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The impact of a submerged irregular shoal in front of a beach, nourished through the disposal of dredged sediment,
was analyzed in terms of the physics of the coastal system. Its effect on the waves transformations as they progress
towards the shore and on the resultant incident wave energy at the beach was assessed through mathematical
modelling. The results reveal that the effect of the shoal on the wave deformation process is not localized
immediately after the shoal and attenuated as waves progress shoreward, but is extensive to the nearshore region up
to shoreline, generating a complex wave propagation pattern with high gradients of wave energy in both longshore
and cross-shore directions, whose magnitude and energy involved increase with the wave period. A direct
consequence of this phenomenon is the increase of instability for navigation and the modification of the nearshore
sediment transport forcing conditions.
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ABSTRACT

Impact of a DisposalArea of Dredged Sediment in Front of a Beach

F. S. B. F. Oliveira †

INTRODUCTION

The objective of the present study is to analyze the impact of
a sea bottom irregular shoal, developed through the disposal of
dredged sediment, in front of Hac-Sá beach. The methodology
used is not exclusive for this particular beach but can be applied
for any analysis of the same type.

Hac-Sá beach, a narrow pocket beach with about 1.2 km
long and a general NNE-SSW shoreline alignment, is located in
Hac-Sá bay (Figure 1), in the east coast of Coloane island (part
of Macau, a SpecialAdministrative Region in the south coast of
People's Republic of China), and faces the South China Sea of
the Pacific Ocean. The recent morphological evolution of this
nearshore region (O , 2002) is characterized by sea
bottom changes and coastline configuration changes: the
growth of a submerged irregular shoal, which top was in 2001
located at Latitude 22º06 06 and Longitude 113º36 48
(Figure 1), resultant from disposal of dredged sediment; a
general sediment deposition over the last 18 years in all the
nearshore region, at an accretion rate of 2-3 cm.year ; and the
advance of the two headlands that confine Hac-Sá bay, Hac-Sá
and Ká-Hó, through land reclamation works performed in the
last decade.

The disposal of dredged sediment in a nearshore region can
have a multidisciplinary impact, i.e., interfere with several
aspects of the coastal system (water quality, ecosystem biology,
amongst others) but in the present study, only the physical
aspects will be addressed. In general the effect of a nearshore
spoil ground area on the hydrodynamic and morphodynamic
conditions can be either restricted to a particular area within its
vicinity, or extensive to a larger area including the beach,
depending on its position relatively to the shoreline and its
volumetric dimension. It can modify the beach sediment
transport processes and the beach configuration: either if the
disposed sediments are located within the surf zone or an area,
before the surf zone, where they can be put into suspension and
then driven by nearshore currents towards the beach; or if the
accumulated disposed sediments form a sea bottom
morphological feature that changes the nearshore wave
propagation and deformation processes and consequently, the
wave action at the beach.

In this particular case, the spoil ground area is far enough
from the surf zone, which goes down to about 1 m bellow chart
datum (CD) (O , 2002), and studies of the regional
hydrodynamics (P , 1998) show that ebb and flood
current intensities decay near the coast and are very small inside

Hac-Sá bay. However, due to its location, the shoal can affect
the wave deformation process. The key points are: how much;
and if this disturbance occurs only in the vicinity of the shoal or
is extensive to the bay region and the beach. It is the objective of
the analysis to clarify these points.

This paper is structured as follows: the present chapter points
out the objective of the study, describes the area of study and its
recent morphological evolution, and presents a brief theoretical
perspective of the possible impacts of an irregular shoal on the
dynamics of a coastal area; chapter two describes the
methodology applied; chapter three presents the results of a
statistic analysis performed to characterize the offshore waves
that reach the bay and whose propagation process is affected by
the presence of the shoal; chapter four, presents the numerical
model applied and its validation for the present application;
chapter five presents and interprets critically the waves
transformations between the shoal and the beach; finally in
chapter six, critical and conclusive remarks on the analysis and
its methodology are drawn out.

The analysis of the offshore wave regime allows the
identification and characterization of the waves that, in the
process of propagation shoreward, are affected by the shoal.
The result is the schematization of a set of monochromatic
waves representative of the incident wave regime affected
components. A numerical model of wave propagation, which
simulates the physical processes of sea wave refraction,
diffraction, reflection and energy dissipation due to breaking, is
then applied to obtain the wave climate between the shoal and
the beach, for the above wave regime components. The analysis
of the results obtained allows to evaluate the effect of the
particular morphological feature that is the shoal on the wave
deformation process, and to estimate the wave energy
distribution in the nearshore region and the resultant wave
action at the beach.
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METHODOLOGY

WAVE REGIME AFFECTED COMPONENTS

The components of the average annual offshore wave regime
that propagate over the spoil ground area and reach Hac-Sá
beach have an offshore incident direction from the sector N105-
135º. The statistic analysis of the offshore wave regime
(O , 2002a) shows that this directional sector is the mostLIVEIRA
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The significant wave height (Hs) distribution and the zero
upcrossing period (Tz) distribution, for waves within the
directional sector N105-135º, are presented in Figures 3 and 4
respectively. Most of the waves from this directional sector,
about 46%, have an Hs between 0.25 and 0.50 m. The second
largest Hs class of occurrence is [0.50-0.75], with about 36%.
Waves with Hs between 0.75 and 1.00 m correspond to 8%, the
same occurrence as waves with Hs lower than 0.25m. Like for
the case of waves with Hs between 1.00 and 1.25 m, waves with
Hs higher than 1.25 m correspond to 1%. In what concerns Tz
distribution, the results of the statistic analysis show that about
50% of the incoming waves from N105-135º have a Tz between
3 and 4 s. The second largest Tz class of occurrence is [4-5],
with about 29%. Waves with Tz between 5 and 6 s correspond to
11%. Waves with Tz lower than 3 s and higher than 6 s
correspond to 5% each.

To perform the analysis of the impact of the disposal area of
dredged sediment in front of the beach, it is required the
application of a numerical model that simulates accurately the
major phenomena involved in the wave deformation process as
waves propagate shoreward. The wave propagation model
applied is based on a time dependent linear system of
hyperbolic equations (motion and continuity), discretised by a
finite differences technique (O , 1997). It simulates
wave transformations due to the processes of refraction,
diffraction, reflection and wave decay due to energy dissipation
by breaking.

The model was validated (correctness and accuracy verified)
through the comparison with: experimental results (B

, 1982) and numerical results from other mathematical
models (B , 1982; P ., 1988;
O , 1997), for wave transformation over an elliptic shoal
lying on a plain beach; and analytical solution of linear wave
diffraction by a detached breakwater, a semi-infinite
breakwater and a breakwater gap, for wave transformation in
the surroundings of structures (O , 2000b). It has also
been applied successfully in several case studies (O ,
2002b).

NUMERICAL MODEL APPLIED
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Figure 1. Location of the study area (based on CAPITANIA
DOS PORTOS (2001)).

Figure 4. Tz distribution within the directional sector N105-135º
(annual average).

Figure 2. Directional wave distribution (annual average).

Figure 3. Hs distribution within the directional sector N105-135º
(annual average).

Figure 5. Sea bottom geometry of the area of study: depth (m) at mean sea level. Schematic view of transects locations.
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EFFECT OF THE SHOAL ON WAVE
PROPAGATION

A detailed layout of the bottom geometry of the area of study
can be seen in Figure 5, together with the location of four
transversal and nine longitudinal transects used to analyze the
results. The irregular shoal is located at the entrance of the
numerical domain at about 5 km from the shoreline. It lies down
over a very mild-slope, approximately 1:1000. The numerical
domain considered has the alignment of the bisecting line of the
incident directional wave sector N105-135º that is, N120º.

The numerical model was applied to obtain the wave climate
in the area of study for the three incident waves representative of
the components of the average annual wave regime that reach
the beach and are affected by the shoal, obtained based on the
results of the statistic analysis described in the third chapter. The
magnitude of the waves characterization parameters is: 3, 5 and
7 s for Tz; N120º for the incident direction; and 1.00 m for Hs,
since the model is valid for linear waves, and therefore the
results are independent of the incident wave height outside the
surf zone that is, in the absence of wave breaking. The
numerical simulations were performed for mean sea level (1.8
m above CD).

The wave amplification factor (ratio between the local wave
amplitude and the wave amplitude at the entrance of the

numerical domain) is presented in Figures 6 a), b) and c), for the
2-D horizontal grid, for each simulation performed. The
physical wave transformation that occurs behind the shoal can
be described in two main phases: the first, is a convergence of
wave energy (resultant from crossing waves) that occurs
immediately after the top area of the shoal (between transects l1
and l2), which is mainly due to the refraction process generated
by the geometry of the shoal; the second, a more complex phase,
is dominated by the diffraction process (lateral transference of
wave energy along the wave crest) and simultaneous refraction,
as waves carry on propagating at an angle to the bottom
contours.

The results reveal that the extension of the area in which the
wave transformation process is affected by the presence of the
shoal increases with the wave period as well as the energy
gradient in both longshore and cross-shore directions.

Longitudinal (li, i=1 to 9) and transversal (ti, i=1 to 4)
transects, marked in Figure 5, spaced 500 and 250 m
respectively, were used to analyze the results in detail. The
comparison of t1 and t3, located in the vicinity and in front of the
top of the shoal respectively, confirms that the first area of
energy concentration immediately after the shoal occurs within
the first 500 m (Figure 7 b)), and between the transversal
transects t2 and t4. The presence of the shoal does not affect the
shortest wave propagation along t1 (Figure 7 a)) but, for this
transect, as the wave period increases, it gradually starts to
affect the wave propagation at a closer distance from the centre
of the shoal. The results along transect t3 (Figure 7 b)) confirm
that the wave transformation pattern for the two longest waves
is very similar, revealing a significant energy gradient, despite
the wave climate being more energetic for the longest wave.

The analysis of the results along the transversal transects
shows that, like for the longitudinal energy variation, the
transversal wave energy gradient increases with the wave
period and with the distance from the shoal (Figures 8 a) to d), e)
and f)). The wave energy that reaches the bay entrance is higher
at the northern side for the shortest wave and presents a high
alongshore variability for the longest waves (Figure 8 f)).

Linear wave propagation models tested for the benchmark
test case of Berkhoff's elliptic shoal lying on a plain beach give
in general very good results in terms of following the trend of
the laboratory data and reasonable results in terms of accuracy.
Due to neglecting nonlinear effects, the numerical models
slightly over predict the convergence process that occurs behind
the shoal and predict the attenuation of the effects caused by the
presence of the shoal at a faster rate than what really happens in
the laboratory experiment. Based on these observations, and
despite the inexistence of local measurements to confirm the
results of this particular study, it can be stated that the maximum
value of 2.8 found for the wave amplification factor in the areas
of wave convergence might be slightly over predicted. On the
other hand, the fact that linear models predict the attenuation of
the effect of the shoal rather earlier, guarantees that, in the
present coastal region, the area in which the wave
transformation process is affected by the presence of the shoal
goes up to the shoreline.

Nearshore Wave Transformation

Figure 6. Numerical results of wave propagation for incident
waves: a) Tz=3s; b) Tz=5s; c) Tz=7s.

Figure 7. Results along transversal transects: a) t1; b) t3.
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CONCLUSIONS

S
The impact of a submerged irregular shoal in front of a beach,

nourished through the disposal of dredged sediment, was
analyzed in terms of the physics of the coastal system. The
objective of the study was to evaluate its effect on the wave
propagation and deformation processes, and consequently on
the wave action at the beach. The application of a linear wave
propagation model allowed obtaining the wave climate in the
nearshore region between the shoal and the shoreline for the
components of the offshore wave regime that simultaneously
propagate over the spoil ground area and reach the beach. The
presence of a submerged shoal over a mild-slope generates a
complex wave transformation pattern after the shoal,
corresponding to two main phases: the formation of a cusped
caustic in the wave-ray approximation, generated by refraction
around the shoal; and a refraction-diffraction process
characterized by areas of energy concentration and lowering.
The results reveal that the effect of the shoal on the wave
deformation process is not localized immediately after the shoal
and attenuated as waves progress shoreward, but is extensive up
to coastline, generating high gradients of wave energy in both
longshore and cross-shore directions, whose magnitude and
energy involved increase with the wave period.

The main consequences of this phenomenon are: instability
for navigation in all the nearshore area, used by recreational
boats to access the Nautical Club; and changes on the beach
sediment transport processes due to the new hydrodynamic
conditions.

The major limitation of the present study concerns the

exclusion of nonlinear effects like wave deformation due to
wave induced currents produced by differential wave pattern.

The author thanks to Laboratório de Engenharia Civil de
Macau (LECM) for authorizing the use of data for this
investigation.
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