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Abstract A field experiment was carried out on a meso-
tidal reflective beach to relate longshore sand transport
rates to wave measurements in medium-energy conditions
(H,ps = 0.6 m; T, = 6.5 sec; o = 20°). Dispersion of fluor-
escent sand tracers was analyzed using the spatial integra-
tion method (SIM). The measured sand transport rate was
three times larger than the prediction computed using the
longshore wave power approach, while the K factor was
determined empirically as 2.32. The study concluded that
there is a need to calibrate bulk longshore transport
predictors before applying them to steep gradient slopes
under plunging waves.

Introduction

Historically, measurements of longshore sand transport
rates were first undertaken using deposition rates in the
lee of coastal structures such as groins, breakwaters, and
jetties (Komar 1988). This methodology has two main
disadvantages, namely, the long time required to obtain
significant information (from months to years) and the
local effects on waves and currents caused by the structure
itself (e.g., wave diffraction). It became clear that it was
necessary to develop a technique able to measure trans-
port rates under different spatial and temporal scales.
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Recent research has produced new technologies for
measurements at a micro scale such as optical back scatter
(OBS) sensors (Downing et al. 1981) or acoustical back
scatter (ABS) sensors (e.g., Vincent et al. 1991). However,
besides the use of sediment traps for meso-scale measure-
ments (Allen 1985; Kraus 1987) at a larger scale sand
tracers have been the most widely used methodology
(Allen 1988).

One of the first experiments using tracers dates back to
the beginning of the present century (Richardson 1902),
but as Kidson and Carr pointed out (1971) it was only in
the 1950s when serious development of the technique took
place, rendering it popular with many investigators in the
United Kingdom and Japan, particularly using radioac-
tive isotopes for tagging. Towards the end of the decade,
a group of investigators in the former Soviet Union
started to use sand marked with fluorescent paint (Zen-
kovitch 1960), and in the following years, investigators
concentrated on selecting the best types of paints (Yasso
1966) and optimizing marking procedures (Ingle 1966).
The usage of fluorescent sand is simple, marking can be
done easily and rapidly, there is no impact on health and
the environment, different colors can be used to tag vari-
ous grain fractions to study differential transport, and the
sensitivity of the technique is at least one in a million
(Ingle 1966). The method must fulfill some basic assump-
tions: the marked sands should have an hydraulic behav-
ior comparable to the unmarked ones, advection of the
tracers should be prevalent over diffusion and dispersion,
and the transport system must be in equilibrium (Madsen
1987).

The tracer technique first was applied on Portuguese
beaches in the 1960s by Abecasis et al. (1962) who used
fluorescent sand on the coast of northern Portugal. In that
case, the authors used sand marked with fluorescent paint
and radioisotopes at the same time, obtaining better re-
sults with the second method, since natural luminescence
from the grains caused confusion with the first one. The
technique became of interest to Portuguese researchers
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once again in the 1990s, with the development of the
Luminoferos na Areia (LUAR) experiments undertaken by
the DISEPLA resecarch group (Taborda et al. 1994;
Ciavola et al. 1997a). These experiments introduced
several improvements to the methodology, in particular
regarding the automatic detection of marked sand
grains on the beach (Pinto et al. 1994) and the study
of tracer dispersal along three dimensions (Ciavola et al.
1997a).

This paper describes the application of these recent
developments in sand tracing research to Praia de Faro,
a meso-tidal beach in the Algarve barrier-island system.
The experiment (LUAR-Faro 1996) took place on 6-7
March 1996 and its main aim was to produce a new data
set of longshore transport measured on a steep beach in
a medium energy environment. Although recent experi-
ments carried out in Portugal (Taborda et al. 1994,
Ciavola et al. 1997a) partially fulfilled the lack of data
from steep-gradient beaches, the information produced
was either from high- or low-energy settings.

Study site and oceanographic setting

The study area is located in the Algarve region of southern
Portugal, in the central part of the Ancao spit (Fig. 1), the
westernmost unit of the Ria Formosa lagoon. The lagoon
is separated from the open sea by a barrier-island system
that extends 55 km. The lagoon communicates with the
sea through a network of branched creeks, channels, and
six inlets, two of which are stabilized by concrete piers.
Tides have a semidiurnal regime and amplitude varies
from a maximum of 3.5 m at spring tides to a minimum of
0.5 m at neap tides (Andrade 1990).

The Ancao spit has a length of approximately 10 km
that changes temporarily with the migration of the Ancao
tidal inlet (Pilkey et al. 1989). As such, it is considered one
of the most fragile of the barrier islands and spits of the
system (Bettencourt 1994). The spit has an orientation of
N 55°W and is between 50 and 250 m wide, with a trend of
migration towards the southeast. There is a single dune
ridge, except in the central part of the spit (Praia de Faro,

Fig. 1 Location of the study
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the study site) and overwashes are frequent (Pilkey et al.
1989; Tomé Martins et al. 1996).

Average wind speeds in the area rarely exceed 60 kmh™1.
Although dominant (both in frequency and speed) winds
blow from the southwest, high-energy events sometimes
occur from the northeast and from the southeast (Instituto
Nacional de Meteorologia ¢ Geofisica 1979 and 1981 in
Bettencourt 1994). Pessanha and Pires (1981) indicated that
the typical average values of significant wave height and
period in the offshore region of the Algarve are 0.9 m and
5.0 s, which is in agreement with recent data measured by
the Instituto Hidrografico and the Laboratorio Nacional
de Engenharia Civil (1994) offshore the Faro tidal inlet
(Cabo S. Maria). Pires (1985) divided all observations into
two main categories, southwestern and southeastern
(levante) quadrants. The southwestern quadrant includes
waves generated by meteorological events on the western
Portuguese coast, particularly storms with westerly winds.
These are high-energy events able to generate waves in the
Algarve region with heights of 2-3 m and periods of 7-8s.
High-energy events belonging to the levante quadrant are
not frequent during the year, but are normally related to
strong winds blowing from the southeast in the Gibraltar
Strait. The wave spectrum from this direction is normally
narrow, with low directional spreading, and average wave
height and period are approximately 1.2 m and 4.9 s
(IH/LNEC 1994). According to the Instituto Hidrografico
and the Laboratorio Nacional de Engenharia Civil (1994),
about 51.5% of waves measured by the wave-rider buoy
offshore Cabo de S. Maria (Fig. 1) come from the W, 16.3%
come from the SW, 2.1% from the S, 25% from the SE, and
42% from the E. Storms from the southwest have short
duration, normally between two and four days, and occur
in the winter season, with wave heights rarely exceeding
4.0 m and occasionally reaching 6.0 m (Pires 1985). South-
easterly storms are of longer duration, at times over a week,
and wave heights rarely exceeding 4.0 m (Andrade 1990).
Generally these waves approach the coast at large angles,
generating strong longshore currents and large longshore
transport rates, causing erosion along the barrier islands,
with formation of wave-cut beach scarps (Tomé Martins
et al. 1996).
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The beaches of the Ria Formosa system mainly consist
of quartzitic sands with a smaller fraction of small pebbles
and biogenic (shell fragments) material (Andrade 1990).
Mean grain size shows variations longshore and from one
island to the other one, being generally medium sand
(Pilkey et al. 1989). The predominant southwesterly wave
motion produces a net longshore drift eastwards, but
there is no agreement between authors on the magni-
tude of the transport. Published estimations for the Ancao
spit range from 6x10°m?yr~! (Andrade 1990) to
3x10°m3yr~!' (CONSULMAR in Bettencourt 1994).
Previous studies believe that the source areas for the sands
are the continental shelf and the erosion of the cliffs near
Quarteira (Dias 1986; Bettencourt 1994; Andrade, 1990).

Methodology
Wave visual observations

During the high tide of 6 March 1996, direct observations
of wave height and period and measurements of angle of
approach at wave breaking were carried out every hour to
provide a comparison with values measured with an array
of pressure transducers. Mean wave height at breaking
point was recorded by two independent observers that
estimated heights for a 10-min interval and then averaged
the values. Mean wave period was computed by dividing
the observation time interval (600s) by the number of
counted waves. The angle of wave approach at breaking
point was measured applying the methodology of Chan-
dramohan et al. (1994), based on the formula:

sin o, = (3.54AT /H,)(S + W) (1)

where (o) is the angle of approach at the breaking point,
H, the wave height at breaking, AT the time used by
a wave crest to travel from a reference point along a line
orthogonal to the beach to a second point along a line at
45 degrees with origin to the observer, S the distance
between the observer and the mean water mark, and W
the distance between the mean water mark and the
breaker.

Wave and wind measurements

Three Keller PA-46 pressure transducers were deployed in
a triangular array arranged around a metal frame, located
on the lower beach face, just above low tide level. The
pressure transducers were connected through an analog-
to-digital converter card to an IBM-compatible PC,
which sampled continuously the signal at a frequency of
5 Hz. Voltage readings were then converted into pressure
values using calibration equations obtained from laborat-
ory tests undertaken before deployment. Spectral analysis
of the signal was carried out using routines of the digital
signal processing toolbox, part of the MATLAB soft-
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ware package. Wind conditions during the experiment
were recorded every 30 min using a compass and an
anemometer.

Usage of tracers in the field

During the week before the experiment (1 March 1996),
a composite sand sample of 125 kg was collected at Faro
Beach. The composite sample was obtained by mixing
three samples collected, respectively, on the lower, mid,
and upper beach face during low tide. The sand was
washed with freshwater to remove salt and dried in the
open air, spreading it over a flat surface to facilitate the
process. It was subsequently marked following method-
ologies and recommendations of previous authors (e.g.
Ingle 1966; Yasso 1966; Taborda et al. 1994; Ciavola et al.
1997a). The tracer was prepared with a fluorescent orange
paint, produced by Atomlac Industrie (Glycero Orange
Floo), using a paint (liters)/sand (kg) ratio of 0.05 after
adding 20% thinner to the paint. The sand was then dried
in the open air, trying to minimize aggregate formation,
and later sieved using a 2-mm mesh. A subsample (100 g)
of the marked population was collected to compare grain
size distributions before and after tagging. Mean grain
size, sorting, standard deviation, and kurtosis were deter-
mined using the method of moments.

On the morning of 6 March 1996, a 2.1 x 1.1-m rectan-
gular trench was dug on the beach face at low tide to
a depth of 0.03 m; it was located at 19 m seaward of the
berm. The tagged sand was put into the trench after
lubricating it with a mixture of water and liquid detergent
to avoid grain aggregation and transport as floating
sand.

During the following low tide, the distance of maximum
tracer transport was assessed in the field carrying out spot
checks, moving away from the injection point in the direc-
tion of longshore drift, using a UV lamp connected to
a portable power supply, mounted on a 4-wheel-drive
all-terrain vehicle (ATV). The size and mesh of the samp-
ling grid was chosen in relation to the maximum distance
of tracer advection, that was 1900 m away from the injec-
tion point (Fig. 2). Four teams of four samplers ran 27
shore-normal profiles with longshore spacing of 50 m for
the first kilometer away from the injection point and
100 m spacing up to the last transect. Shore-normal spac-
ing between samples along a profile was 10 m, with up to
six samples collected in a single transect between the berm
and the area of breakers at low tide. At each sampling
station a small core, 50 cm long and 5 cm in diameter, was
collected using PVC pipes. The pipes had been cut length-
wise into two halves that were held together by hand and
pushed into the sand. After retrieval, each shallow core
was opened and divided into 5-cm sections. Sampling of
the seabed in the breaker zone at low tide was undertaken
by divers using small plastic cases. Counting of tracer
distribution at the surface around the points where cores
were collected was undertaken using a predefined area of
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Fig. 2 Sampling grid of shallow beach cores. The star in the diagram
identifies the position of the pressure transducers (PTs)

30 cm x 30 cm and a UV lamp inside a dark box. It was
intended to carry out a second sampling at the following
low tide on 7 March 1996, but early inspection revealed
that the concentration of the tracer had become too low to
be significant, meaning that more tracer should have been
used initially. Beach samples were collected along a tran-
sect including the injection point, and grain size analyses
were undertaken to determine differences between the
marked sands and the natural beach sediment. Mor-
phological profiles were measured every 50 m away from
the injection point, for a total of 11 profiles, to provide
information on erosion and accretion events that could
have caused burial of the tracer.

Laboratory analyses of tracers

Each subsample was wet sieved with freshwater in the
laboratory using a 63 pum mesh sieve, then put on a Petri
dish, dried in an oven at 60°C, and weighted using a bal-
ance with a precision of 0.1 g. After sieving, the number of
fluorescent grains was counted under a UV lamp. The
results from the samples collected at Praia de Faro were
analyzed using the spatial integration method (SIM)
(Madsen 1987), a method that has been widely used in
previous studies (e.g., Komar and Inman 1970; Kraus
et al. 1982; Taborda et al. 1994; Ciavola et al. 1997a),
because its Lagrangian approach allows monitoring of
tracer movement both in space and time. Other advant-
ages of the SIM over other types of integration (e.g., time
integrated method, continuous injection method) is that
the velocity of transport is calculated referring it to the
centroid of the tracer cloud and that it is possible to
calculate with confidence a recovery rate (Madsen 1987).
The mass of recovered tracer in each 5-cm layer was
calculated using the following formula:

Mass of recovered tracer sand = AhD pg (1 — p) (2)

where A4 is the area of which the core is representative
(obtained by analysis of the sampling grid), / the thickness

of the sample (5 cm), D the dilution of the tracer (mass of
counted fluorescent grains per total mass of the sample),
ps the sand density (2650 kg/m?), and p the sand porosity
(0.4). Summing all masses obtained from the samples
makes it possible to calculate the percentage of tracer
recovery (total mass recovered per total mass injected).

The longshore position of the tracer-cloud centroid in
each 5-cm layer was obtained by applying the relation-
ship:

Y= XM, 3)
M;

where M; is the mass of tracer recovered at a distance
d; from the injection point, and i is the number of samples.
The velocity of the centroid is obtained dividing Y by the
time between two successive low tides (45 x 10* s). Such
velocity was calculated for each 5 cm layer weighting it
against the mass of tracer recovered in each layer.

In order to calculate the volume of transported sand, it
is necessary to calculate the mixing depth that is con-
sidered equivalent to the thickness of the moving layer.
Within this layer, grains are subjected to vertical and
lateral movements caused by direct wave action (e.g.,
swash and backswash) and by the superimposed long-
shore current (Kraus 1985). There are different methods in
the literature for determining in the field the thickness of
the layer, namely to dig one or more control holes filled
with marked sand (King 1951; Komar and Inman 1970;
Taborda et al. 1994; Ciavola et al. 1997b) or refer changes
in beach height to reference rods (Greenwood and Hale
1980). For the study at Praia de Faro, the mixing depth
was identified as the interval within beach cores where
80% of the tracer was recovered (Kraus et al. 1982; Kraus
1985; Ciavola et al. 1997b).

Results

The visually observed mean breaking wave height H,,
and period T,, were 0.8 m and 9 s, respectively. These
values are comparable with those of significant wave
height and peak period obtained by spectral analysis
(Table 1). Waves were coming from the levante quadrant
(SE), with an approach angle at breaking of 20°, plunging
directly onto the beach face. The difference between deep-
water wave measurements (Table 1) from the Instituto
Hidrografico wave-rider buoy offshore Cabo S. Maria
and the measurements at Praia de Faro (Table 1) is prob-
ably due to the triangular shape of the barrier-island
system (Fig. 1), which creates a shadow area westwards of
the Cabo de S. Maria, so that southeasterly waves arrive
along the Ancao spit after undergoing considerable near-
shore wave refraction, diffraction, and energy dissipation.
Average recorded wind directions and speed were 88°N
and 4.2 m/s, respectively.

The beach showed accretion during the high tide of
6 March (PM) on the order of 0.2-0.3 m (Fig. 3) and
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Table 1 Comparison between wave parameters measured at Faro Beach during the experiment and offshore wave conditions

Location Significant wave Root mean squared Zero-up crossing Average period (s) Peak period
height (m) [H,] wave height (m) period (s) [T_] [T,] (s) [T,]
[H,,.]
Breaking Point (Faro Beach) 0.8 0.6 54 6.5 10.0
Offshore (Cabo S. Maria)* 1.4 (low)® Not supplied Not supplied 6.0 8.0
1.9 (high)®
*Data measured by the Instituto Hidrografico wave-rider buoy at a water depth of about 103 m
®Computed for low frequency waves (T > 8 s)
¢ Computed for high frequency waves (T < 8 s)
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Fig. 3 Changes in beach profile measured during the experiment

erosion on the lower part of the profile during the high
tide of 7 March AM (Fig. 3), while the average beach slope
(tanf) measured at the beginning and at the end of the
experiment varied between 0.08 and 0.11 (Fig. 4). The
latter parameter, together with the observed mean wave
height H,,,, and period T,, can be used to calculate the surf
scaling parameter ¢ of Guza and Inman (1975):

(aw?)

* = ganp “

where tanf is the beach slope, g the gravitational constant,
a the wave amplitude H,, /2, and o is wave radian fre-
quency (2n/T,,). The obtained value of 4.47 describes the
beach morphodynamics as intermediate at the beginning
of the experiment (profile of 6 March in Fig. 3), while the
value of 2.36 indicates a reflective behavior by the end of
the experiment (profile of 7 March in Fig. 3).

Mean grain size of the beach sand before tagging was
0.58 mm, it became slightly coarser after painting (0.70),
despite taking care to minimize aggregate formation.
However, comparison of absolute and cumulative fre-
quency curves (Figs. 4a,b) shows that the modal class is
similar throughout the three populations.

During the experiment, tracer was driven westward by
southeasterly waves up to 1900 m away from the injection
point. Beach cores generally reached a depth of 30 cm
below surface. Some of them contained anomalous tracer
concentrations below 25 cm, probably due to local

0
-1.0
b Phi

-0.5 0 0.5 1.0 15 2.0 25 3.0

Fig. 4 a: Comparison between absolute frequency curves of grain
size populations; b: comparison between cumulative frequency
curves of grain size populations. Grain size is expressed in phi units

[phi = — log,(mm)]

beach accretion and were eliminated as suggested by
Kraus (1985). Samplers in the breaker zone at low tide
only collected sand from the surface layer down to a max-
imum depth of 5 cm. Concentrations of marked grains for
each sampled depth in the cores are presented in Fig. 5.
Percentage of tracer recovery was about 90% of the injec-
ted mass.

The average cross-shore profile of sand mixing depth is
represented in Fig. 6. The thickness decreases towards the
top of the berm where there is minor sediment activation,
giving an average mixing depth of about 23 cm. From
Fig. 6, the cross-shore area corresponding to the active
sand layer is 9.25 m?. The average velocity of the centroid
was calculated as 0.015 ms ™!, that multiplied by the area
of the active sand layer gave a volume of 0.140 m*s~?
(12x 10° m*day ).
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Fig. 5 Maps of distribution of tracers in the sampled area for each
depth interval in the cores, expressed as number of grains for 100 g of
sample. The horizontal axis represents the longshore distance (m)
away from the injection point, the vertical axis represents the cross-
shore distance (m) measured from a reference point located in the
back-shore (see Fig.2). The berm top is located at a cross-shore
distance of 20 m away from the origin

Discussion

Previous studies found that the main variable controlling
the depth of sand activation is the wave height. King
(1951) concluded that the depth of disturbance was about
30% of the wave height, while Komar and Inman (1970)
obtained a ratio of about 8%. Experiments in Japan
(Kraus et al. 1982; Kraus 1985) lead to the formulation of
an empirical relationship between mixing depth (Z,,) and
significant wave height at breaking (Hg):

Z,, = 0.027 H, (5)

The relationship given above was obtained on beaches
with different morphodynamics and granulometry, most
of them dissipative in a microtidal context, so that other
authors found limitations in applying the formula when
dealing with reflective beaches. Sherman et al. (1994) pro-
posed a new relationship from data on low-energy reflec-
tive beaches:

Z,=022Hg (6)

Application of Eq. 6 to the wave data at Praia de Faro
predicts an activation depth of 17.6 cm, 5.5 cm less than
the average value observed in the field (23.1 cm), that
supports a Z,,/Hg, ratio of 29%, similar to the one initially
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proposed by King (1951) and equal to the one obtained by
a study on another reflective beach (Culatra Island) of the
Ria Formosa (Ciavola et al. 1997a).

Kraus (1985) also proposed that the cross-shore distri-
bution of mixing depth should have a first maximum at
the wave breaking point and a second maximum in the
swash. The mixing profile observed at Praia de Faro
(Fig. 6) has instead a minimum in the swash, with a pat-
tern that remained constant in all core lines (up to 1900 m
away from the injection point), so that local effects can be
excluded. A similar pattern was observed in other studies
on reflective beaches (Sherman et al. 1994; Ciavola et al.
1997b), therefore the difference with Kraus (1985) is re-
lated to the fact he studied mainly dissipative beaches in
a microtidal context.

In order to compare the experimental results on sand
transport with the theoretical prediction, it is useful to
transform volumetric rates into immersed weight rates (I;)
expressed in Newtons per second, using the formula pro-
posed by Inman and Bagnold (1963):

Ii=(ps—p)(1—-pQ

Distance from the berm top (m)

0 0 10 20 30 40

-5 4
-10
15 +
20 +
254
-30 +
-35 4+
-40

)

(cm)

Fig. 6 Cross-shore profile of mixing depth



where p; is the sand density, p the seawater density, p the
sand porosity (0.4), and Q the volume of transported sand.
Application of Eq.7 to the Praia de Faro data gives
a transport of about 1337 Ns~!. Equation 7 can be re-
lated to wave-driven forces causing longshore drift as
(Komar and Inman 1970):

I, = K P, = K (ECn), sin o, cos o, (8)

where E is the total wave energy (1/8pgH?), Cn the wave
group velocity calculated using linear wave theory

(v/91.28H), o the angle between the wave front and the
shoreline, and the subscript b refers to all conditions
measured at breaking point. The only unknown term of
Eq. 8 is the coefficient K, which was initially proposed to
be 0.77 by Komar and Inman (1970), using in the compu-
tation of Eq. 8 the mean squared wave height H,,,,, which,
according to Komar (1988), corresponds to the correct
parameter for the assessment of wave energy using com-
plete spectra. If the K of Komar and Inman (1970) is used,
the computed I, is 307 N s~ !, equivalent to a volume rate
of 0.032m?3/s (2.8 x 10> m*day~!), thus more than four
times smaller than the observed transport.

As pointed out by Allen (1985), the wave group velocity
in Eq. 8 is generally computed using Airy’s wave theory
for ease of calculation, even if it would be better to use
solitary wave theory, which provides a more realistic
description of nearshore conditions. According to solitary
wave theory, the breaker velocity is equal to:

C=./g(h+ H), )

where h is the water depth below the still water level, and
H is the wave height (in this case H,,,), both measured at
break point. Note that the array of pressure sensors de-
ployed at Praia de Faro measured, on average, a water
depth at breaking of 1 m; therefore the breaker velocity is
larger than that computed using linear wave theory. If this
value of breaker velocity is used in Eq. 8, a better approxi-
mation of the transport measured in the field is obtained.
With a value of I; equal to 444 Ns™ !, corresponding to
a volumetric rate of 0.047 m®s~! (4.0 x 10°* m® day " !), the
calculated transport rate is three times smaller than the
rate measured with the tracers.

If Eq. 8 is solved using the measured rate of immersed
transport and the longshore energy flux computed using
solitary wave theory, a K of 2.32 is obtained. The deter-
mined K is larger than the 0.58 previously proposed by
Kraus et al. (1982) carrying out experiments in Japan, and
than the 1.15 determined by Dean et al. (1982) at Santa
Barbara in California, although work by Duane and
James (1980) had already estimated values of K larger
than 2.

Several authors have considered the influence of
granulometry, beach slope, and wave parameters on long-
shore transport (e.g., Dean et al. 1982; Kamphuis 1991),
but Komar (1988) concluded that existing data are insuffi-
cient to establish reliable empirical relationships, mainly
because of the heterogeneity in methodologies of data
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collection, despite recognizing that an influence of envir-
onmental factors must exist. Other authors (Bodge and
Kraus 1991) proposed an influence of wave directional
spreading within the gravity band and surf beat on the
determination of K. Furthermore, variability in predicted
longshore transport rates can be due to the assumptions
that sand density is 2650 kgm ™3 (valid only for pure
quartzitic sands) and that beach porosity is always 0.4
over the whole foreshore, while it is obviously influenced
by the presence of pore water, sediment sorting, etc. These
assumptions can cause an underestimation of transport of
about 27% for low-density, well-sorted sands and overes-
timation of up to 19% for badly sorted heavy sands
(Bodge and Kraus 1991). Other sources of uncertainty can
be errors in wave estimation (Komar 1988) and the effect
of large-scale bedforms (Sherman et al. 1993).

Finally, a significant limitation in the predictive capa-
bility of longshore transport models exists using the wave
energy flux approach, that is, the dependency of transport
on breaker type is considered (Beach and Sternberg 1996).
As Bodge (1989) pointed out, after reviewing published
data on longshore transport in the surf zone, plunging and
collapsing breakers produce greater longshore transport
than spilling breakers, for a given energy flux. Recently
Beach and Sternberg (1996) substantiated this conclusion
using a line of measuring arrays (OBS) at five positions
across the surf zone. In this case, plunging waves were
responsible for most of the suspended load, longshore,
and cross-shore flux of sediment, while bores, spilling
waves, and unbroken waves were less important. There-
fore, the fact that waves at Faro Beach were mostly
plunging breakers supports the relatively large transport
compared to estimations using equations that do not
include parameters to describe breaker type.

Direct measurements of longshore transport have been
carried out with a variety of methodologies such as
tracers, sediment traps, and remote sensors. Allen (1988)
provides a succinct review of the methodologies, consider-
ing advantages and disadvantages of each one, arguing
that small-scale experiments can provide a quantitative
refinement needed to verify or improve knowledge in
many areas of sediment transport research. There are,
however, few comparative studies that can clearly identify
the limitation of each methodology, providing a correc-
tion factor for a transport measurement with a method, to
make it fully comparable with another estimate obtained
in a different way.

Conclusions

The field experiment that was carried out at Praia de Faro
employed simple field and laboratory techniques to
determine experimental longshore transport rates. It is
interesting to observe that the sand transport during the
experiment was caused by waves approaching the beach
from the SE at high angles (20°), causing strong longshore
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drift westwards in opposition to the regional pattern of
transport.

Determination of sand mixing depths on the beach lead
to a Z,/Hg ratio of 29%, in agreement with recent re-
search on beaches in similar field conditions (reflective
beaches under plunging waves). The cross-shore mixing
profile had a maximum in the area of breakers and a min-
imum in the swash zone. Longshore transport was larger
than theoretical calculations using bulk transport pre-
dictors, pointing out the limitations of transport models
without proper calibration. Considering that most waves
measured in the field were plunging breakers, the applica-
tion of solitary wave theory seems to have provided
a more realistic approximation of energy than linear wave
theory.

This paper presents a detailed description of the fluor-
escent tracer methodology for quantifying sand transport,
and it is hoped that more authors will revisit this tech-
nique. It offers the advantages of reproducibility, low cost,
and low environmental impact. Most formulas for long-
shore transport were calibrated for low to medium wave
energies and low-gradient beaches, so they often are used
for conditions outside the calibration limits, especially for
engineering studies, where time and financial constraints
do not allow field experiments. More sedimentological
studies of this kind should be carried out on beaches
throughout the world, to improve the field database on
longshore transport, since theoretical estimation still re-
mains largely based on empirical tests.
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