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A fieldwork study of an artificially created inlet cut in the barrier island system of the Ria Formosa (South Portugal)
was carried out from January to March 1999. This study focused on the updrift swash platform associated with the
ebb-tidal delta. The area was monitored during a month with fair weather conditions studying morphodynamics,
sedimentary dynamics and hydrodynamic measurements. The results were used to establish a sedimentary budget of
the swash platform and to quantify the morphodynamics. A strong accretion was observed on the swash platform,
which corresponded to the volume of sediment provided by the longshore drift on the adjacent updrift coast. A redis-
tribution of sediment was observed on the platform, changing the orientation of the main swash platform axis. The
swash bars forming this area are very dynamic (20 m migration in 8 days), and the entire swash platform migrated
toward the inlet resulting in progressive closure of the system. Characteristics of the inlet and morphodynamics of
the swash platform were used to validate a conceptual model of by-passing by ebb-tidal delta breaching for this system.
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INTRODUCTION

The “Barra Nova” inlet is the most westerly tidal inlet cut-
ting through the barrier island system of the Ria Formosa
(South Portugal). This inlet was artificially opened in June
1997 to improve water circulation within the western part of
the Ria Formosa lagoon where fishery activities provide the
main support to the local population.

Surveying, understanding and modelling of the morpholog-
ical evolution of the Barra Nova inlet are the main topic of
the European MAST III project “INDIA” (WILLIAMS et al.,
1998; O’CONNOR et al., 1998). The study presented here is
part of this INDIA project and focuses on the functioning of
the updrift swash platform associated with the ebb delta at
Barra Nova inlet.

Sand transport pathways, sediment budgets and the con-
sequent morphological evolution of tidal inlets (and associ-
ated deltas) have been studied by several coastal engineers
and sedimentologists (HAYES et al., 1970; OERTEL, 1972-75;
DEAN and WALTON, 1975; HAYEs, 1975-80; HiNg, 1975;
HuUBBARD, 1975; FITZGERALD et al., 1976; FITZGERALD, 1996;
KoMAR, 1996; KaNa et al., 1998). Sedimentary processes are
well known to be closely linked to the combined action of tidal
currents constricted by the inlet and local wave climate. De-
pending on their relative influence, tidal inlets present sev-
eral stages of channel/bank migration which control their sta-
bility and duration of the aperture. Tidal inlets interrupt the
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wave-induced longshore sediment transport (FITZGERALD,
1982), affecting the adjacent beaches, and the formation of
shoals and deltas on both sides of the inlet. A newly formed
inlet acts as a conduit for sediment and water exchange be-
tween the bay/lagoon and the ocean (Liu et al., 1993).

Several studies have dealt with specific sedimentary pro-
cesses associated with ebb-tidal deltas, and in particular on
the swash platforms. Here, the specific process of shoal by-
passing occurs (SEXTON and HAvEes, 1983; Mason, 1986;
KaNa and MasoN, 1988; KaNa et al., 1998) and interactions
between incident and refracted waves increase sediment
transport on the shoals (OkRrRTEL, 1972, 1975, 1988; GOLD-
SMITH et al., 1975).

Given this context, this study focuses on the short term
evolution of the updrift coast and particularly on the con-
struction of the swash platform during fair weather condi-
tions. The aim is to establish the sedimentary budget of this
area providing the boundary conditions for morphodynamics
of the Barra Nova inlet, and approaching the mode of trans-
port past the inlet. The terminology in this paper follows that
of HAYES (1975).

QUANTIFICATION OF THE INLET
INTERFERENCE TO THE LITTORAL DRIFT

Tidal inlets represent an interruption to the longshore
transport of sediment. Several empirical parameters are used
by coastal engineers in order to classify this interruption of
transport, and to predict channel stability and the way the
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sediment will pass the inlet. BRUUN and GERRITSEN (1959)
and BRUUN (1966) describe three different ways by which
sediment is transported past tidal inlets based on the ratio
of net littoral drift to discharge of water through the inlet:

r = Mnet/Qmax (1)

where Mnet is the net littoral drift (m%/year), and Qmax is
the maximum discharge (m?s) (BRUUN, 1966). According to
these authors, when the ratio is high (r > 200-300), sand
will bypass the inlet by wave action along the terminal lobe.
When r <. 10-20, sand bypasses the inlet through the trans-
port of sand in channels by tidal currents, and migration of
tidal channels and sand bars (BRUUN and GERRITSEN, 1959).
FITZGERALD ef al., 1978 and FITZGERALD, 1982 present two
models where, for mixed energy tidal inlets, bypassing occurs
by stable inlet processes (no migration of the channel) or by
ebb-tidal delta breaching (migration of the channel and no
migration of the throat). These inlets have an r value be-
tween 50 and 150.

Bruun (1974, 1978, 1986) later converted this empirical
formulation to:

r = Q/M,,, (2)

where () is the tidal prism (m?), and M, the total amount of
littoral drift (m%year). For O/M,,, > 150, the inlet is assumed
stable with tidal currents predominating. Wher Q/M,, =
100-150, stability decreases and bars appear in front of the
inlet. When (/M,,, = 50-100, the inlet becomes wave-domi-
nated and the ebb-tidal delta is well-developed. For /M, =
20-50, sediment bypasses the inlet along the terminal lobe,
while channel migration is important. For O/M,,, < 20 by-
passing is much more important than tidal effects and there-
fore inlets are not stable and easily close.

In all these models, inlets are considered to be a shore nor-
mal orifice. In order to classify inlets, OERTEL (1988) com-
pares the Seaward Limit of a natural inlet Jet Field (SLy)
and the adjacent Littoral Zone (SL,,). This author defines the
SL; for an ideal inlet to be 4 times the diameter of the inlet
throat (conditions for an axial jet), and position of the mean
line of breakers is used as an estimate of the seaward limit
of the littoral zone. Using these definitions and the BRUUN
ratio /M,,, he describes 4 types of inlet: A) (SLj < SL,, (/
M,,. = 10-50) characterised by a spit growth and a slow inlet
migration with a moderate by-passing at the throat; B) (SL;;
= SL,,, WM, < 20) characterised by a slow inlet migration
and a moderate ramp migration; C) (SL; = SL,,, O/M,,, =
100-200) where slow inlet migration and sediment bypassing
occur over bars; D) (SL; = SL,,, O/M,,, = 100-200) where
slow sediment by-passing takes place by bar-migration over
shoals. These formulations have been applied widely (e.g.
ZHANG, 1987; Gao and CoLrLINS, 1994; Cavocca, 1996;
MIcHEL, 1997).

CHARACTERISTICS OF THE BARRA NOVA INLET

The study area is located on the Barra Nova site, a meso-
tidal inlet located in Ancéo, on the barrier islands system of
the Ria Formosa, in Algarve, South Portugal (see Figure 1).
This inlet was cut by the local authorities in June 1997, and
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Figure 1. Location of the study area.

represents an ideal place for the study of sediment dynamics
of these systems. The inlet was cut through a 10 m high dune
system. It is approximately 250 m in width at mean sea level
and about 400 m in width between the dune cliffs. The max-
imum depth of the channel is 7.5 m. The ebb delta swash
platform covers an area of approximately 40,000 m2. Evolu-
tion of this inlet was monitored since its opening (VILA et al.,
1999). During the first year, morphodynamics were charac-
terised by the formation and enlargement of both tidal deltas.
During low wave energy conditions, the ebb-tidal delta be-
came larger with a significant amount of sand deposited, in
particular on the updrift western coast. During high energy
conditions, the ebb-tidal delta was eroded and destroyed. The
inlet reached an equilibrium one year after its opening with
a value of 200 m at mean sea level (VILA et al., 1999).

The Ria Formosa coast is a meso-tidal site (tidal range is
comprised between 2 and 3.5 m) (GRANJA et al., 1984; PILKEY
et al., 1989) and it is wave-dominated (Davis and HAYES,
1984). Wave heights are in the range 1-4 m with wave pe-
riods between 4 and 14 seconds. Waves approach mainly from
WSW cause cliffs erosion to the west. This erosion generates
high suspended sediment concentrations. Sediments, carried
by strong longshore currents, interact with ebb current dis-
charge at the inlet.

The Barra Nova inlet is characterised by strong tidal cur-
rents and both the flood-tidal delta and ebb-tidal delta are
well developed. To get an approximation of the tidal prism,
we have used an empirical relation existing between inlet
throat and tidal prism:

Q= VA,IC (3)

where A, is the inlet throat cross sectional area (m?), () is the
tidal prism (m?) which is the volume of water that flows into
the inlet between low water and high water (spring tides)
(O’BRIEN, 1931), C and n are constants determined from re-
gression analysis (O’'BRIEN, 1931, 1969; JARRET, 1976; ME-
THA, 1976; GoopwIN, 1996; MicHEL, 1997; SALLES, 2000).
Values of C = 4 X 10* and n = 0.9047, obtained from a
bibliographic review of several inlets (MICHEL, 1997) were
used. The tidal prism with the actual characteristics of the
inlet is about 8.5 X 10¢ m3.
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Fluorescent tracer experiments were conducted, giving sed-
iment transport rates for given hydrodynamic conditions
(BALOUIN et al., 2000). These values were then used to vali-
date the most commonly used theoretical formulation (Kam-
PHUIS, 1991). Real wave data recorded during the campaign
permits the calculation of the longshore drift transport along
the adjacent beach. This gives sediment transport by long-
shore drift of approximately 10,500 m?/month. The ratio r
(see Eq. 1) obtained is 90. This indicates that bypassing past
the inlet should occur by stable inlet processes or by ebb-tidal
delta breaching (FITZGERALD et al., 1978).

The second method (BRUUN, 1978) gives a ratio r (see Eq.
2) by 70-80. With the model defined by Oertel (SL; =~ 8 SL,,
and r is 70-80), this inlet is a type C as described above. From
this an oblique orientation of the ebb delta and channel
should be observed.

Based on its actual characteristics, and considering the em-
pirical relationships aforementioned, the Barra Nova inlet
should be considered as a relatively stable inlet (with slow
migration), where tidal currents create a strong interference
with the littoral sand transport and where bypassing occurs
either by stable inlet processes or ebb-tidal delta breaching
after an oblique orientation of the delta and channel.

The morphological behaviour of the swash platform during
fair weather conditions will be used to define by which of
these two processes the sediment bypasses this inlet.

MORPHODYNAMICS AND SEDIMENTARY
DYNAMICS OF THE EBB TIDAL DELTA

To study the short term evolution of the Barra Nova inlet,
a field campaign took place from January 27 to March 10
1999 on the Algarve coast. Morphological evolution of the in-
tertidal zone was measured by means of topographic surveys
(using laser total stations) of the ebb-tidal delta undertaken
at low tide every 4-5 days over a 6 week period. This topo-
graphic information is used to quantify the short-term mor-
phodynamics of the coastal system, in connection with the
tidal cycle and weather variations occurring during the field-
work (MicHEL and Howa, 1998). In the subtidal zone, two
bathymetric surveys were carried out, in the inlet zone, and
along the adjacent coasts with a very accurate GPS (real time
kinematics GPS) coupled to an echo-sounder.

In order to quantify short term sediment fluxes for known
hydrodynamic conditions, fluorescent tracer experiments
were carried out, both on the ebb tidal delta and along the
adjacent coast.

During the field experiment, the hydrodynamic conditions
were relatively calm with wave approaches from W (260°N),
with significant wave height (Hs) and period (Ts) ranging
from 0.3—1 m and 4-6s respectively.

Longshore drift quantification along the updrift coast

In order to quantify sediment transport occurring during
fair weather conditions, two standard fluorescent tracer ex-
periments (YAsso, 1966; DUANE and JAMES, 1980; WHITE
and INMAN, 1989) were undertaken on the updrift coast fol-
lowing the methodology described by Howa and DE RESSE-
GUIER (1994), HowaA et al. (1997). The first experiment was

Ebb tidal delta

Figure 2. Morphology of the ebb shoal platform, the Barra Nova inlet.
Topographic levels are referred to the MSL. C1, C2 and C3 are the chan-
nels between the bars.

performed approximately 800 m westward from the inlet. The
tracer mass centroid moved 25 m eastwards. The intertidal
zone was approximately 30 m in width giving a residual
transport toward the inlet of 2.6 X 10* m?%s (about 6,000 m3
for the survey period). A second experiment was conducted
on 28/02/99 on the updrift coast, at approximately 200m NW
from the inlet. In this case, the intertidal zone was larger (62
m). An eastward sand transport of 4.24 X 10® m?/s was ob-
tained (7,728 m? for the survey period, 10,500 m*/month).

For similar conditions (H, = 0.3-0.4 m) on Culatra beach
on the Ria Formosa barrier island, CiavoLA et al. (1997)
found rates of tracer advection in a longshore direction of 2.3
X 103, 1.38 X 102 and 2.3 X 10 m?/s for 3 successive tides.

The results from these experiments were used to validate
the empirical formulation of KaAMPHUIS (1986, 1993) which
appeared to be more appropriate than other formulations for
the Algarve coast under fair weather conditions. Hence, this
formula was used to extrapolate the results of our experi-
ments. The longshore drift generated during fair weather
condition was estimated to amount 10,500 m*month (or
8,000 m? for the 23 days experiment).

Morphodynamics of the Swash Platform

The study area focuses on the swash platform which is
formed on the updrift coast of the inlet. The area is charac-
terised by three sandy bars separated by small channels (see
Figure 2). The first bar B1 is attached to the berm on the
western part, and separated on the eastern part by a trough,
channel 1 (C1). The second bar (B2) extends along the major
part of the zone, and the third bar B3, is located on the sea-
ward end of delta. The extremity of Ancao peninsula is char-
acterised by i) a 4 m height cliff cut in the dune; i) a well

Journal of Coastal Research, Vol. 17, No. 4, 2001



Swash Platform Morphology, South Portugal 787

developed berm whose backshore extends over approximately
50 m; and iii) a very steep berm slope which sinks directly in
the inlet.

Comparison between successive topographic surveys was
used to quantify the morphological evolution of this part of
the ebb-tidal delta for fair weather conditions.

The volume of sediment in the whole area increased pro-
gressively during the campaign (about 6,500 m? for one
month) (see Figure 3). Considering the two bars (B1 and B2)
separately, it can be seen that changes in volume for the first
bar (B1) are very important (11,000 m? for one month). At
the beginning of the survey, the variations of this bar’s to-
pography represent almost all the variations observed in the
area. From February 25, 1999 to the end of the survey (March
10, 1999), accretion is more important for this first bar than
for the entire area. This means that nearly all the accretion
observed in this part of the ebb-tidal delta is provided by sand
accumulation in the first bar. In addition, the volume varia-
tion of this first bar corresponds to the estimated volume of
sand transported by longshore drift during the survey (about
8,000 m?). The sediment responsible for the accretion of this
first bar is most likely provided by the adjacent beach. It
corresponds to the sediment supply by littoral drift from the
updrift coast to the swash platform. This bar migrates toward
the inlet, and reaches the channel on March 05, 1999, after
an eastward migration of more than 60 m.

The volume variations of the second bar (B2) were less im-
portant (see Figure 3c). Its volume increased by approxi-
mately 500 m*® during the survey (which corresponds to 650
m?*month). This and the third bar are also very dynamic and
tend to migrate toward the inlet under WSW wave action.
The bar B2 migrated 15-20 m/10 days from 25/02 to 05/03
(see Figure 4). The corresponding sediment transport esti-
mated by a fluorescent tracer experiment was 1 m?®m/tide
(BALoOUIN and Howa, 2000).

The morphodynamic behaviour of the swash platform is
characterised by the movements of these bars, but other com-
ponents of the area show a rapid evolution as well. The ex-
tremity of Ancédo Peninsula is immediately eroded. The top
of the berm moved back 14 m in one month (see Figure 3b).
This represents about 4,000 m* of sediment eroded in this
area per month. This important erosion is due to the narrow
eastern channel discharge where the ebb-tidal current is
stronger than in the western one. As a consequence there is
no accumulation at the extremity of the west updrift coast
and that sediment supplied by the littoral drift is redistrib-
uted.

A sandy spit is progressively formed at the internal ex-
tremity of the ebb shoals platform (see Figure 4). The volume
of this sandy spit is about 3,000 m* at the end of the survey
implying an accumulation of 4,000 m*/month.

DISCUSSION

The morphological evolution of the inlet for calm hydro-
dynamic conditions is characterised by sand accumulation
creating ebb shoals on the updrift side, migration of the
shoals toward the inlet under wave action, and construction

of a sandy spit at the extremity of the shoal platform which
connects with the terminal lobe of the ebb-tidal delta.

Morphodynamics on the swash platform is characterised by
the migration of the swash bars toward the inlet under the
combined action of flood currents, waves from W, which re-
fract over the ebb delta shoals, with crossing crests over the
shoals (OERTEL, 1975; KOMAR, 1996). Wave action on the ad-
jacent beach results in an important longshore current which
provides sediment to the first bar by migration along the
berm, and implies the migration of this first bar toward the
inlet. The progressive migration of these swash bars implies
a progressive migration of the whole swash platform toward
the inlet.

A significant erosion was quantified at the Ancdo peninsula
extremity on the western side of the inlet gorge, which rep-
resents a displacement of the top of the berm by 14 m North-
westward in one month. This erosion results from the strong
ebb current in the channel, in particular in the Eastern chan-
nel on the lagoon side (see Figure 5). The importance of this
channel is clearly demonstrated by a rotation of the bedforms
at the confluence point of the two channels, and by the ero-
sion of Ancao Peninsula which is concentrated on the part
reached by the current of the eastern channel. This strong
current affects mainly the west side of the channel, and leads
to a progressive migration of sediment along the channel, by
megaripple migration along the swash platform. This erosion
shows that even when the longshore transport is important
along the adjacent coast, there is no notable accumulation at
the extremity of Ancao Peninsula. Spit growth usually occur-
ring in this area was not observed during this fair weather
period and all the sediment transported to Ancéo spit is re-
distributed. Moreover, this erosion results in an increase of
the width of the inlet with a widening rate of 14 m/month
westward. This corresponds to the mean widening velocity
observed since the opening of the inlet (ViLA et al., 1999).
The width between cliffs of the dune remain stable since
April 98 (ViLa et al., 1999).

Another aspect of the morphodynamics of this swash plat-
form is the construction of a sandy spit at the internal ex-
tremity of the ebb tidal delta. This spit is formed by a pro-
gressive migration of megaripples along the ebb channel.
These processes induce the progressive rotation of the plat-
form toward the inlet by erosion at one side and accumulation
at the other side, which tends to close it gradually.

Sedimentary Budget of the Swash Platform

Comparison between successive topographic surveys is
used to estimate sediment transport, both in terms of mor-
phological evolution and in terms of volume transported.

The beach slope on the adjacent updrift coast is steep
(0.11), so that the longshore transport is concentrated on a
limited width of the beach: the berm slope. Sediment supplied
by the adjacent updrift coast to the studied swash platform
is about 10,500-11,000 m*/month. The increase of volume of
the first bar (by 11,000 m3/month) corresponds to the sedi-
ment transport by littoral drift along the adjacent beach and
is effectively done by accumulation on the first bar attached
to the berm.
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Figure 3. (a) E-W transect of the platform, (b) Cross-shore transect at the end of Ancéo peninsula, (¢) Cumulate volume variations during the survey.

The variations of volume of the second bar were very low
during the survey (about 650 m?*/month), but the dynamics of
this area were very important, with a residual transport over
the bar of 7.0 X 10 m*m/s (BALOUIN and Howa, 2000).

Another interesting point of the sedimentary budget is the
construction of a spit at the extremity of the platform which
coincides with erosion of the berm at the end of the peninsula
(Ancao spit lost 4,000 m*month and construction of the
swash platform spit required the same quantity of sediment).
The volume of this spit increased progressively while erosion
of the Ancdo berm became stronger. Moreover, although we
have no measurements to connect directly these two varia-
tions, ebb-oriented megaripples show important transport
along the channel from the inlet to the delta and the sandy
spit. Hence, it seems that the sandy spit is formed at least
partly by sediment provided by the peninsula erosion.

The volume of the whole area increased to 4,600 m? during
the survey, which represents an accumulation of 6,500 m?/
month (see Figure 6). This volume calculation does not take
into account the volume of the sandy spit. Hence, including
the sandy spit construction, accretion of the swash platform
is estimated to amount approximately 10,500 m*month. Sed-
iment input by longshore drift to the platform system is
quantified to be about 10,500-11,000 m?*month. This implies
that there is an equilibrium between sediment input and ac-
cretion of sand on the swash platform. This indicates that no

sediment is lost from the swash platform, and that no by-
passing of sediment occurred along the inlet during the sur-
vey.

An other equilibrium in sediment budget has been quan-
tified between erosion at the extremity of Ancdo Peninsula
(loss of 4,000 m? of sediment) and accretion on the sand spit
at the extremity of the swash platform (see Figure 6). Two
hypotheses may be considered for the construction of this
sand spit: i) it was formed by the sand eroded at Ancéo pen-
insula transported along the ebb channel, or ii) the sediment
is provided by the erosion of the flood delta by tidal currents.
ViLA et al. (1999) demonstrated that strong accumulation oc-
curs on the flood delta of the inlet. This observation is incom-
patible with the second hypothesis previously proposed and
it can consequently be assumed that the sediment forming
the spit was provided by the erosion of Ancdo Peninsula. This
implies that sediment transported by the longshore drift is
redistributed by ebb-tidal currents, favouring a cell circula-
tion of sediment from an extremity of the swash platform to
the other, thereby constructing the spit. Moreover, the equi-
librium of the sedimentary budget of the swash platform in-
dicates that the progressive migration of the swash bars does
not constitute a loss of sediment for the system, but rather a
progressive migration of the whole platform toward the inlet,
which implies a progressive migration of the ebb channel. If
the inlet throat did not migrate during the survey (dune
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cliffs), the ebb channel was strongly shifted by the movement
of this part of the ebb delta.

CONCLUSION

This study has permitted quantification of the morphody-
namics of the updrift ebb tidal delta swash platform. For-
mation and development of this zone result from the inter-
action between incident waves and the strong ebb current
that act as a real hydrodynamic barrier to the longshore drift.
This swash platform is only active during high tide and is
entirely emerged at low tide.

The main observation is the accretion of the swash plat-
form during the survey. Incident waves from SW allow the
accumulation of sediment on this part of the ebb tidal delta,
both by the longshore drift along the adjacent west coast and
by direct accumulation due to wave-induced transport. Sedi-
ment supply by the longshore drift is clearly provided by the
adjacent coast along the berm slope and generates the accre-
tion of the first bar. Using the variation in volume of the first
bar, the longshore drift is estimated to be 10,500 m*/ month.
This agrees with the theoretical estimation of the longshore
drift. Variations in volume of the two other bars (B2 and B3)
are less important (650 m? accumulated in one month for B2).
Erosion of the berm at the extremity of Ancao Peninsula is
approximately 4,000 m*/month. This erosion is compensated
by the progressive construction of the spit, where accumula-
tion is about 4,000 m*/month.

The accretion of the swash platform area was quantified to
be approximately 6,500 m*month, without taking account of
the spit. Including the spit, a global accumulation of 10,500
m?*month was estimated for the entire swash platform. This
implies there is an equilibrium between inputs by the long-
shore drift, and accretion on the swash platform.

At the same time, swash bars are moving toward the inlet
in the direction of incident waves. Movement of sediment
along this part of the ebb-tidal delta is due to waves, such
that the interaction between incident waves and refracted
waves increases the quantity of sand transported.

During this survey, the swash platform has migrated to-
ward the inlet, with a rate of about 20 m/month for the cen-
tral platform (B2), and more than 60 m in one month for the
first bar. This migration is combined with accumulation
forming a spit at the extremity of the platform, resulting from
erosion and migration of the west inlet coast sediment. This
tends to rotate the delta which becomes increasingly oblique
(rotation of 10° of the main axis of the swash platform zone),
to rotate the entire inlet axis and to close it progressively. A
next storm event could result in the destruction of the swash
platform and promote a shore normal re-orientation of the
main channel, as it was observed several times since the
opening of the Barra Nova inlet.

The quantification of the morphological evolution of the
swash platform yields the validation of a theoretical behav-
iour model for inlet evolution. The morphodynamics of the
swash platform indicate that during fair weather conditions,
the Barra Nova inlet begins a process of downdrift-trending
of the ebb-tidal delta. The expected evolution of such an inlet
is either through the closure by the progressive downdrift

deflection of the whole system, or its reactivation by ebb tidal
delta breaching as described by FirzGERALD (1982).
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