph 3, and the time for full extension of the line was measured with a stopwatch as shown in
Photographs 4 and 5. The current velocity was calculated with the time and the length of the line. The
transport direction of the float due to nearshore current was observed with a protractor as shown in
Photograph 6. At each point, nearshore currents were measured three times.

It takes about 90 minutes to measure the nearshore currents along the HORF. The mean breaking
positions and the breaking wave directions were observed visually.

The beach profiles from POm to the tip of the HORF were measured every Sm with a Skg lead
weight, and those in the onshore side of POm were measured with a level and a staff, Water surface
elevations at seven points were measured for twenty minutes every hour at a sampling frequency of
2Hz with the ultrasonic wave gages; the location are shown in Figure2,

Figure 4 shows the co-ordinate system used in this paper. The positive directions of x-axis and y-
axis are southward and seaward, respectively. The vertical axis extends upwards. Elevations are
relative to the datum level in Hasaki. The wave direction is defined relative to the shoreward direction
and positive in counterclockwise.

2.2 Calibration of the measurement method

Longshore current velocities measured with the float are compared with those measured with an
electromagnetic current meter to check the accuracy of the measurement method with the float. The
electromagnetic current meter was installed in the sea at P145m by using a ladder as shown in Figure
5. When the distance between the sensor of the current meter and the mean water level was about 1m,
longshore current velocities were measured with the float and with the current meter simultaneously.

Figure 6 shows the relationship between the longshore components of the nearshore current
velocities measured with the float, UpLoar, and those measured with the current meter, Usmc; triangles
show the data obtained when the longshore components of the wind velocities were over +8m/s.
Although the velocities measured with the float are larger than those measured with the carrent meter,
there is very strong correlation between them. Furthermore, the effects of winds to the measured

._9_._
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velocities with the float were small. Through this calibration, this simple method with the float was
confirmed to be useful for the measurement of longshore current velocity. Even though the field
measurement with this method is simple, easy and reliable, it is very hard on a cold and rainy day in
winter.

The relationship between Ugmc and Uproar is expressed as
Ugace = 0.81 Urroar. (1)

In the following analysis, the values of Ugpeare used,

We suppose that the reason why the velocities measured with the float are larger than those
measured with the current meter is the effect of waves to the identification buoy. The identification
buoy is easily transported in the direction of wave propagation by waves because the buoy is on the
water surface, where the mass flux due to waves is concentrated. The float is consequently transported
in the same direction. The longshore direction of the wave propagation usually agrees with the

direction of the longshore current. Thus the velocities measured with the float are larger than those
measured with the current meter.

3. Location of a peak velocity of the longshore current over a bar and a trough

‘We investigate the longshore current distributions measured when bars and troughs were formed
and waves broke over the bars, When a wave height or an incident wave angle is small, the nearshore
current is usually small and is easily affected by the longshore topographic inhomogeneities. Thus the
data of which peak longshore current velocities over bars and troughs are below 0.25m/s are
eliminated. Consequently fifty-two longshore current distributions are selected for the following
analysis.

The frequency distributions of significant wave height, Hy, significant wave peried, Tp, wave
steepness, Ho/Lo, and absolute value of incident wave angle, & up, at the fifty-two measurements are
shown in Figures 7(1) to 7(4), respectively. The values of Hp and Tp are those at the water depth of
23.4m, and are calculated from the field data obtained with the ultrasonic wave gage at the water depth
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of 23.4m; the location of the gage is shown in Figure 1. The value of HyLy is calculated with the
values of Hp and Tp. The value of @ sp is that measured visually at the tip of the HORF. The ranges of
Hy and Ty are from 1m to 3.6m, and from 35s to 13s; the mean values of Hy and Tp are 1.9m and 7.7s.
Accordingly the range and the mean value of Hy/lp are from 0.007 to 0.04, and 0.022. The absolute
value of @, varies from 0" to 30", We consider that an incident wave angle visually observed has an
error of about 5. Thus a longshore current velocity over 0.25m/s was measured even though G,
was equal to zero; the real incident wave angle is not supposed to have been zero,

Figures 8(1) and 8(2) show the relationships between the offshore distance of the bar crest, ye.r, and
that of the trough, Ywoug and between the water depth at the bar crest, hss, and that at the trough,
Hirongn, with their frequency distributions. The bar crests are formed around P290m, while the troughs
are formed around P220m. The values of e, and fuouen range from 2.4m to 4.5m, and from 3.7m 1o
6.0m, respectively; the mean values of fipy and Biougr are 3.4m and 4.7m.

The relationship between the peak longshore current velocity in the area from the tip of the HORF
to the trough, Upea, and the mean longshore current velocity in the area, L., is shown in Figure 9
with their frequency distributions. The differences between Upea and Usy. are mainly from 0.05m/s to
0.25m/s. While the values of U are widely distributed from 0.25m/s to 1.1m/s, most of the values
are below 0.6my/s.
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Figure 9. Relationship between Uy, and Upea, and their distributions.

The fifty-two distributions measured at the HORF are classified into two groups from the view
point of the location of a peak velocity of the longshore current over a bar and a trough. A distribution
in one group has a peak velocity in the onshore side of a bar crest, and that in the other group has a
peak velocity in the offshore side of a bar crest.

Three examples of the longshore current distributions are shown. Two examples belong to the
former group, and one example belongs to the latter one. Figure 1¢4(1) shows a distribution that has a
peak velocity in the onshore side of a bar crest; the signs of the longshore current velocities are
changed from minus to plus in this figure. This distribution was measured on March 28, 1989.
Horizontal arrows indicate the breaker zones. A vertical arrow indicates the location of the peak
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velocity over the bar and the trough. Waves broke over the bar, reformed over the trough and broke
again around P145m. The longshore current velocity increases onshoreward in the offshore side of the
bar crest. After reaching maximum slightly onshoreward of the bar crest, the longshore current
velocity decreases onshoreward. The velocity increases again in the secondary surf zone.

Another example of the distribution that has a peak velocity in the onshore side of a bar crest is
shown in Figure 10(2). This distribution was measured on November 28, 1987. Waves broke not only
in the offshore side of the bar crest but also in the onshore side. After reforming over the trough,
waves broke again between P140m and P80m. The longshore current velocity increases slightly in the
onshore side of the bar crest, and reaches maximum at the trough. From P220m to P190m, the velocity
decreases, and increases again in the secondary breaker zone between P140m and P8Om.

(| Ho= 2.60m
To= 8.868 !

G tip ="15°

Longshore current
velocity (n/s)

Warter
depth (m)
(oo 1o BS . T IR

0 00 200 300 400
Offshore Distance (m)

Figure 10(1) Longshore current distribution and beach profile on March 28, 1989.
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Figure 10{2} Longshore current distribution and beach profile on November 28, 1987.



Longshore current distribution on a bar-trough beach - Field measurements at HORF and numerical model -

Longshore current
velocity (n/s)
[ 1]

Wartep
depth {m)
Y s D

0 100

200 300 400

Of fshore Distance (m)
Figure 10(3) Longshore current distribution and beach profile on May 12, 1989.

Figure 10(3) shows the example of the longshore current distribution that has a peak velocity in the
offshore side of a bar crest. The distribution was measured on May 12, 1989. After breaking over the
bar, waves reformed over the trough and broke again around P140m. The longshore current velocity
increases from P380m to P350m. After reaching peak at P350m, the longshore current velocity
gradually decreases onshoreward over the bar and the trough. The velocity increases again in the

secondary breaker zone.

The relationship between yp,r and the offshore distance of the location of the peak longshore
velocity over the bar and the trough, Ypea is shown in Figure 11(1) with their frequency distributions.
While the values of ynr are concentrated in the area from P280m to P320m, the values of Vpeu are
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widely distributed from P180m to P340m,

Figure 11(2) shows the frequency distribution of the offshoreward distance from yiar 10 ¥peak- When
the value of Yaur - Ypeat i plus, the peak velocity is located in the offshore side of a bar crest. Although
each of the longshore current distributions calculated by the one-dimensional models has a peak
velocity in the offshore side of the bar crest (Ebersole and Dalrymple, 1980; Symonds and Huntley,
(komar,1983); Larson and Kraus, 1991}, 85 percent of the distributions measured at the HORF have
peak velocities in the onshore sides of the bar crests.

We consider that momentum fluxes due to mass transport under bores are significant for a
longshore current distribution in the surf zone; the fiuxes are not considered in the cne-dimensional
models for longshore current and in a previous model for nearshore current. In the next chapter, a new
maodel that contains the momentum fluxes due to mass transport under bores is developed.

4. Model for nearshore eurrent in the surf zone

The new model consists of two computational distinct numerical models, a wave height
transformation model and a nearshore current model.
4.1 Wave height transformation model
The basic equation and the procedure of the present model for wave height transformation are based
on those of the transformation model for directional random waves proposed by Takayama et al.
(1991). Equation (2) expresses the energy equation of a wave component.
2DV, 8D,V,)
odx dy
D=S{f,0)8f80,
Vi=Cgsinfl , V,=Cycos 0,

ADVe) o .
t=—%5¢ ~ D

> (2)

C 2|
V0=?g (—cos 8%‘5‘ —sin 6"3"5“ Y,

where D is the wave energy, S is the directional wave spectral density, ¢ f is the frequency band
width, 86 is the directional band width, C, is the group velocity, @ is the wave direction, C'is the
celerity, and D'is the wave energy dissipation rate.

Takayama et al. (1991) introduced a wave energy dissipation term into the Karlsson's model
{1969), which is based on the balance of wave energy. Wave dissipation rate calculated by their model
is proportional to the beach slope. Thus the calculated wave dissipation rate on a bar crest, where the
beach slope is equal to zero, is equal to zero. However, wave energy is dissipated even on a bar crest
in the field because waves break on the bar crest. Therefore their wave dissipation term is not adopted
for the calculation of the wave transformation over a bar.

Dally et al. (1985) proposed a wave energy dissipation term for one-dimensional monochromatic
waves. Because the calculation with their wave dissipation term can represent the wave height
stabilization in a uniform depth, the term is suitable for the calculation of the wave transformation
over a bar and a trough. Therefore we introduce the wave energy dissipation term proposed by Dally
et al. (1985) in the present model after improving it.

Equation (3) expresses their wave energy dissipation term for one-dimensional monochromatic
waves.

3EC) _ K o o
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where E is the wave energy, C;'is the group velocity of the wave, K'is a dimensionless coefficient, b
is the water depth, and E; is the wave energy where the wave height is stable after wave breaking. The
stable wave height, H,, is expressed as Eq.(4) with a dimensionless coefficient, 1™

He=I""h, (4)
Modifications of Eqgs. (3) and (4) yield Eqs. (5) and (6) for directional random waves.

a(Dst) - a{szfy) + a(DSVO) :M_K_ _‘ES_
ox 3y 3 ) *'E

(DCy—D Cy),
(5)

1
Es=_1€ eg&(Hys)i,

(Hijgde=T" - h, (6)

where (Hys); is the stable significant wave height and I” is a dimensionless coefficient.

Although Dally et al. (1985) assumed that K and I' are constant, wave energy dissipation in the
surf zone is affected by the beach slope as they mentioned. Because beach slopes vary widely from
1/10 to -1/10 along the HORF, we assume that K and I" are the functions of the beach slope, tan 2,
and express them with Egs.(7) and (8). These functions are obtained on the basis of the calculations of
the wave height transformation in the surf zone for offshore wave steepness of 0.02 by Goda (1975).

K=1.7-10°", (7)
a=—0.857log {1/tan #)+0.219,
I=—0.14logyy (1/tan #) +0.56. (8)

A significant wave height, Hz, and a principal wave direction, & p, are calculated by

Hypz = 4.0f mo,
mo=f [ Ddods |
0,=" [ 0-D.d0df/mo. (10)

4.2 Nearshore current model
a, Basic equations with momentum fluxes due to mass transport under bores in the surf zone

Mass transport due to waves is usually neglected in a previous model for nearshore current because
the effect of the mass flux calculated with a formula for unbroken waves to nearshore current is smatl
(Yamaguchi et al., 1983). However, a mass flux due to bores in the surf zone is several times of that
calculated with the formula for unbreaken waves (Nadaoka and Kondoh, 1982). It means that a
momenturn flux due to mass transport under bores is much greater than that under unbroken waves
because the momentum flux is proportional to the square of the mass transport velocity. Therefore we
consider the momentum fluxes due to mass transport under bores are significant for a longshore
current distribution, and introduce them into a previous model.

The basic equations of a typical previous model for nearshore current (see, e.g., Nishimura, 1988)
are expressed as

8y , 8ry)U 8heq)V _, an
9t ox Dy o
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au .2l 27
I Uw+V———+Fx Ly+Rx+g—a—;€ =0,

a8V vV oV 2%
TS Uax L v 3y +F,— Ly+JRy+ga =0,

y (12)

Rx= RJ:=

1 58 98y 88, . 85,
p(h+ﬁ) ox * Oy ) h+77) ( + ay )

L= 5 (505 (< 55). L5 55 ) 155 (= 55

where 7 is the elevation of the mean water level, ¢ is the time, and U and V are the depth and time-
averaged velocities in x-direction and y-direction, respectively. The values of F; and F, are the bottom
friction terms, L,and L, are the lateral mixing terms, p is the density of the sea water, Sy, Sxy and Sy,
are the radiation stress components, and ¢ is a lateral mixing coefficient. Subscripts x and y denote
the values in x-direction and y-direction, respectively.

e]

T

77 77777

Figure 12 Definition sketch of the vertical distribution of the cross-shore
velocity in the surf zone by Svendsen (1984).

To calculate the momentum fluxes due to mass transport under bores, we utilize the assumption of
the vertical distribution of the cross-shore velocity in the surf zone in a steady two-dimensional
situation proposed by Svendsen (1984); his assumption is shown in Figure 12. He assumed that the
water near the surface is transposed onshoreward with the thickness of a bore, e, at the speed of wave
celerity, -C, and that the return flow at the velocity of V. exists below the onshoreward current.

Now we focus on the cross-shore flux of the longshore momentum in the surf zone, M,. First, we
assume that the mass of water transported onshoreward near the water surface returns offshoreward
only through the return flow. This assumption is expressed as

fdyjr V. (z)cos 8 ydz+ Vi (di+h)=0, (13)

where T is the wave period, 7 is the elevation of the water surface, d, is the elevation of the wave
trough, Vi(z) is the time-averaged velocity in the wave direction at the elevation of 2 over the wave
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trough, V; is the depth and time-averaged cross-shore velocity between the wave trough and the
bottom. The value of V,(z) is equal to -C in a bore, and is equal to V, below the bore. The value of V)
is equal to Vicos § p.

If the absolute value of the longshore momentum transported onshoreward in a bore is equal to that
transported offshoreward below the bore, bores do not affect the cross-shore flux of the longshore
momentum. However, the absolute value of the longshore momentum transported onshoreward is
larger than that transported offshoreward owing to the oblique propagation of bores. Thus the cross-
shore flux of the longshore momentum in the surf zone is affected by bores.

The cross-shore flux of the longshore momentum in the surf zone, M,,, is expressed as

M= —%f:f;r [U+(Vy (@) 4vm (2)cos o t)sin 8 5l -
fV+(V,. (2} +v (2)cos o t) cos 8 pl] dzdt

T dtr
+ ‘2'0“1‘ fo f_h [(Utvm (2)eos o tein 8 p) -
(V4+Vit+vm (2)cos o tsin & p) Jdzdt, (14)

where vy,(z) is the maximum orbital velocity atz and ¢ is the angular frequency.
Eguation (14) becomes

Ma=Lef 1 [ 0vae of  vvas
+ f CZ U-Vu(z)costpdz +fj:rU-ngz

I
+ vh (z)cos* ¢ Esin 6 pcos 8 pdz
d!r

dr .
+f_,: vk (2)cos® o tsind peos 8 pdz

+I;‘f(Vu2(Z)+V'Vu(Z) ) sin 8 pcos & pdzl dt . (15)

The first term and the second term in the right-hand side of Eq.(15) is included in the previous
model. The sum of the third term and the fourth term in the right-hand side is equal to zero because the
mass of water transported onshoreward near the water surface returns offshoreward only through the
return flow. The sumn of the fifth term and sixth term expresses the radiation stress, which is included
in the previous model. The seventh term expresses the cross-shore flux of the longshore momentum
due to mass transport under bores, My, When we assume that the return flow over the wave trough is
negligible, the value of Mj; is expressed as Eq.(16) with the introduction of the fraction of breaking
waves, Pp.

Myi=Py-e-(—Ccos 8 ;+V)-Csinf,. (16)

The thickness of a bore, e, is expressed as Eq.(17) by Svendsen (1984).
e= Ca H2[L, {17)
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where Cj is called as the surface roller area parameter, H is the wave height and L is the wave length.
The cross-shore flux of the cross-shore momentum due to mass transport under bores, My, and the
longshore flux of the longshore momentum, Mps, are obtained as the value My; these are described by

Mps=Psre-Cocos® @ p+(d+h)-VE,  (18)
Mys=Py-e- (Csin @ ,+217) - Csin @, (19)

The value of V;is expressed as Eq.(20), which is derived by Kuriyama(1991) on the basis of the
Svendsen's model {1984).

Hi
hTis

vi=( C %er,, O - ) cos 0. (20)

Finaliy, the horizontal momentum equation in the present model for nearshore current, which
contains the momentum fluxes due to mass transport under bores, is represented by

S G P LRy ST +Mo=0, 1

%H’J%V 8 y+Ry+g_a_7_+My y {21
_ I / 8Mps . DM _ aMb; 3 My

M= — 5 \"ox 8y> M= p(h+17 ( T oy ).

b. Fraction of breaking waves

We assume that the fraction of breaking waves is a function of wave height-water depth ratio as
Thornton and Guza did (1983), and represent it by Eq.(22) with a dimensionless coefficient, v . The
value of y is the wave height-water depth ratio that is constant in the surf zone; we consider it is the
value where all waves are broken.

Py= {Hys/(y - )Y (22)

Thornton and Guza (1983) omitted the effect of the beach slope to the fraction of breaking waves.
We, however, introduce the effect into the calculation of ¢ because the wave energy dissipation in the
surf zone is affected by the beach slope. The value of ¥ is determined on the basis of the calculations
of the wave height in the surf zone for offshore wave steepness of 0.02 by Goda (1975); the value of
v is expressed as

y =0.68exp{4. 2tan ). (23)

While bores are generated and developed in the offshore side of a bar crest, those bores decay in the
onshore side of the bar crest. The bores, however, are visually observed not to start decaying from the
bar crest. Table 1 represents the onshore limits of breaker zones over bars, locations of the bar crests,
the fractions of breaking waves on the bar crests and the onshore limits of bore propagation, which are
the results of the visual observations conducted on November 2, 1991 and on February 26, 1992. The
beach profiles over the bars and the troughs on November 2, 1991, and on February 26, 1992, are
shown in Figure 13(1) and 13(2). Waves broke even in the onshore sides of the bar crests.
Consequently bores propagated without decaying from the bar crests at the distances between 10m and
30m. Thus Eq.(22) is not adopted for the calculation of Py in the onshore side of a bar crest,

Therefore we assume that the fraction of breaking waves in the onshore side of a bar crest decreases
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Table 1 Breaking wave conditions over the bars on November 2. 1991 and on February 26, 1992.

Measurement Onshore limit i.ocation of Fraction of Onshore limis
time of breaker zone bar crest breaking wavey of bore propa-
over bar on bar crest gation
Nov, 2 ,1991
9:20 P350m P380m 3% P310m
11:15 P350m P380m 58% P310m
13:25 P350m P380m 49% P310m
15:15 P345m P380m 49% P320m
Feb.26,1992
9:40 P380m P360m 34% PZ90m
11:45 P3350m P360m 0450 P290m
13:45 P350m P360m 73% P290m
0 T 4 O F i
= =
o2 2
= =
et _4 - i s "4 ]
as as
% =
3 -6t 9 -6y

Offshore Distance (m)
Pigure 13(1) Beach profile on November 2, 1991,

Of fshore Distance (m)
Figure 13(2) Beach profile on February 26, 1992.

onshoreward proportionally with the square of the offshore distance from the bar crest. The value of P,
in the onshore side of a bar crest is assumed to be given by Eq.(24); the coefficients of Eq.(24) is
determined on the basis of the figures in Table 1.

Py= (Pb)barmo-014 : (}'mybar+1o)2, (24}

where (Pp)sr is the fraction of breaking waves at the bar crest. The units of y and yp, in Eq.(24) are
meter.
¢. Surface roller area parameter

Svendsen (1984) treated the surface roller area parameter as a constant value of 0.9 on the basis of
the Duncan's experimental data for breaking waves behind a hydrofoil. Okayasu et al. (1988) showed
that the return flow velocities calculated with the value of 2.4 as the parameter agreed with the
experimental data. Shimizu et al. (1992) obtained the values between 4 and 7 as the parameter on the
basis of the field data. Kuriyama (1991) showed that the surface roller area parameter decreases from
4 to 2 onshoreward from the averaged wave breaking position, and suspected that the parameter
decreases according to the decay of bores.
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In a trough, the thickness of a bore is visually observed to decrease as the bore propagates with

decaying. Thus we assume that the surface roller area parameter changes according to the
development and decay of a bore as shown in Figure 14.

The development and decay of a bore is assumed to be proportional to the fraction of wave
breaking; the maximum value of Ca is defined to be 4 on the basis of the field data obtained by
Kuriyama (1991). Finally, the surface roller area parameter is expressed as

Ca=4.0 - Py, {25)

Cy

Onshore Offshore

Bore area

1]l

Bar

Trough

Figure 14 Definition sketch of the variations of thickness of bores and surface roller area parameter, Cy,

d. Radiation stress, bottom shear stress and lateral mixing

Radiation stresses of directional random waves are calculated by Eq.(26) proposed by
Yamaguchi(1988).

Se=f [ pg(wsmzm(%m_é_)wsdadﬁ

Say= yx"f f gw cos 0 sin 8 D, d # df, r (26)

w [ 72 C C 1
Syy:fo fiﬂng{?gcoszg+(~6g.—w§u)|ngﬁdf. }

Equation (27), which was proposed by Nishimura(1982), is used for the calculation of bottom shear
stresses, Fi and Fy. The value of 0.005 are used as the friction coefficient, Cr; the value of 0.005 was
obtained on the basis of the longshore current velocities and wave heights in the field with the
previous model (Kurivama et al., 1992).
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wy® wy
F= pCf{(W‘i'mW“'S]nzgp)U—W sin 8 peos 8,V ), \
2 2
Fy=pCy Iw—v; sin 4 peos 8 ,U—{W+ u;; cos? 4 ,} V1,
W= U2+ V20242 (Usin 6 ,— Vieos 6 p) we > {27)

+ »/U2+V"’+w§+2(Usin 8 p—Vcos 8 pws }/ 2,

x  Hys

w2 o Eh) /1y v h) == s

]

The lateral mixing coeefficient proposed by Battjes(1975) is used in the present model. This
coefficient is given by

e =Mh (‘D7 e , (28}

where D is the total wave energy dissipation rate and M is a dimensionless coefficient.

Lateral mixing is probably related to the turbulence in the water; the turbulence due to broken
waves is much larger than that due to unbroken waves. Although the lateral mixing coefficient
proposed by Longuet-Higgins (1970) is widely used, he did not consider wave breaking, Thus the
coefficient proposed by Longuet-Higgins is considered to indicate the upper limit as Battjes mentioned
(1973). In a trough, the actual rate of lateral mixing must be much smaller than that calculated with the
coefficient proposed by Longuet-Higgins. On the contrary, the lateral mixing rate calculated with the
coefficient proposed by Battjes probably agrees with the actual values because the coefficient
proposed by Batijes is based on the wave energy dissipation by wave breaking. Thus we adopt the
lateral mixing coefficient proposed by Battjes in the present model.

Nearshore currents are calculated with M=2, 5 and 10, and are compared with the measured values

because the dimensionless coefficient, M, is not thoroughly investigated, and optimal M for nearshore
current is unknown.

5. Model comparisons with measurements

5.1 Calculation conditions
Nearshore currents on March 24, 28 and April 4, 1989, are selected for the comparisons of the
longshore current velocities calculated by the present model and by the previous model with the
measured values, The reasons are as follows:
{a) Bars and troughs were formed.
(b) Waves broke over the bars.
(c)} Topographic survey around the HORF, which has been carried out once or twice a year, was
conducted on March 31, 1989. Beach profile changes between March 24 and April 4 were small.
Figure 15 shows the topographic map on March 31, 1989. Figure 16 shows the beach profile along
the HORF and the mean beach profile in the region between 100m and 300m from the HORF. The
thick solid line and the thin solid line with short vertical lines indicate the beach profile along the
HORF and the mean beach profile, respectively. The short vertical lines indicate the standard
deviations of the beach profiles in the region between 100m to 300m from the HORF. The location of
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Figure 15 Topographic map on March 31, 1989.
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Figure 16 Beach profile along the HORF and mean beach profile
in the region between 100m to 300m from the HORF.

the bar crest, the water depth at the bar crest and the location of the trough of the beach profile along
the HORF agree with those of the mean beach profile although scours have occurred around the tip of
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the HORF and P200m, where bridge piers are concentrated.
The calculation areas extend from the shorelines to y=650m, and from x=-320m to x=320m.
a. Wave height transformation

The grid distances in x-direction and y-direction are 10m. The numbers of frequency components
and directional components are 10 and 35, respectively.

Wave heights, (Fy5)es, wave periods, (Tis)os principal wave directions, ( 8 ,)es, and spreading
parameters, (Smax)os, at the offshore boundaries are listed in Table 2. The values of (His)on are
calculated on the basis of the field data at the water depth of 23.4m. The values of {Ti3)06 are equal to
the values at the water depth of 23.4m. The principal wave directions, (£ plobs are calculated from the
visual observations at the tip of the HORF with the graph of the wave direction of random waves due
to refraction by Geda and Suzuki (1975). The spreading parameters in deep water are assumed 1o be

10; the values of (Spux)os are calculated with the graph of spreading parameter in shallow water by
Goda and Suzuki (1975).

Table 2 Offshore boundary conditions.

e | He | Tel® | Ot | Snode
March 24 3,20 11.20 —20.0 90
March 28 3.00 8.86 —25.0 40
April 4 2.03 8.40 —10.0 45

The Bretschneider-Mitsuyasu frequency spectrum and the Mitsuyasu-type spreading function are
given at the offshore boundaries. _

A beach slope below 1/100 and that over 1/10 are replaced by 1/100 and 1/10, respectively,
because Eqs.(7) and (8) are valid for the beach slope from 1/100 to 1/10,
b. Nearshore current

The nearshore currents in the surf zone are calculated by the ADI (Alternating Direction Implicit)
method (see, e.g., Horie et al., 1977; Nishimura, 1988). The grid distances in x-direction and y-
direction are 10m, which are the same values in the wave transformation calculation. The time step is
0.4s. The number of the iterations is determined to be 4000,

The nearshore current velocities are assumed to be equal to zero at the offshore boundaries and at
the shorelines. The nearshore current velocities and the mean water levels at the side boundaries are
assumed to be equal to the values at internal grid points next to the side boundaries.

The longshore flux of the longshore momentum, M,s, is neglected in the calculations of the
nearshore currents on March 24, 28 and April 4 because the nearshore currents preliminarily
calculated by the previous model are almost uniform alongshore.

5.2 Wave height

Figures 17(1) to 17(3) show the predicted significant wave heights and the values measured at the
HORF on March 24, 28 and April 4, respectively. The solid lines show the values predicted by the
present model. The closed circles show the values measured before and after the measurements of
longshore currents. The predicted values agree well with the measured values except for the data near
the shorelines on March 28 and on April 4 .

The cause of the small disagreement of the measured values and the calculated values near the
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Figure 17(1) Comparison of significant wave heights calculated by the

present model with the measured values on March 24, 1989.
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Figure 17(2) Comparison of significant wave heights calculated by the
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Figure 17(3) Comparison of significant wave heights calculated by the
present model with the measured values on April 4, 1989.
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shorelines is supposed to be wave setup and infragravity waves. When an offshore wave height is
large, the amount of wave setup and the infragravity wave height are large near the shoreline; these
phenomena were observed at the HORF by Yanagishima and Katoh (1990) and by Nakarmura et al.
(1992). Infragravity waves and wave setup, however, are not taken into account in the present model.
The disregards of the two factors result in the disagreement of the calculated values and the measured
values near the shorelines.

Although the effect of the offshore wave steepness to the wave energy dissipation in the surf zone is
not included in the present model, the calculated values agree well with the measured values, The
values of the offshore wave steepness on March 24, 28 and April 4 are between 0.013 and 0.022; the

scattering of the offshore wave steepness around 0.02 is small. Thus the calculated values agree well
with the measured values.

5.3 Nearshore current

Figure 18(1) shows the nearshore current on March 24, 1989, calculated by the present model with
M=5, which will be shown to be optimal value for the nearshore current on March 24. The solid line in
the right figure indicates the beach profile at x=0m, while the dashed line indicates the mean beach
profile between x=—300m and x=—100m, and between x=100m and x=300m. Although the direction

of the nearshore current in the trough between y=200m and y=300m changes slightly offshoreward at
%=—50m, the nearshore current is almost uniform alongshore.
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Figure 18(1) Nearshore current on March 24, 1989, calculated by the present model with M=5.

The comparisons between the longshore current velocities at x=0m calculated with M=2, 5 and 10
are shown in Figure 18(2); the signs of the longshore current velocities are changed from minus to
plus in this figure. The calculated values with M=5 seem to agree best with the measured values.

Figure 18(3) shows the comparisons between the longshore current velocities measured along the
HORF and those calculated with M=5 by the present model and by the previous model. The longshore
current distribution over the bar and the trough calculated by the present model agrees with the
measured one although the calculated distribution by the previous model disagrees with the measured
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Figure 18(2) Longshore current velocities on March 24, 1989, calculated by

the present mode] with M=2, 5 and 10.
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Figure 18(3} Comparisons of the measured longshore current velocities on
March 24, 1989, with those calculated with M=5 by the present
model and by the previous model.
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one especially at the trough. The differences between the calculated values by the present model and
those by the previous model are small in the offshore side of the bar crest; both values are larger than
the measured ones in the area between P330m and P280m. In the cnshore side of the bar crest,
however, the values calculated by the present model and the measured values increase onshoreward
although the values calculated by the previous model decrease. As a result, the longshore current
distribution calculated by the present model has a peak velocity in the onshore side of the bar crest as
the measured one, while the distribution calculated by the previous model has a peak velocity in the
offshore side of the bar crest.

In the secondary surf zone, the longshore current distribution calculated by the present model agrees
roughly with the measured one. However, the agreément of the calculated one with the measured one
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in the secondary surf zone is worse than that over the bar and the trough.
Figure 19(1) shows that the nearshore current on March 28, 1989, calculated by the present model

with M=5. This nearshore current is also almost uniform alongshore although the direction of the
nearshore current in the trough changes slightly at x=-50m.

The comparisons between the longshore current velocities calculated with M=2, 5 and 10 are shown
in Figure 19(2). The value of 5 is alsc optimal M for the nearshore current on March 28.
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Figure 19(1) Nearshore current on March 28, 1989, calculated by the present model with M=5.
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Figure 19(2) Longshore current velocities on March 28, 1989, calculated by
the present model with M=2, 5 and 10,
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Figure 19(3) shows the comparisons between the longshore current velocities measured at the
HORF and those calculated with M=5 by the present mode! and by the previous model. In the offshore
side of the bar crest, the values calculated by the present model and by the previous model increase
onshoreward; the values calculated by the present model agree with the measured values slightly
better than those by the previous model. In the onshore side of the bar crest, the values calculated by
the present model and the measured values increase onshoreward although the values calculated by the
previous model decrease. Consequently the longshore current velocities over the trough calculated by
the present model agree well with the measured values although the values calculated by the previous
model disagree with the measured values.

In the secondary surf zone, the dimensionless profile of the longshore current calculated by the
present model agrees roughly with the measured one. However, the values calculated by the present
model are larger than the measured ones,

Longshore current
velocity (m/s)

depth (m)

N s N2 <o

Hater

kT T P A I |

0 100 l ' ’

200 300 400

Offshore distance (m)
Figure 19(3) Comparisons of the measured longshore current velocities on

March 28, 1989, with those calculated with M=3 by the present
model and by the previous model.

Figure 20(1) shows the nearshore current on April 4, 1989, calculated by the present model with
M=10. A small rip current appears at x=-50m; the rip current is supposed to affect the longshore
current at x=0m.

Figure 20(2) shows the comparisons between the longshore current velocities calculated with M=2,
5 and 10. The distribution calculated with M=10 best agrees with the measured one, while the
distributions on March 24 and 28 calculated with M=5 best agree with the measured ones.

Figure 20(3) shows the comparisons between the longshore current velocities measured at the
HORF and those calculated with M=10 by the present model and by the previous model. In the
offshore side of the bar crest, the differences between the values calculated by the present model and
those calculated by the previous model are very small; both values agree with the measured values. On
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Figure 20(1) Nearshore current on April 4, 1989, calculated by the present model with M=10.
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Figure 20(2) Longshore current velocities on April 4, 1989, calculated by the

present model with M=2, 5 and 1{.

the contrary, the differences are a little large in the onshore side of the bar crest. The values calculated
by the present model and the measured values increase onshoreward although the values calculated by
the previous model slightly decrease. Consequently the longshore current distribution over the bar and
the trough calculated by the present model agrees with the measured one better than that calculated by
the previous model although the measured value at P210m agrees with the value calculated by the
previous model.

In the secondary surf zone, the longshore current profile calculated by the present model agrees

with the measured one.
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Figure 20(3) Comparisons of the measured longshore current velocities on

April 4, 1989, with those calenlated M=10 by the present model

and by the previous model.

6. Diseussion

Let us assume that an incident wave angle and the longshore current velocity are positive. In the
onshore side of a bar crest, the cross-shore flux of the longshore momentum due to mass transport
under bores decreases onshoreward owing to the bore decay. This decrease means that the cross-shore
flux of the longshore momentum transported into a unit volume is larger than that transported out of
the volume. Consequently the longshore current velocities calculated by the present model are larger
than those calculated by the previcus model.

On the contrary, in the offshore side of the bar crest, the cross-shore flux of the longshore
momentum due to mass transport under bores increases onshoreward owing to the bore development.
Thus the longshore current velocities calculated by the present model are smaller than those calculated
by the previous model.

As a result, the longshore current distribution calculated by the present model has a peak velocity in
the onshore side of the bar crest as 85 percent of the distributions measured at the HORF. This
agreement of the calculated distribution by the present model with the measured ones confirms the
significance of the momentum fluxes due to mass transport under bores.

Although the longshore current distribution calculated by the present model has a peak velocity in
the onshore side of the bar crest, 15 percent of the measured longshore current distributions have peak
velocities in the offshore sides of bar crests.

To reveal a generation mechanism of the latter distribution, which has a peak velocity in the
offshore side of a bar crest, we investigate the relationships between the offshoreward distance from
¥bar 10 Ypear and Hy/Lp, the beach slope in the oftshore side of the bar crest, tan 3 par, and he... However,
there are no correlations between them as shown in Figures 21(1) to 21(3).

We suppose that one of the causes of the generation of the latter distribution is bore decaying in the
offshore side of the bar crest. When Whitford and Thornton (1988) measured the latter distribution,
the fraction of breaking waves decreased onshoreward even in the offshore side of the bar crest. The
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decrease of the fraction of the breaking waves probably reflects bore decaying, The cross-shore flux of
the longshore momentum due to mass transport under bores in the area where bores decay makes a
longshore current velocity larger than that due to the cross-shore gradient of radiation stress, which is
calculated by the previous model. The distribution of the longshore current due to the cross-shore
gradient of radiation stress already has a peak velocity in the offshore side of the bar crest.
Consequently the longshore current distribution when a bore starts decaying in the offshore side of the
bar crest has a peak velocity in the offshore side of the bar crest.

The frequency of the bore decaying in the offshore side of a bar crest is supposed to be small
because the percentage of the measured distribution that has a peak velocity in the offshore side of a
bar crest is only fifteen percent. The cause of the bore decaying in the offshore side of a bar crest,
which is unknown, should be investigated to widen the application of the present model.

The longshore current velocities near the shorelines calculated by the present model are larger than
the measured ones. The float for measurements sometimes touched the bottom near shoreline when
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wave trough depth is small, even though we shortened the length of the line between the float and the
identification buoy at the small water depth. The inaccuracy of the measurements near shoreline
results in the disagreement of the calculated longshore current velocities with the measured ones near
the shorelines.

Although we omitted the longshore flux of the longshore momentum due to mass transport under
bores, M, in the calculation of nearshore current by the present model, the value of M,z is necessary
for the calculation of nearshore current where longshore topographic inhomogeneities are large. The
longshore mass flux due to mass transport under bores, p eCsin & , which is concentrated near the
water surface, should also be included in the continuity equation although the calculation of the
nearshore current would be complicated.

7. Summary and Conclusions

Field measurements of longshore current have been carried out at Hazaki Oceanographical
Research Facility (HORF) when waves broke over bars. A spherical float having a diameter of 0.2m
was used to measure nearshore current velocities at 1m below the water surface. This measurement
method with the float was confirmed to be useful by the calibrations with an electromagnetic current
meter.

Eighty-five percent of the measured longshore current distributions have peak velocities in the
onshore sides of the bar crests, while fifteen percent of the measured distributions have peak velocities
in the offshore sides of the bar crests.

A numerical model for nearshore current in the surf zone has been developed. First, we developed a
wave height transformation model in the surf zone to calculate the driving forces of nearshore current
such as radiation stresses. The basic equations of the present model are based on those of the
transformation model for directional random waves proposed by Takayama er al. {1991). We
introduced the wave dissipation term proposed by Dally ef al{1985) in the present model after
improving it. The significant wave heights calculated by the present model agree well with the field
data.

The develeped numerical model for nearshore current contains the momentum fluxes due to mass
transport under bores in the surf zone. To calculate the momentum fluxes due to mass transport under
bores, we utilized the assumption of the vertical distribution of the cross-shore velocity in the surf
zone proposed by Svendsen (1984) with the fraction of breaking waves and the surface roller area
parameter, which determines the thickness of a bore. The fraction of breaking waves was assumed to
be a function of wave height-water depth ratio in the offshore side of a bar crest, and to decrease
onshoreward proportionally with the square of the offshore distance from the bar crest in the onshore
side of the bar crest. We assumed that the surface roller area parameter varies according to the
development and decay of a bore, and expressed the parameter with the fraction of wave breaking.
The lateral mixing was calculated with the coefficient proposed by Baitjes(1975).

The nearshore currents when the nearshore topographies around the HORF were known were
calculated. The longshore current velocity distributions calculated by the present model, which have
peak velocities in the onshore sides of the bar crests, agree with the measured ones, while the
distributions calculated by a previous model disagree with the measured ones. This agreement of the
distribution calcolated by the present model with the measured one confirms the significance of the
momentum fluxes due to mass transport under bores,

Although the longshore current distributions calculated by the present medel have peak velocities in
the onshore sides of bar crests, fifteen percent of the measured longshore current distributions have
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those in the offshore sides of the bar crests. One of the causes of the generation of the latter
distribution is supposed to be bore decaying in the offshore side of a bar crest.
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List of Main Symbels

:Celerity of a wave component

:Surface roller area parameter

:Friction coefficient

:Group velocity of a wave component

:Group velocity of a monochromatic wave
:Total dissipation rate of wave energy

:Energy Dissipation rate of a wave component
:Energy of a wave component

:Elevation of wave trough

:Total wave energy

‘Total wave energy where wave height is stable after wave breaking
:Thickness of a bore

F,, F, :Bottom frictions

H
Hy

:Wave height
:Significant wave height at the water depth of 23.4m

H);:Significant wave height :
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(Hinew :Significant wave height at the offshore boundary

(Hys): :Significant wave height where wave height is stable after wave breaking

h  :Water depth

hpar :Water depth at a bar crest

Ayougn  :Water depth at a trough

L :Wave length

Ly, Ly :Lateral mixing terms

M :Dimensionless coefficient in lateral mixing term

My :Cross-shore flux of the longshore momentum due to mass transport under bores
Mp2:Cross-shore flux of the cross-shore momentum due to mass transport under bores
M3 :Longshore flux of the longshore momentum due to mass transport under bores
M, :Cross-shore flux of the longshore momentum in the surf zone

Py :Fraction of breaking waves

(Po)par :Fraction of breaking waves on a bar crest

§ :Directional spectral density of a wave component

Sxx» Siys Syy  :Radiation stress components

(Smades :Spreading parameter at the offshore boundary

T :Wave period

Tp :Significant wave period at the water depth of 23.4m

{Ti3)e :Significant wave period at the offshore boundary

t  Time

tan i :Beach slope

tan 3 5 :Beach slope in the offshore side of a bar crest

U :Depth and time-averaged longshore velocity

Ugme :longshore current velocity measured with the current meter

Umoar :Longshore current velocity measured with the float

Une :Averaged velocity of longshore current between the tip of the HORF and a tough
Upearr:  :Peak velocity of longshore current between the tip of the HORF and a tough
V  :Depth and time-averaged cross-shore velocity

V; :Depth and time-averaged velocity between wave trough and bottom

V: :Velocity of return flow in a steady two-dimensional sitvation

Vu(z} :Time-averaged velocity in the wave direction at the elevation of 2 over the wave trough
vm(z) :Maximum orbital velocity at the elevation of z

x  :Longshore distance

y :Offshore distance

¥oar :Offshore distance of a bar crest

¥pear  :Offshore distance of the location of a peak longshore velocity over a bar and a trough
Viougtr Offshore distance of a trough
z :Elevation relative to the datum level in Hasaki

I' :Dimensionless coefficient in the wave transformation model

v ;Wave height-water depth ration constant in the surf zone

¢ f :Frequency band width

¢ § :Directional band width

g :Lateral mixing coefficient

y :Elevation of water surface
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7 :Elevation of mean water level

f :Wave direction

Op :Principal wave direction

( 8p)op Principal wave direction at the offshore boundary

(8 )y :Incident wave angle visually observed at the tip of the HORF
p :Density of sea water

¢ :Angular frequency





