ARTIFICIAL NOURISHMENT AND SAND BY-PASSING IN THE A VEIRO INLET,
PORTUGAL — NUMERICAL STUDIES
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Artificial sand nourishment systems are a poterstidition to mitigate erosion beach problems, hgwieen applied
in many cases around the world, especially in th®.Al and Australia. For the Aveiro inlet, the fictal sand
by-passing systems may be a good option, due tavhéability of sediments accumulating at the hoof the
northern Aveiro inlet breakwater. A fixed artifitisand by-passing system can be proposed. Howgxed and
continuous sand by-passing systems are the mosinsixe solutions. In order to reduce the econonasplect,
periodic sand nourishment and semi-mobile systemgeesented as an alternative. For those, diffeptions of
artificial nourishment can be proposed, dependingsediments volumes, location, distribution areamber of
periodic operations, etc. Discussion about theltesaf the numerical simulations of shoreline etioo after
different artificial nourishments scenarios at sogithern part of the Aveiro inlet, in Portugalpiesented. Shoreline
accretion/erosion rates, sediment transport voluames profile sediment budgets have similar behaviwer time
and along the coastal stretch, for all the testetharios. Generally, important coastal erosionkmamitigated with
artificial nourishments and numerical modeling deelp to improve the nourishments performance. R open
sandy coast, the sand nourishment simulations &letier results near the deposit location for aggleoif time lower
than 20 years. After that period, the nourishméfece is smaller. The southern profiles start bamef with the
nourishment after ten or more years.
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INTRODUCTION

In a context of important coastal erosion, it is crutiahave tools available to decision-makers,
which allow the evaluation of different scenarios, and #hecsion of the best engineering solutions to a
particular coastal problem. Artificial sand nourishmentesystrepresent a potential solution to mitigate
the beach erosion problems. Innumerous successful casesapgied around the world, mainly in
U.S.A and Australia. For the Aveiro inlet, located in B@tuguese northwest coast, the artificial sand
by-passing system may be a good option, due to the avaylaifiediments accumulating at the north
of the northern Aveiro inlet breakwater. A fixed artidiicsand by-passing system can be proposed, as
presented by Pinheiro (2006). That proposal was supported osdlef 5 semi-mobile pumps placed
in the northern breakwater, in order to allow a greater coveradea higher productivity. However,
according to Pinheiro (2006), fixed and continuous sand by-passitegnsyare the most expensive
solutions. In order to reduce the economical aspect, pergmhd nourishment and semi-mobile
systems are also presented as an alternative to fixed system

The study of the several options of artificial sandpbgsing is required for the Aveiro inlet, since
this kind of system has never been used in Portugal andgheeesents high erosion rates. The LTC
numerical model (Coelhet al, 2004) was used to assess different sand nourishment ss)uitio
accordance with several scenarios, in order to try to uaersheir effects in the Aveiro inlet
neighborhood. To do that, it was necessary to know some da@gtics of the area, such as wave
climate (wave height, wave direction and wave period), sedirgegin size, sediment transport
volumes, bathymetry and topography. The studied solutiahsdied the two types of sand by-passing
systems: continuous sand nourishment (sand by-pass) and pesadic nourishments (artificial
nourishment). The sediments source area was at the nohia mbithern breakwater of the Aveiro inlet
(at S. Jacinto).

In the numerical simulations performed with the LTC elpd constant wave, representative of the
wave climate was adopted, in order to allow an easisparison of results. Firstly, a non-intervention
situation corresponding to no sediments nourishment down drift oAtb&o inlet was considered.
Then, sand by-passing nourishment was assessed, represdfféngntdsediment transport rates
crossing the Aveiro inlet. Different situations of samaurishments were also tested, assuming that
sources and sinks correspond to areas where the sedimermisaved or distributed in a uniform way.
The dredging area was maintained for all tests. Deposdanditions differed in added volumes,
location in depth, location along the coast, deposition anelatime and number of works operations.
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For each of the simulations, solid transport volumes, sedimetgets in control sections and shoreline
advance or retreat rates were compared and analyzed.

ARTIFICIAL NOURISHMENT AND SAND BY-PASSING SYSTEMS

The artificial sand nourishment consists on dredging sedémtnbe transported and deposited in
an area where they are in deficit (Figure 1). Sand byiEasystems are one type of artificial sand
nourishment processes, which can be used for mitigating the veegatisive effects introduced by the
construction of breakwaters, trying to reproduce the previatigal movement of sediments.

a) Hydraulic dredging system b) Mechanical dredging system

Figure 1. Aspects of dredging operations

Some aspects should be considered in order to guaranteedadgsign of sand nourishment
interventions. For instance, it is important to define tharacteristics of the sediments used in the
nourishment intervention. Sediments grain size should be similéwe characteristic of the nourished
beach, because coarser sand, in spite of being more stk define higher slopes than the original
beach and finer sand would be easily transported bywieat waves. Sediments color, mineral
composition and specific weight are attributes which affect beach users’ patterns. For instance, a
different color of the sand could reduce the number oftbegers. Sediments toxicity can forbid their
use. In fact, many of the dredged sediments are polluteccamibt be used. OSPAR Convention
defines rules for the use of sediments (OSPAR, 2008}0Qxse, sediments availability is fundamental
and the distance between the nourishment source and the depasstioshould be considered on the
nourishment design. A good sustainability of operations corresporadtificial nourishment with sand
from dredged inlets, which have a low contamination degwed grain sizes compatible with the
contiguous beaches.

For a beach nourishment intervention it is required themedge of the local topography and
bathymetry and the available amounts of sediments. Dredgithgnonitoring plans must be defined. It
is also important to compare the case study with pusviexperiences. Three different types of
nourishment effects should be evaluated: bottom level tidgigity, noise and perturbation of the local
community associated to the nourishment operations; distibofithe added material along the coast
over time. The last factor is analyzed in this paper.

STUDY AREA

The Aveiro inlet is located in the northwest Portuguesesic@-igure 2), which is a highly energetic
sandy coast, with a typical wave regime from northwelsracterized by a mean significant wave
height of 2 m and a mean wave period of 12 s. During stooowyrring especially in the winter,
offshore significant wave heights may reach 8 m and pexgith 5 days (Costet al, 2001). The tide
regime is semi-diurnal with a tidal range between 2 tham in spring tides. The potential alongshore
transport is mainly due to the wave action with valueséen 1 and 2xTom’/year. Along this coastal
stretch, the natural processes of sediment transpoe¢ baen changed by the construction of
breakwaters, needed to ensure good conditions in navigationethaat harbors entrances and inlets.
Consequently, accretion beaches develop on the ugsidiétof the breakwaters and shorelines’ retreat
down drift, with potential negative effects on local eaog@nd tourism (Silvat al, 2007).



I Vi i
e

\

\

™ Douro Mouth

\:*O O
|

b

a) Aveiro lagoon inlet 7 ) N b) Portuguese NW coast
Figure 2. Location of the study area (Google Earth)

The coastal erosion causes and their relative importaecsita specific, changing from place to
place. In the Portuguese northwest coast case, nantelgdseDouro river and Nazaré, coastal erosion
is mainly due to the generalized sea-level rise, theutaid littoral occupation and use, sometimes with
natural defenses destruction, the external works in hasoich result in perturbations in the littoral
system and the reduction of sediments supply from naturatesuMoreover, the sediment supply
reduction (negative sediment transport balance is mainlyaltietdecrease of Douro river sediment
supply) is considered the main cause of the erosion problénm finis coastal stretch (Silvet al,
2007).

Douro river sediment transport reduction is related to &umactions. The sediments supply to
coastal areas decreased drastically in the last 38.yeainted values for natural conditions are from
1.5 to 2 million nllyear of sediment supply by Douro river, but now thalue is under
250 000 rmYyear (Bettencourt, 1997). Anthropogenic actions in ther®oiver basin that interact with
the sediment transport rates can be of two different typaks on the river itself or in its basin. Those
actions represent variations on available water andnesdivolumes and sediment transport capacity.
The works on the river have impact on the sediment volumansport and interventions on the basin
have impact on the production of sediments by soil erosionsDamhydroelectric purposes, for water
supply, for irrigation and for leisure activities, dredgingaow navigability, sand extraction for
construction and fluvial protection works can be reféae the first type. Changes in the land use, on
the agricultural techniques and on the soil protectiorirataded in the second type of anthropogenic
actions (Coelhet al, 2009).

METHOD

Numerical Model

If the important coastal erosion problems are due to the edcarmount of sand, to feed the coastal
stretch with sediments can be a solution to mitigate the problith the goal of study shoreline
evolution and coastal defense interventions, a numerical model {ILb@g Term Configuration) for
coastal evolution simulation at medium to long term was develdpavas firstly presented in ICCE
2004 (Coelhoet al, 2004) and has been improved (Coe#toal, 2007). The model combines a
classical one-line model with a rule based model.ds @esigned for sandy beaches where the main
cause of shoreline evolution is the alongshore sediment tranepeentially dependent on the wave
regime, the sediment characteristics and the sand avajlabiie model assumes that each wave acts
during a certain period of time (computational time steg)iamble to generate sediment transport. The
model requires three-dimensional topographic data whicthasged during calculation. Moreover,
different coastal structures can be simultaneously deresi and extensive areas can be represented up
to fifty years.



The volume of sediments in transport alongshore is givemghrthe continuity equation and it is
distributed along the active profile, according to preuheitged rules, between the closure depth and
wave run-up limit. The alongshore transport rates are atnthrough the application of formulae
which depend on the shoreline to wave breaking angle andathelweaking height and, in some cases,
on the beach slope and on the sediment grain size. The was®tnaation by refraction, diffraction
and shoaling is modeled in a simplified manner, or, wave conditmay be imported from more
complex wave models. The shoreline’s changes are due tegiadif the alongshore transport rates
between adjacent beach cells, just like in the casectdssical one-line model (Figure 3).

q=qs+qo
qu:Qext

Figure 3. One-line model definition scheme (adapted from Horikawa and Isobe, 2005)

The balance of the volumes of sand is done through thaaityptequation, Eq.1.

oV _[9Q_
ay [ay q]dt @

The variation of the volume of sand, along an infinitesimal length of the shoreline is the sasne a
the variation of the alongshore transport rafgdn that length added or subtracted of eventual external
sediments, Eq.2.

AV = (AQ - Qg )t 2

The variation of the volume of sand in an infinitesimal leragtimg the beach represents a variation
in the depth level of the points in the same profile. Brdaccretion is distributed along the active
cross-shore profile, between the closure depth and wavepr limit (Figure 4). Near the closure depth,
in an accretion situation, the angle of repagecontrols the sediment distribution and in an erosion
situation, the control is made by the minimum underwater tmosiope. Near the wave run-up limit, the
controlling parameters are the angle of repose and minipaawch face slope, respectively for erosion
and accretion. An important improvement is achieved throughmtbigel: different profile evolution
slopes may be tested under different erosion or accretioatisits, reducing the limitations of not
knowing the profile shape evolution over time (Coethal, 2007).
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Figure 4. Sediment distribution along cross-shore pr ofile definition scheme.
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Due to the importance of the boundary conditions in the heichellations, several options can be
made: constant sediment volumes going in or out; constant volan®ions in the border sections;
extrapolation from nearby conditions. Moreover, different @gstotection works combinations may
be considered with almost no limitation for the numisiegroins, breakwaters and seawalls, the number
of sediment sources/sinks sites or artificial nourishm@itga et al,, 2007).

The artificial nourishment model simulation adopts a unifaistribution of the sediments in the
defined area and then distributes it, according to #tapérameters of the sand. After the nourishment,
the sand is moved from the sink location due to wave actigord=i5 represents an example of the
simulation of the energetic wave action over the nourishraegd, for a constant wave representing
wave climate.

SECTION A-A

Constant wave climate
Hs=1.0m New profile, after

nourishment
Added sand profile
o _a
A A

Shoreline evolution
along time

Q

Figure 5. Artificial nourishment model scheme.

The LTC numerical model was used to assess diffeserdt Bourishment solutions, in accordance
with several scenarios, in order to try to understaed effects in the Aveiro inlet neighborhood. The
sediments source area was located at north of the noftheakwater of the Aveiro Lagoon inlet (at
S. Jacinto, Figure 2). The LTC numerical model was usepetform the discussion of the relative
importance of the several design options on the nourishmenténten.

Reference Situation

Due to model difficulties and uncertainties, a referenceon was defined, allowing comparison
of the results and a qualitative analysis of the nborénts behaviour. The reference situation was
defined according to indicative sediment transport voluntesgathe Portuguese northwest coast,
shoreline erosion rates and sediment balances. During libeattan process nourishment was not
considered and the sediment volumes in transport were jpshdieg on the wave climate, the grid
borders definitions at north and south frontier of the study axesstal defense structures (Figure 6)
and parameters (closure depth, wave run-up, sediment trafepauta, etc.).

In the numerical simulations, a constant wave was adofieallow an easier comparison of the
results. The wave height was 1.5 m and the wave direatigle was 65 degrees rotated from the north.
All the modelling results were analysed along time in corgrofiles, 6500 m distanced from each
other. The adopted profiles represent situations locatedediately up drift and down drift from
coastal defense structures, as well as areas fartfi@moastal defense structures influence (Figure 6).
The results were checked for 1, 2, 5, 10, 20 and 50 yeasisnafation. For the reference situation,
without nourishment, the application of the CERC (1984) fornwilidy, a calibration coefficient (K) of
0.05 showed results consistent with the observed in thanesl

As referred, sediment transport volumes, shoreline erositas rand sediment balances in the
profiles were controlled. All the results were analyaethe control profiles (Table 1).
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Figure 6. Modeling characteristics of the studied a  rea (wave climate and coastal defense structures).

Table 1. LTC modeling results for reference situati  on.
Years of Control Profiles

Parameter | i lation | P326 P261 P196 P131 P66 P1
Shoreline 1 9.0 5.7 -25.0 15.4 -11.9 6.0
position 2 5.4 6.3 27.9 22.8 -12.8 6.0
advance (m) 5 -95.0 7.2 -34.9 51.4 -12.1 6.0
“.“ represent 10 -217.1 8.8 -47.1 64.8 -12.3 6.1
shoreline 20 -241.3 9.0 -82.5 75.0 -15.8 6.0
retreat 50 -246.3 -229.6 -151.9 81.8 -43.6 6.0
Accumulated 1 0.3 0.2 0.2 0.2 0.2 0.2
sediment 2 0.6 0.3 0.4 0.4 0.5 0.4
transport 5 1.1 0.8 1.0 0.8 1.2 1.0
volumes 10 14 15 1.9 16 23 2.1
Cr?zfi'lgg 20 1.6 3.1 3.8 3.3 4.3 4.1
(00° ) 50 1.8 6.0 8.9 8.5 103 10.4
Sediment 1 139 61 -170 151 -89 48
balagnces 2 -72 70 -190 234 -96 48
. (mm) 5 -628 81 -236 364 -92 48
- ngsee”t 10 -1079 101 -314 424 -94 45
reduction in 20 -1224 105 -446 481 -116 45
the profile 50 -1259 -694 764 518 527 46

Results lead to shoreline retreat in profiles P326Ri@6. Those profiles are located immediately
down drift of groins or breakwaters. Profiles P261 and P4&lin stable or accretion situation,
corresponding to areas protected down drift by coastal stesci{iiigure 6). However, important
erosion is felt in profile P261 in the last years ofshmulation, due to equilibrium reached at north and
consequent reduction of sediment transport to south. Tleistefso occurs at profile P66.
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Sediment transport volumes develop to stable values)yvevident at profile P326, where the last
30 years of simulation just represent 0.2 million of cubicensedf sediments moving across the profile.
The sediment balance in each profile is related with theebhe behavior at each profile and thus,
negative sediment budgets represent shoreline retreats.

Tested Scenarios

Different situations of sand nourishments were tested, asguhat sources and sinks correspond
to areas where the sediments are removed or distributaduitiform way. The dredging area was
maintained for all the tests, while deposition conditionsedifl in added volumes, location in depth,
location along the coast, deposition area and time and nwhierks operations. A sand by-passing
situation was also tested, for different sediment sinthésouthern beaches and different sediment
transport rates crossing the Aveiro inlet. For each ofsthmilations, volumes of solid transport,
sediment budgets in control sections and shoreline advancetreat rates were compared and
analyzed. Due to the consistent behavior of the monitoredneéees (shoreline position, sediment
transport volumes and sediment profile balances), in theniolg analysis only the shoreline position
variation is presented.

The knowledge of nourishment behavior is important to impnotegvention efficiency. Thus, the
location, the time of the nourishment operations and the volap@ied were tested in order to obtain
the best results in the future potential works. Firstlyds defined a deposition area of 300 x 530 m
located between about 500 m and 200 m from the shoreline.hiSoarea, different nourishment
volumes were tested during a single nourishment procasgafionths of continuous work, starting at
the beginning of the simulation. After this, a different nembf deposit operations and different times
to perform the works were tested, maintaining the nomnéstt volume (1x10m’/year) and area (300 x
500 nf). A similar simulation was performed to comparadsaourishment system and sand by-passing
system, with continuous sediments feeding, corresponding td® t¥lat the end of the 50 years of
simulation. After the referred tests, variations in tlmurishment area (longitudinal and transversal
variations), dimension and location were analyzed, maintainingysiwhe same volumes of
nourishment, corresponding to 1X1fh*/year, deposited during two months starting right at the
beginning of the modeling simulation (Figure 7).
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Figure 7. Tested scenarios (from left to right and top to bottom: added volumes and time and number of
nourishment operations, nourishment area longitudin al extension, nourishment area transversal extensio n,
sand by-passing, nourishment area location and nour ishment area dimension).

Generally, the nourishment area is located northern frofilgP326. The variations on deposition
area were always performed maintaining the limitshefdeposit inside the active profile, between the
closure depth and the run-up limit.

RESULTS

The nourishment interventions represent a better shorelrvioe, reducing the shoreline retreat
levels of the reference situation. For all the tesssribticed an important quick effect (that decreases in
time) on profile P326 and latter effects are visibletHer south. In fact, with time, sediment
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nourishment effects are almost zero on profile P326, beingdrovprofiles P261 and P196. For the
profiles located southern from P196, the impact of the noueshie almost null, as visible in Figure
8d. Thus, profiles P66 and P1 are not represented in thefigeseés and are not described in the
analysis.

Variation on added volumes

Eight different nourishment volumes were tested, starting 25x00 m® of sediments and
increasing 0.25x10m" in each test. To add a volume of 0.25%i8 has significantly less impact then
to add greater amounts of sand. The other volumes have rsim@acts, mainly in the southern
profiles. As it is possible to observe in Figure 8a, rtharnourishment area, the effect of the sand
added is higher in the first ten years and dependent ovothme introduced in the coastal system. In
Figure 8b the effect of the nourishment is lower and starislyr20 years after the nourishment. For
this local, the volume of sand introduced is not so impartginte it is dispersed along the coastal
stretch, being homogenized by coastal erosion and depositionringcaver areas up drift profile
P261.
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Figure 8. Shoreline variation, compared with referen  ce situation, for different nourishment volumes.

Variation on time of nourishment operations
Figure 9 shows the effect of the duration of the nourishmesratipns ranging from one month to
one year, applying one million cubic meters of sand.
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Figure 9. Shoreline variation, compared with refere  nce situation, for different durations of the nouri shment
operations.

This deposit of sand in an area of 300 x 500represents different layer thickness of added
sediments, which decrease with longer times of nourishpecesses. To perform the nourishment
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over shorter or longer periods of time seems to represeail differences in the nourishment results.
Effects in southern profiles are even less representative.

Variation on longitudinal extension of the nourishm ent area

Sand deposit in different areas extension represents\agétion on sand layer thickness, but also
causes direct impact on different extension of the coastatch. Generally, greater extensions of
sediment deposit areas reduce the local effect of theshment. Another important consequence is
that sand deposit located down drift the profile P326 ipresent negative effects on it, because
refraction can change the sediments transport directionarda of 300 x 800 Mmcorresponds to
deposition of sand directly on profile P326, but inversion alevdirection due to refraction is
observed for nourishment areas of more than 1300 m of lalirggtiuextension, when the major amount
of sediments is sink down drift profile P326 (Figure 10).
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Figure 10. Shoreline variation, compared with refere  nce situation, for different longitudinal extension s of the

nourishment area.

Down drift profile P261, the shoreline behavior is simitathe observed at profile P261, but with
much less significance, as showed in Figures 8b and 8c feattation of added volumes.

Variation on transversal extension of the nourishme nt area

The variation of transversal extension of the nourishraegds from 100 m to 800 m, increasing
landward, was tested for an area located up drift pro8@6Pmaintaining a longitudinal extension of
500 m. The impacts of the nourishment have very similar tsffiec all of the adopted areas. Even
thought, a better behavior for the smaller nourishment aredis&ved in profile P326, mainly after 5

and 10 years (Figure 11a).
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Figure 11. Shoreline variation, compared with refer ence situation, for different transversal extension s of the

nourishment area.

Variation on nourishment area location

Maintaining the nourishment area of 300 x 509 sight locations were tested, named artificial
nourishment AN1 to AN8, from north to south, respectivelyifisi@l nourishment AN2 and ANS3,
located over the analyzed profile P326, show direct immerctshoreline advance, representing
immediately much better results than the other simulastd (Figure 12a). However, this rapid effect
decreases for a 5 years analysis. For instance pafigrears of simulations for test AN3, sediments are
mainly located southern from profile P326, leading to reedi transport to the north of profile P326
and to the south of the sediments deposit area, conductingridiisé retreat at profile P326 (for two
years of simulation, this profile behavior is comparable cape).
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The sand deposit just down drift profile P326 (AN4) repnesserosion effects on it, again because
refraction changes the sediments transport direction canduct a local behavior similar to a cape.
This cape erodes along time, representing a linear shorBligears later, reversing the sediment
transport direction again from north to south.
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Figure 12. Shoreline variation, compared with refer ~ ence situation, for different locations of the nour ishment
area.

As expected, southern locations of the deposit, being neasatthern profiles, allow better
performances in profile P261 than the previous tested scenarios.

Variation on nourishment area dimension

The main impact of the variations in the dimension of therisbment area is on the sand layer
thickness of the deposit. Figure 13 allows observing two grofipesults. Smaller deposit areas, with
higher thickness layers, represent better behaviors. Gendoalthese different nourishment areas, the
magnitude of the impacts is lower.
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Figure 13. Shoreline variation, compared with refere nce situation, for different dimensions of the
nourishment area.

Again, refraction inverts the sediment transport directioprofile P326, during the first year of
simulation, for areas of 600 x 600%ror larger, because sediments are sink down drift theraton
profile.

Variation on number of nourishment operations

To realize if it is better to perform the nourishmentogss in a single operation, or sink the sand in
lower volumes, during more operations, the one million cofeters of nourishment was split by ten
and deposited every five years during two months. The prafdhavior was registered in time and was
also compared with a sand by-passing system correspondiagctimtinuous nourishment of 2.3
m?/hour, during the 50 years of simulation. Figure 14 shbesesults.

To nourish the area with all the amount of sand in a singdeation has naturally quicker and a
higher effect on profile P326. According to sediment trarisgiogction, this effect will move to south,
also with higher positive impacts (visible in Figure 14bjwdver, near the location of the nourishment
area, the first quick effect will decrease in time andsththe lower by-passing amounts per hour
represent better results near profile P326 at the end of thea®® of simulation (Figure 14a).
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Figure 14. Shoreline variation, compared with refere nce situation, for different number of nourishment
operations.

CONCLUSIONS

Artificial sand nourishment systems are a potential solutiomitigate beach erosion problems
having been applied in many cases around the world, esganidiie U.S.A. and Australia. For the
Aveiro inlet, the artificial sand by-passing systems/rha a good option, due to the availability of
sediments accumulating at the north of the northern Avieied breakwater. A fixed artificial sand
by-passing system can be proposed. However, fixed antheons sand by-passing systems are the
most expensive solutions. In order to reduce the economical ageecdic sand nourishment and
semi-mobile systems are presented as an alternative.

The behavior of artificial sand nourishment interventions irclhes of open and energetic coasts
need to be very well understood due to the amount of sedimentsed, corresponding to important
financial costs. The social perception of the population faethprocesses is also important. Artificial
nourishment processes are immediately evaluated by end-usech, @dsily criticize the obtained
results depending on their own interest. In spite of theg,clear that important coastal erosion can be
mitigated with artificial nourishments and numerical sinmials can help to improve the nourishment
performances.

Different options of sand nourishment were assessedghnoumerical simulation of the shoreline
evolution at the southern part of the Aveiro inlet, in Portu@hé options were related with the added
volumes of sediments, the location of the nourishment, thébdititm area and the number of periodic
operations. The results were discussed based on the aralysi®wreline accretion/erosion rates,
sediment transport volumes and profile sediment budgets. Paesmeters had similar behaviors over
time and along the coastal stretch, for all the tested soen&enerally, sand nourishment results are
better near the deposit location for a period of time Idvan 20 years. After that period, the effect of
the nourishment is smaller. The southern profiles are biwgefiom the nourishment after ten or more
years. Further analysis is needed, to understand sontizédcshoreline behaviors and the location and
dimension of the achieved accretion areas.

It is evident that, for an open and energetic coastal Birétds essential to define the real
objectives of the nourishment process. Location and duarétize of the nourishment benefits require
clear description, to allow the characterization of thest design according to the goals. Some
composed interventions, involving other structures as gmin®ngitudinal revetments can also be
studied, including artificial nourishments to try to minimgeme eventual negative impacts on the
down drift shoreline neighborhoods.
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