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EDITORIAL

COLLABORATION
NOT COMPETITION

Forthree days at the end of May, dredging professionals
from around the globe gathered in Rotterdam for the
CEDADredging Days 2024.The conference’s theme,
“Dredginginachangingworld”’, saw the topics of
sustainability, energy transition and decarbonisation
atthe forefront of many sessions, along with how
technology such as Al will play arole in ourindustry.
What also stood out was the call for collaboration

not competition.

Towards the end of the proceedings, aftera myriad
of expert panels, debates and opinions, it was the turn
of the younger generation as sixyoung professionals

IADC is collaborating
with PIANC to work

on a global network of
universities and colleges.

tooktothe stage for IADC's Young Author - Pitch
Talk Award. The concept, to turn their submitted
papersintoaseven-minute presentation much like
aTED Talk. Lara Gehrmann, a project managerwith
Hulskens Sedimentsin Germany, was the firstever
recipient of the award for her presentation on
sustainable reservoir sediment management using
fullyautomated dredges.

Therunnerup, Sterre Bult,amechanical engineering
student at Delft University of Technology, was given
a special mention for her presentation looking at how
dredgingrelated knowledge could be utilised in the
minimal environmental impact of flatfish trawling.
The jury were particularly impressed and enthused
to see how technology used in ourindustry was being
appliedtosolve aproblemin the fishingindustry.

With this goalin mind, IADC is callaboratingwith PIANC
towork on aglobal network of universities and colleges.
Not only to facilitate and champion the exchange of
knowledge around the world, but to excite and engage the
nextgeneration of engineers and young professionals
foracareerindredging.

Getting students enthusiastic about dredging
is a must for the future of our sector.

On the topic of sustainability, on page 30, we hear
from the team who worked on the Addu City dredging
and reclamation projectin the Maldives. A project
with many externalities and one which required

great attention to sustainable practices given the
environmental challenges thatit faced. It's interesting
how including such externalities in the project
assessment could take sustainability to the next
leveland whatimpact that would have.

Alsointheissue, Juan Cruz Andrini, the recipient of this
year's IADC Young Author Award shares hisresearch
onhowAIS can be used an efficient and cost-

effective monitoring toal forimproving environmental
managementin dredging projects. We also take a

look at how the winter storms of 2022 offered a unigue
opportunity toanalyse dune erosion patterns along

the curved coastline at Maasvlakte 2, an extension
ofthe Portof Rotterdam.

Frank Verhoeven
President,IADC
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2D EFFECTS

ON DUNE
EROSION AT
MAASVLAKTE 2

Dune erosion due to storm surges and
severe wave attackis the primary failure
mechanism of sandy sea defences. At a
curved coastline, dune erosion is greater
than at a straight coastline. However, how
much higher is often difficult to predict.
This article presents a comparison of
field observations and model results of
the response of the Maasvlakte 2 curved
sandy sea defence to storm attack.

The coastlineresponse of the curved coastline of Maasvlakte 2
afterthe 2022 winter stormsisreproduced usinga 20 XBeach
model. This model was initially set up to support a feasibility study
into construction of awind park at the perimeter of Maasvlakte 2,
whichis an extension of the Port of Rotterdam, in the Netherlands.
Atthatstageit proved challenging to properly validate the model.
Svasek continued to work on the model and was presented with an
opportunity:in the period leading up to the construction of the wind
park,the Dutch coastendured aheavy storm seasonin the winter
of 2021-2022. Storm Corrie, Dudley, Eunice, and Franklin made
landfall just after aregular maintenance survey and before a
post-nourishment survey leading to well-observed dune erosion
at Maasvlakte 2.

Simultaneously, anew release of XBeach with recommended model
settings for 1D dune erosion was prepared to become the mandated
tool forevaluating dune safetyinthe Netherlands (part of the BOI
programme 2020-2023). This presented both opportunity and

Construction of the crane platforms with motive to validate the 2D XBeach Maasvlakte 2 model under extreme
the post-storm dune profile at the back conditions to:1) showcase the abilities of this new XBeach release in

(22 April2022). Photo courtesy of combinationwith the 1D BOIl model settings at a curved coast; and 2)

Joosten Group,who provided the geotubes emphasise the importance of a 2D approach when dealing with

that guaranteed the platform's stability. strongly curved coasts such as the Maasvlakte 2.
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TECHNICAL

Dune erosion mechanismat a

curved coastline

Astrongly curved coast behaves fundamentally
differentthan astraight coastwhenitcomes
tostorm erosion of dunes. On astraight coast,
sand eroded from the dunesis deposited on
the foreshore, limiting further wave attack
andthus, dune erosion. The angle between
theincomingwaves and the coastvaries
alongshore onacurvedcoast. Theangleis
animportant factorin the magnitude of the
alongshore transport. Therefore, a gradient
inthe alongshore transport exists along
curved coastlines.

Eroded sediment from the dunesis not
depositedlocally but transported alongshore

inthe direction of the waves (Figure 2).

As aresult, the curved sea defenceis exposed
toundiminished wave attacks during the
entire storm and erosion volumes can be twice
as high as onastraight coast (Den Heijer,
2013).Intheory, the location attacked by
waves arriving perpendicularto the coastline
willnot generate longshore transport.In
practice,as atthe Maasvlakte 2,the effect
ofincreased dune erosionis expectedto
occuroverthe entire curved part of the
coastline, as the wave angles vary over the
course of astorm.

At Maasvlakte 2,not only the curve inthe
coastline adds complexity to storm erosion
processes.Atransition between ahard and

sandy seadefence about1.5 kmnorth of the
curved coastline furthercomplicates the
matter. Forwaves incoming from the north,
strong southwardlongshore currents with a
high transport capacity (but no sediment to
move) arrive over the foreshore of the soft sea
defence, leading to high pick up of sediment
and consequenterosion at the sandy side of
the transition. Forwaves incoming from the
south, sediment eroded from the dunes moves
furthernorth, leading to areduced build-up of
the foreshore and additional erosion.

Triplet-storm attack of the

Maasvlakte 2 sea defence

Atthe endof January 2022, storm Corrie
sweptoverthe Netherlands. Shortly thereafter

WIND PARK
MAASVLAKTE 2

Rijkswaterstaat, responsible for the design,
construction, management and maintenance
of the Netherlands' primary infrastructure
facilities, challenged itself to become
climate-neutral before 2030. Wind Park
Maasvlakte 2 played an importantralein
reaching this goal. The parkincludes wind
turbines on the soft (sandy: 3.2-10 km,
Figure 1) and the hard (rock and pebbles
0-3.2 km, Figure 1) sea defence of the
Maasvlakte. These defences protect the

2 hectares of land reclamation against the
North Sea. Rijkswaterstaat asked Svasek
Hydraulics to conduct a study into the
morphological feasibility of Wind Park
Maasvlakte 2, especially concerning the
sandy sea defence. In these studies, we
investigated the influence of wind turbines
on beach and foreshore morphology, and
aeolian sediment transport to the dunes.

Overview of Maasvlakte 2 including the alongshore referencing.
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in February,the duneswere tested by a series
of powerful and consecutive storms, named
Dudley, Eunice and Franklin. Thisimpressive
and unigue trio of stormsresultedinan
unprecedented phenomenon:sixconsecutive
days of stormy weatheralong the coast,
settingarecord forthe Netherlands.

Eunice was the heavieststorm of the three,
with peaks up to Beaufortwind scale 11.
AllDutch meteorological stations (except
Maastricht) observed wind gusts exceeding
100 km/h and coastal areasregistered gusts
over1680 km/h.The extent and duration of the
storm frontwas exceptionalanditwasthe
heaviest storm to hit the Netherlands since
1990. Publiclifecame to astop and five people
losttheirlives.

Large waves generated by the storms hitthe
coast fromthe north-west (Dudley), south-
west (Eunice) and south-west to north-west
(Franklin). Coastal defences did their job.
Dykes endured the storm and dunes eroded to
an extent, as designed, but held. Afterwards,
impressive sights of steep cliffs could be
observed at many coastal spots asaresult of
the batteringwaves.

The Maasvlakte seadefence hasbeenin
place since 2012 and the storms of January/
February 2022 were among the heaviestin
its existence. Wavesinthese stormsreached
significantwave heights of up to 8 metres (m),
wave periods of over 15 seconds and water
levelsof upto 2.8 m+NAP.NAP stands for
Normaal Amsterdams Peil or the normal water
levelin Amsterdam, whichis slightly lower than
sealevel, andisusedas abase tomeasure
waterlevelsinthe Netherlands.

Measurements before and after

the storm

PUMA, the project organisation for the
extension Maasvlakte 2, was contracted
by the Rotterdam Port Authority for
designing, constructing and maintaining
the Maasvlakte 2 between 2012 and 2022,
whichincluded yearly measurements
through acombination of multibeam (below
water) and laser altimetry (above water).
The measurements took place every second
quarter of the yeartomonitor the coastal
defence andtodirect nourishmentswhere
most needed. Before construction of the
wind park, the maintenance responsibility
of the Maasvlakte 2 seadefence was
transferred from the Port Authorities to
Rijkswaterstaat. |t was the latterwho
commissioned an additional measurement

Schematised difference in dune erosion and foreshore deposition between straight (left)

and curved (right) coasts underdirectionally varying wave attack

inQ42021inanticipation of the
construction of the wind park by PUMA.

This gives a good baseline of the sea defence
before the storms.

Togetherwith the survey of Q2 2022 after
the completion of the nourishment, the
impact of the heavy storm seasononthe
dunes of the Maasvlakte 2 was quantifiable.
Unfortunately, the storm-induced bed
changes below 3 m+NAP could not be
distinguished from the bed changes
associated to construction of the platforms
and the nourishment. Nonetheless,we
processedtheQ42021and Q22022
measurementstoinvestigate the change
inbed level. Atransect of this analysisis
presentedin Figure 4.Inthis figure, a
heightened beach can be observed (see red
patch), whichisin partduetodune erosion
andin partdue to the nourishment. In addition,
aclearerosionzoneisvisible atthe dune
front,which is theresult of the storm season
(blue patchin Figure 4).

The duneerosion alongthe complete
Maasvlakte 2 is subsequently determined by
analysing the volume in the erosion zone (blue
patch) forthe complete stretch of coastline.
Thisisshowninthe top panelof Figure 5.
Inthis figure,we observe two areas with
increased dune erosion: 1) atthe bend where
the materialisnotdeposited on the foreshore
and waves hit the dunes unobstructed

The storms of
January/February
2022 were among
the heaviestin
the existence of
Maasvlakte 2.
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NOURISHMENTS MAASVLAKTE 21N 2022

The Maasvlakte 2 sea defence is an eroding system by design, which needs regular maintenance. This
maintenance has been performed every two years via beach and foreshore nourishments. Rijkswaterstaat
had scheduled maintenance for 2022 in the summer. However, due to anticipation of the wind park
construction, Rijkswaterstaat advanced the nourishment to March. This made it possible to reinforce the
storm-eroded volume and simultaneously place sand for constructing the crane platforms. After completion
of the nourishment but before platform construction, laser altermetry measurements were performed.

The platforms were necessary for the cranes to lift the eleven turbines of the wind parkin place. The platforms
were made to be resistant to flooding and erosion. To this end, they were constructed to a height of around

3 m+NAP and were lined with geotextile bunds.

Wind Park Maasvlakte 2, as seen from the south. Photo® Svasek Hydraulics/Bernard Eikema.
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(4.5-B km);and 2) atthe hard to soft transition
(around 3.5 km) where the strong longshore
transportwithout supplyleads tolarge pick

up and erosion of sediment, in turn leading
toalowforeshore and heavy wave attack,
andrelated dune erosion.

Furthersouth (around 6 km), the dune erosion

isreduced, eventhough thisis stillinthe
curved section of the Maasvlakte. Thisis likely

related to the fact that a significant part of
theincomingwaves arrive perpendicular to
the coast at thislocation (bottom panelin

Figure 5) generating lesslongshore transport,

resultinginaccumulation of sand onthe
foreshore, and thus leading toless dune
erosion. In addition, the sediment from the
highly erosive sections of the coast settlesin
adjacent sections, causing the heightened
foreshore toreduce wave attackand limit

dune erosion. Thiscontrasts with a straight
andregular coastwhere dune erosion would
be much more uniform. Whatisremarkable
however, is thereduction of dune erosion
rightinthe middle of the bend (at 5.1km), but
we canonly speculate on the cause of this
localreduction. It may be related to post-
stormrecovery (by aeclian processes) or
dunereconstruction and nourishment, but
we have not been able to verify this.

Overview of arepresentative transect at Maasvlakte 2 indicating the dune erosion and the sedimentation

Top panel: Dune erosion volume along Maasvlakte 2. Bottom panel: Shoreline orientation of Maasvlakte 2 (blue ling)

inrelationtotheincoming wave angles (blue: Dudley, green: Eunice, red: Franklin).
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TECHNICAL

The modelling software

Tomodelthe coastalresponse tostorm
conditions (i.e.dune erosion) and the
complexity at play around the curved coastline
of Maasvlakte 2,we chose to apply the
two-dimensional XBeach maodelling software,
asithasbeendevelopedespecially for
modelling dune erosion. The XBeach software
is appliedin surfbeat mode to simulate the
important hydrodynamic and morphodynamic
processesinthe swashzone thatimpact
sandy coasts. The surfbeat mode resolves the
short-wave variations on the wave group scale
andthelongwaves associated withthemin
combinationwith a detailed approach to
wave-driven sediment transport (Roelvink,
2009).Thisistherecommended mode since
we focus on swash zone processes where long
waves are the maindriver of dune erosion.

Anotherreasonto apply the XBeach software
isthat within the national programme BOI
(Assessment and Design Instrument for flood

defenses),the newinstrument fordune
safety assessmentsisalsobasedonthe
XBeach modelling software. This development
includes aBOI XBeachrelease
(Rijkswaterstaat, 2023) with thoroughly
validated model settings for 10 dune erosion
applications, tuned especially to the Dutch
coastalsystem (Deltares and Arcadis, 2022).
Therefore, the XBeach software is considered
very suitable for this case study.

SvasSek continued to develop the 20 XBeach
model of Maasvlakte 2. When the winter
stormsin 2022 hit,and pre and poststorm
surveys became available, we saw an
opportunity tovalidate the model properly.
Asthe BOlsettings had only be validated
on1D cases up tothis paoint.

Modelling approach

We used a curvilinear 2D XBeach
computational grid. Applying a curvilinear
grid foracurved stretch of coastisvery

DEVELOPMENT OF
THE MAASVLAKTE 2
XBEACH MODEL

The development of the 2D XBeach model for Maasvlakte 2
started as part of the wind park's feasibility study. The model's
aim was to support decision-making by assessing the wind
turbines effects on the beach and dune morphology. To this end,
the XBeach model was set up to investigate the morphological
response under design storm events and under regular long-
term conditions. The model was set up in consultation with a
group of Rijkswaterstaat and dune experts. During the study, the
successful application of the model made it possible to quantify
the expected coastal response to the wind park. The wind park
was eventually realised in 2022. A forthcoming paper will
discuss the challenges and eventual success of that project

(in which Svasek played only a small part) in cooperation with
RHDHV and Deltares. Here, we will discuss the 20 XBeach
model that resulted from the exploratory phase.

Svasek continued to develop the 2D XBeach model of
Maasvlakte 2. When the winter storms in 2022 hit, and pre and
poststorm surveys became available, we saw an opportunity to
validate the model properly. As the BOI settings had only be

validated on 10 cases up to this point.

efficient because gridlines are parallel to
the depth contours and grid refinement can
be applied from the point of wave breaking
untilthe dune region. Thisresultedina
gridwith aresolutionof2.5minthe cross-
shoredirectionand aresolutionof 25m
inalongshore direction (see Figure B).
These elongated grid cells are justified as
the variationin hydrodynamic conditionsis
gradualinthe alongshare direction, while in
the cross-shore direction, the hydrodynamic
conditions change rapidly.Inthe end, the
computational grid consisted

of 70,000 elements.

Acrucial next stepinthe modelling approachis
applying adequate wave-forcing conditions on
the model boundary since the morphological
development of the dunes atthe Maasvlakte
is primarily governed by wave forcing. The
influence of the tidal flow and the river outflow
from the Nieuwe Waterweg (new waterway) are
found to be of minorimportance, as the dune
erosion mainly occursinthe upperpartofthe
profile where wave action dominates.

We impose temporarily and spatially varying
wave-forcing conditions on the model
boundary. The spatial variability in wave-
forcing conditionsis found to be necessary,
as the height and direction of the incoming
waves along the model boundary canvary
significantly due to the curvature of the
coastline. Therefore, spatially and tempararily
varyingwave-forcing conditions are
prescribed at five locations along the model
boundary. These wave-forcing conditions are
derived with awave transformation matrix,
whichwas set up during the construction of
the Maasvlakte 2 to translate the measured
wave conditions at the Europlatformto the
-20 m+NAP depth contouralong the
perimeter of the Maasvlakte.

These wave-forcing conditions have been
derived for the complete validation period
whichisthe period between the two
bathymetrical surveys. Thisis a period of 126
days, starting at the end of October 2021and
ending at the beginning of March 2022.
However, running this 2D XBeach model for
126 days (or 170 million modelling timesteps)
israthercomputationally expensive, even
though the modelis runwith parallel
computing on ourin-house advanced
computercluster.

Therefore, two acceleration techniques
have been applied. The firstis the application
ofamorphological acceleration factor
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lllustration of the applied curvilinear 20 XBeach model grid for Maasvlakte 2.

(or MORFAC, Ranasinghe, 2011) and the
secondis amodel forcing reduction technique
(Luijendijk,2019). The MORFAC technique
allows for morphodynamic upscaling and
enables the simulation of long-term
morphological evolution. The conceptis that
the MORFAC speeds up the morphological
time scalerelative to the hydrodynamic
timescale.In our modelling approach, a
MORFAC of 12 isused. Thisimplies thata
simulation foraperiod of 2 hourswith a
MORFAC of 12 results in morphological
evolution of one day. The assumption

behind thisconceptisthatthe changesin
hydrodynamics are magnitudes bigger than
the changes in morphology.

In addition, the model forcing reduction
technique allows for a significant decrease
inrequired simulation time by reducing the
number of input wave conditions applied
and simulated in the XBeach model. This is
achievable because this case study focuses
solely on dune erosion, necessitating only
the forcing conditions leading to such
erosion. Since these are only the energetic
wave conditions (wave height above 2 m)
that attackthe dunes during high water
conditions (waterlevel above -0.5 m+MSL),
areduction of the applied wave (and water
level) time series 0f 88% is achieved.

The combination of these two acceleration
techniques allows forvery efficient
morphological modelling of the dune erosion
at Maasvlakte 2, resulting in a simulation

time of only 14 hours to model a period
of 126 days.

Toinvestigate theimportance of usinga

two-dimensional approach to predict dune
erosion atacurved coastline, we compared

theresults of the 2D model with a series

of 1D computations. To obtain the erosion
volumes forthe 1D XBeach simulations, a
totalof117 simulations were conducted
for100 m spaced perpendiculartransects
along Maasvlakte 2. The model settings and
boundary conditions forthe 1D approach

are similar to that of the 20 model. For a fair
comparison between the 1D and 2D approach,
asurchargeisappliedtothe1Dresultsto
compensate forthe absence of 2D effects.
This surcharge depends on the offshore wave
height, the erosion volume, the grain size and
the coastal curvature.

Modelling results

Thevalidation of the XBeach model involved
applying the model toreplicate the observed
dune erosion at Maasvlakte 2 during the
winter storms. To assess the performance
of this XBeach model in combination with
the 1D BOI model settings and to explore

the necessity of employing a 2D maodelling
approach,we compared the measured dune
erosion volumes with the results obtained
fromboth1D and 2D XBeach simulations.
Theresulting dune erosion volumes for these
simulations are presentedin Figure S.

Thisfigure indicates thatthe 2D XBeach
model is most capable of reproducing the

Overview of the model bathymetry and the location at which the spatially varying wave-forcing

boundary conditions are applied to the XBeach model.
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dune erosion volumes accurately, while
significant differences inthe amount ofdune
erosion are observable between the 1D and
2D modelresults. Thisis especially noticeable
inthe strongly curved coastal section of
Maasvlakte 2 between km 4.5-6.5, where the
1D modelling approach underestimates the
amount of dune erosion. Theresults at
straight coastal sections (km 3.5-4.5 and

km 7.0-10.0) are more similar between the

1D and 2D approaches. Although the applied
surcharge forcurved coastlines does
increase the predicted dune erosion, itis
insufficient to compensate for the high
differences between the 1D and 2D predicted
erosion atthe curved part of the coastline
(km4.5-8.5).

Thevalidationresults also show that the
2D XBeach model accurately captures

the transition between the highly erosive
curved coastal sectionsand theless
erosive sections (km4.0-4.5 and km
5.5-6.0), indicating that the gradientsin
the alongshore transport due to variations
inincidentwave angles are accurately
reproduced. The most significant deviation
between the measurements and the model
resultsis seenattheremarkable reduction
indune erosionrightin the middle of the
bend (at km 5.1). However, thisreduction
islikely to berelated to post-storm
reconstruction, placement of the
nourishment, aeoliandune recovery or
displacement of the nourishment.

Overview of wave time series between the end of November 2021and the beginning of March 2022

(blueline),togetherwith the reduced wave time series appliedin the model (greenling).

Thedifferencein performance forthe 1D and
the 2D model on straight and curved sections
isconfirmed even mare straongly by looking at
severalrelevanttransects along the perimeter
of the Maasvlakte 2 (Figure 10). The dune
erosion predicted by the 1D and 2D modelis
similar for the transects a)and b) at the
straight coastal section. However, the 1D
model significantly underestimates the dune
erosion atthe curved section of Maasvlakte 2
(transectc). When looking atthe bed level
below 3 m+NAP, significant differences
between predicted and modelled bed levels
canbe observed due to the placement of the
nourishment. The accuracy of the modelin
predicting sedimentation volumes can thus
not be assesseddirectly with these results.

Overview of the XBeach maodel validation showing the measured and modelled dune erosion volumes above the 3mline
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Overview of the XBeach model validation showing dune erasion for various transects along
Maasvlakte 2. Note that the bed level below 3 m+NAP is heightened by both storm deposition

and construction works)

Nonetheless, dune erosion volumes would

not be predicted accurately when the pattern
of sediment deposition and alongshore
transportis notaccurate. Moreover, for safety
assessments, accurate prediction of erosion
volumes s of primary interest.

Based onthesevalidationresults,itis
concluded that 2D XBeach maodelling is
requiredtoaccurately capture dune erosion at
strongly curved coastlines. Furthermore, the
validation shows that the 1D BOI settings can
accurately model dune erosion at Maasvlakte 2
when appliedina 2D XBeach model.

Discussion

The validation of atwo-dimensional XBeach
maodel (BOI2023 version) with 1D BOI model
settings to modelacurved coastlineisa
successful first step. However, there are still
sufficient challenges before XBeach 2D can
be considered a valid model for generic
curved coastlines. The profile shape of the
Maasvlakteisrathersimple, with a steep
foreshore and a single dune row. This profile
resembles those at the Dutch coastand
isclose to many cases used to calibrate

the model settings. The effects of the

tidal currentare limited to the deeper
foreshore and there are no shoals that
induce additional gradients in alongshore
transport, aswould be the case atthe
curved coastlines atthe heads of the
Wadden Islands, which are sheltered

by an ebb delta.

Regarding future safety assessment with
2D XBeach models, ourresults imply that it

willbe important to model storms with a
non-stationary wave direction and multiple
storms with varying peak direction, since a
stationary wave angle would significantly
underestimate the dune erosion at the point
of perpendicular wave incidence.

Conclusion

The dune erosion measurements following
the 2022 winter storms at Maasvlakte 2
have been used tovalidate a 2D XBeach
madel. This validation event, whichis the
first propervalidation possibility foradune
erosioneventat the curved Maasvlakte 2,
is successfully utilised to gaininsightinto
the performance of the 1D BOI model
settings and the necessity of a 20 modelling
approach atacurved coastline.

The XBeach simulations, which have
beencarried out followingbothalDand 2D
modelling approach, revealed thatthe 2D
modelwith 1D BOlI model settings was most
capable of reproducing the dune erosion
volumes accurately, while a significant
underestimation of dune erosionis observable
inthe 1D model. This underestimationin the
1D model occurred at the strongly curved
coastal section of Maasvlakte 2 and could
notbe compensated forbythe prescribed
surcharge for 1D modelling approaches at
curved coastlines. The underestimationinthe
1D modelling approachislikely related tothe
absence orunderestimation of alongshore
sedimentdistribution processes at strongly
curved coastlines. This process prevents
localised build-up of eroded sediment on the
foreshore asitisredistributed alongshore,

leaving the dune vulnerable to undiminished
wave attacks throughout the entire storm
duration. Therefore,a 20 modelling
approach appearstoberequired forstrong
curved coasts such as Maasvlakte 2

and is highly advisedin similar situations
(inthe Netherlands).

Results from this study highlight the
importance of applying a 2D process-based
model such as XBeach on strongly curved
coastlinesto assess the safety of the dunes
under storm conditions. Moreover, the
studyresults suggest thatitisimportant
toinclude non-stationary wave direction
when modelling the normative storm
conditions to prevent underestimation

of the dune erosion. This prompts us to
reconsider the schematisation of the
normative storm for strongly curved coastal
systems, encouraging furtherresearch

and discussion.

A 2D modelling
approach appears
to be required for
strong curved
coastssuchas
Maasvlakte 2.
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Summary

Dune erosion caused by storm surges and
severewave attackisthe primary failure
mechanism of sandy sea defences.Ata
strongly curved coast, such as that of
Maasvakte 2 (Port of Rotterdam, the
Netherlands), dune erosion can be twice
ashighasatastraightcoast.

Following the winter storms of 2022,
measurements of dune erosion at
Maasvlakte 2 offered a unique
opportunity toanalyse erosion patterns
along this curved coastline. Moreover, it
allowed for the validation of dune erasion
predictions with a 20 XBeach model, and
aninvestigationinto the importance of
using atwo-dimensional modelling
approach to predictdune erosion.

Tothisend, XBeach simulations have
been conductedwith bothalD and 2D
modelling approach. Both models use
the same model settings, derived for
safety assessmentat the straight Dutch
coastwith the 1D model (BOl settings).
The study demonstrates that the 2D
modelwas most capable of reproducing
the dune erosion volumes accurately,
while a significant underestimation of
dune erosionis observedin the 1D model.
The underestimation of the 1D modelling
approachislikelyrelated to the absence
of alongshore sediment distribution

processes at strongly curved coastlines.

This process preventslocalised build-up
of eroded sediment on the foreshare as
itisredistributed alongshore, leaving
the dune vulnerable to undiminished
wave attack throughout the entire
storm duration.

The findings of this study highlight the
necessity of utilising a 2D process-based
model like XBeach 2D forevaluating
dune erasion during storms on highly
curved coastlines such as Maasvlakte 2.
Theseresultsindicate thatthe1D

B0l settings are also applicable for 2D
applications of curved coastlines.
Therefore, this approachis strongly
recommended for similar scenarios (in
the Netherlands) toensure anaccurate
assessment of dune safety.
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AN EFFICIENT
TOOLFOR
ENVIRONMENTAL
CONTROLIN
DREDGING
OPERATIONS

Environmental management and monitoring
programmes are essential for identifying and
mitigating adverse impacts that dredging activities
may have on the environment. However, it is not
always feasible, especially for the client, to have the
necessary tools to conduct these tasks adequately,
whether due to cost constraints or limited
information availability. The use of the Automatic
Identification System (AIS), as an efficient and
cost-effective monitoring method in dredging
projects, can lead to significant improvementsin
project environmental management. In cases
involving trailing suction hopper dredgers (TSHD),
this tool allows for equipment tracking, verifying
the proper use of contract-approved areas and
additionally estimating daily production values
through a simplified method.

Inaworldwide context of globalisation, population growth and constant
technological advancement, water transportation emerges as a fundamental pillar
forinternational trade. Projectsrelated to this mode of transportation, especially
those aimed atdeveloping navigation infrastructure, are crucial to sustaining
economies at the local, regional and/or national levels.

Dredgingworks aimed atincreasing and maintaining depthsinwaterways and ports
play akeyroleinthe described scenario. In this type of project, continuous monitoring
of tasksis of utmostimportance forboth the contractorand the client. Especially for
thelatter, it willallow verifying the proper fulfilment of the contract conditions.

Among the mostrelevant contractual aspects that mustbe monitoredina
dredging project, thoserelated to the use of discharge zones are crucial.
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Thesesites are selected and approved by the
clientafterananalysisinvolving technical,
economic and environmental criteria. As a
result, conflicts of interest between parties
may arise, necessitating the implementation
of specific and efficient controls during
operations, especially regarding compliance
with environmental requirements.

Trailing suction hopper dredgers (TSHD)

are currently one of the mostrelevant and
widely used equipmentinthe industry. These
dredgers operate as highly specialised
vessels, conducting dredging operations
while moving similarly to that of aregular ship.
Thisiswhere the possibility of implementing
the Automatic Identification System (AIS)
arises for straightforward, cost-effective and
efficient monitoring of operations.

The use of AIS fortracking TSHD equipment
provestobeatool of great potential for
environmental control of contract-approved
discharge operations. Onthe one hand, it
enables verification of compliance in the use

of designated disposal sites,and onthe other,
itallows forapreliminary estimate of the
volumes discharged. Both aspectsare
elaborated uponinthisarticle.

Dredging and environment

One of the themes that has gained increasing
relevanceinthe field of dredginginrecent
yearsisthe consideration of aspectsrelated
toenvironmental preservation. All activities
encompassedinsuchaprojectinherently
have animpact on the environment, making
addressing environmental concerns one of
the major challengesin aproject.

The mentioned challenge finds its best
solution through the implementation of
acomprehensive processinproject
management, involving all parties and
disciplines from the project'sinception and
considering the concept of environmental
sustainability. The latter has become one of
therelevantcriteriain decision-making,
complementing the classic technical and
financial analysis of the works.

Atrailing suction hopperdredger (TSHD) in operation.

One of the primary alternatives available to
addressthisthemeis the so-called
environmental control or monitoring of the
project. Thistoolencompasses a series of
preventive actions, operational controls,
samplings and monitoring, among others,
which often stem from an analysis presented
inthe Environmental Impact Assessment
(EIA) of the project.

Environmental maonitoring in a dredging
project can and should be beneficial for all
stakeholdersinvolved. Cost-effective
monitoring throughout the entire project
developmentwillinevitably resultinthe
limitation of impacts, both shortand long
term, making it a valuable investment.

Environmental control and discharge
operations

Among the tasks forwhich environmental
controlis possibleinadredging project,
the management of discharged material
stands out as the main focus of thiswork.
Whenreferring to the management of
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dischargeindredging tasks, the following
three aspects should be considered:

1. Type of material to be dredged and
discharged.

2. Thevolume of dredged and discharged
material.

3. Dischargesite forthe dredged material.

The definitions of the above points are usually
includedinthe scope of the EIA, which aims
toensure thatdredging activities are carried
outinanenvironmentally acceptable manner.
Inall cases, monitoring the mentioned aspects
willinvolve a series of measurements and
continuous monitoring to verify compliance as
established in both the contractand the EIA.

Monitoring everythingrelated to the type of
material to be dredged/discharged will be
primarily covered through strict processes of
periodic sediment sampling and subsequent
laboratory analysis. Regarding pointsrelated
tothe use of the discharge area, the range of
possibilities for environmental control is broad
and willdepend on each project. This topicis
addressed in the following section.

Monitoring the use of discharge areas
The defined and approved zones for the
discharge of dredged material, as determined
by the client, are critical elements when
evaluating a project, especially forthe
contractor. The location and capacity of
each site willhave adirectinfluence on the
production values of dredging equipment,
determined by the distances to be covered
and the number of zones to be used.
Consequently, these variables willimpact
the overall costs of the project.

Considering the effect that the location

of discharge zones hasoncosts, itis
understandable that contractors seekto
"save"ondistances covered during their
operations. Therefore, the controland
supervision of dredging discharge by the client
are fundamental for the properdevelopment
of the project and, above all, forcompliance
with environmental preservation aspects.

As mentioned, environmental monitoring of
dredging activities has assumed a significant
role and can be beneficial for all stakeholders.
However, this does not mean that a cost-benefit
analysis should not be considered, evenwhen
evaluating monitoring procedures to implement.
Environmental monitoring can be alengthy and
expensive process. Forlarger projects, it may
last formany years and require specific and

high-value equipment. Therefore, not all
monitoring methods apply to smaller projects.

Aclearexample of the above, with potential
applicationin environmentalmonitoring,is the
U.S.National Dredging Quality Management
Program (DQM). Thisinitiative by the US Army
Corpsof Engineers (USACE) aimstoprovidea
standardised and automated system forremote
monitoring, analysis and documentation of
dredging projects using both governmentand
contractordredgers.

The DQM collectsinformation from sensors
installed on the vessel, calculates dredging
activities and presents the information
through standardised reports and graphical
representations. The information obtained
includes three elements:dredging cycle data;
hopperload; andreal-time dredger positioning.

While this system offers numerous benefits
related todredging operations and monitoring,
especially incontrolling the use of client-
approved discharge zones, itsimplementation
involves the need toacquire,installand
maintain specific instrumentation, which can
be costly. Additionally, its application outside
therealm of USACE work could pose an
additional complication, restricting its use.

However, for some dredging projects, depending
oncontractual obligations, daily production
information from dredging contractors may not
be available forenvironmental management
purposes (Belletal,2022). This could prove to
be anotherobstacle when defining monitoring
toolsbytheclient.

Having an efficient, simple and low-cost
material discharge monitoring system
would be highly beneficial for small projects,
projects where specific control methods
are not envisaged or situations in which
notallinformationisreadily available.
From this premise arises the motivation
forthe presentwork and the idea of
implementing the AIS system as a tool
forenvironmental monitoring, leveraging
the use of publicly available information.

Trailing suction hopper dredgers
Thistype of equipment falls within the
category of "mechanical/hydraulic
dredgers." Essentially, they are self-
propelled vessels equipped with hoppers
where dredged material is deposited and
later expelledin the vicinity of the working
areaortransported horizontally to the
discharge site. Dredging takes place while

the dredgernavigates atlow speeds using
suction pipeslocated onthe sides of the
vessel,which are lowered to make contact
with the seabed. Material suction, a mixture
of waterand sediments, is achieved through
centrifugal pumps. Figure 1shows a trailing
suction hopperdredgerin operation.

Thesekind of dredgers are characterised

by theirgreat versatility due to the range of
materials they can extract, the various
discharge modalities and their ability to work
inboth protected and unprotected waters.
These aspects give TSHDs the flexibility to
be employed invarious projects, including
channelopening and maintenance dredging,
beach nourishment and trench excavation,
amongothers.

The most common operationofa TSHD can be
understood as a series of simple dredging
cycles, consisting of the following stages:

1. Loadingthe hopper—dredging stage.

2. Navigationtothedischarge site (loaded).
3. Dischargingthe hopperatthe discharge site.
4. Navigationtothe dredgingsite (unloaded).

Thedredger's productivity willdepend on

the type of material to be extracted, hopper
capacity and the total duration of the dredging
cycle.Thedistance tothedischarge areasis
acrucial factorin calculating efficiency,asit
directly affects navigation times.

Automatic Identification System

The AlS isadatatransmission system
installed on ships and land-based stations,
operatinginthe VHF marine band. The primary
objective of thissystemistoenable the
identification of vessels, meaning that ships
communicate their position and other
relevantinformation sothatothervessels
orland-based stations can be aware of it.
This helps prevent collisions and assists

the ship duringits navigation. This tool
contributes notonly to navigation safety but
alsototraffic management efficiency.

The AIS was approved by the International
Maritime Organization (IMO) in 2002 and has
been mandatory since December 2004 for
ships subjecttothe SOLAS Convention that
meet the following characteristics:

» Shipswithagrosstonnage exceeding
S500GT.

- Shipsoninternational voyages with agross
tonnage exceeding 300 GT.

« Allpassengerships,regardless of size.
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The AlS unitconsists of a VHF radio
transceiver capable of sending information
about the station's identification, position,
heading, speed and ship and cargo-related
data,amongothers,toothervessels and
land-basedreceivers. Once the unitisinstalled
onboard and configured correctly, it transmits
information continuously and automatically
without the need forintervention by the ship's
crew. Figure 2 provides a schematic
representation of the AIS system.

The datagenerated by the AIS systemcan
be stored for subsequent managementand
processing using software that allows a
graphical representation of thisinformation.
This enables the performance of (offline)
analyses, both staticand dynamic,onthe
voyages of vessels equipped with an AIS
unitonboard.

AIS for monitoring TSHD

Considering the operational methodology of
TSHDdredgers,itis evidentthat the use of
AlS-generated data allows for tracking the
equipmentduring dredging tasks. This
facilitates adetailed analysis of the operation
and enables several verifications for the
project. AlS also allows the monitoring of
dredgersineach oftheworkcycle phases.

By obtaining a spatial and temporal detail of
the operation, it willbe possible to verify the
use of the areas defined and approved by the
contract, especially for the discharge of
material. Additionally, and through a simplified
methodology that will be explainedin alater
section,anestimate of the volumes dredged
ineachworkcycle could be obtained.

A simplified method to estimate
volumes with AIS

If AIS datagenerated bya TSHD is analysed
during adredging campaign, a quickand simple
estimation of the extracted volumes can be
performed as follows.

The starting pointis the hopper capacity (m®)
of the dredgerused. Thisvalue is known as the
nominal volume of the hopper (Vh) and is easy
toknowsinceitis acharacteristic of each
dredge, andis also the value used to classify
TSHD equipment.

The nextstep willbe to determine the capacity
oreffective volume of the hopper. This variable
will be identified with the acronym Vhe (m?).
Thisvaluerepresents the effective volume of
material contained in the hopperinits fully
loaded condition.

General scheme of the AIS system.

Toobtainthe Vhe,itisnecessarytoaffectthe
value of the nominal capacity of the hopper
(Vh) by acarrection factor. This factor will be
represented by theletter"F"andis called the
utilisation factor. This value,which in the case
study developed below has been adopted as
0.70,depends among otheraspects on the:

« characteristics of the type of soilto be
dredged; and

- workmethodology used. Especially the
overflowdischarge time.

The hopper utilisation factor (F)is specific
foreach dredging campaign carried out
andremainsreasonably constantaslong
as theworking conditions are not modified.
These conditionsinclude the type of sail,
the dredging equipment used, the pumping
power and the dredging methodology used
(overflow time).

About the above, it should be noted that
before the start of each campaignata
specific site, a planning and programming
stage of dredging activitiesis carried out
inthe technical office.In this stage, the
different factors that condition the
operationduring the tasks are evaluated,
such asthe type of soil, work and unloading
areas, and characteristics of the equipment
tobeused,amongothers. This prior
procedure seeks to guarantee the correct
execution of aworkroutine, in which
operations are carried out efficiently

and systematically throughout the entire

campaign. Thisconcept of systematisation
strengthens the premise of maintaining
waorking conditions throughout the same
dredging campaign.

When defining the utilisation factor, at least
two methodologies are identified. On the one
hand,itis possible to adopt avalue based
onwork experiences and previous studies.
Thatis, evaluate productions obtained by the
equipmentin previous campaigns atthe work
site orsiteswhere the extracted materials
and dredging conditions are similar. Previous
studiesandresearchcanalsobeusedasa
reference. Onthe otherhand,itis possible to
define avalue based on the results obtained
andreported by the contractor for the first
dredging cycles executed during the
campaign to be studied.

Finally,the number of work cycles carried out
during the period studied (Cd) must be
determined,thatis, the totalnumberof trips
made by the dredgerwith a full hopper
between the extraction area and the unloading
area.Thisdataisone of the mainresults of the
analysis of operations through AlS.

With the mentioned data, it will be possible
toimplement this simplified method that
willyield estimated values of the volumes
dredged during the campaign. To summarise:

= Nominal hopper capacity =Vh [m?]
» Hopperutilisationfactor=F [%]
- Effective hoppercapacity=Vhe=VhxF [m®]
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Aerial photography of the port of Buenos Aires.

« Numberofworkcycles=Cd[-]
- Dredgedvolume=Vd=VhexCd[m?]

Itisimportant to mention that the calculated

value corresponds to the volume of material
extractedinthe hopper, and due to sail
characteristics, itis greater than thein-situ
volume or the effective volume, whichis
generally calculated as the difference
between two bathymetric surveys, one
before and one afterdredging.

Application case

Toverify the validity of the described
method, an analysis will be conducted using
AlS data from dredging operations ofa
TSHD during acampaign carried out as part
of the project forthe maintenance of the
access channelstothe Portof Buenos
AiresinArgentina.

The Portof Buenos Aires, locatedin the
homonymous province on the shores of

the Riode LaPlata,is the main container
portin Argentina and one of the most
importantinthe Latin Americanregion.
Managed by the Administracion General

de Puertos SE (AGPSE),ithas acapacity
of 1.5 million twenty-foot equivalent unit
(TEUs) annually for total cargo and receives
approximately 1,200 ships peryear. This
portaccounts forover 80% of the country's
containermovement.

Itis a multimodal portdivided into two main
sectors known as Puerto Norte (leftin

Nautical chart of the Port of Buenos Aires.

Figure 3) and Puerto Sur (rightin Figure 3).

This case study will focus on the access
channelstothe North sector.

Puerto Norte comprises 6 docks used

for port operations and the service of
deep-seaand cabotage vessels.

This port sectoraccommodates five
general cargo terminals with 23 berths and
aquayside depth of 10.05 metres (m).

Accesstothe mentioned zoneis achieved
through two channels named Brown Channel,
with alength of 4.7 kilometres (km) and Huergo
Channel,with alength of 7.3 km.In total, there
isanentrance of 12 kminlength,10.36 m (34
feet) indepth and a bottomwidth of 100 m. This
accessroute connects with the Via Navegable
Troncal,whichis alogistical corridor linking

the mainriverterminalsin Argentina. Figure 4
shows the mentioned channels.
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The maintenance dredging of the access
channelsis one of the main projects
tendered at the Port of Buenos Aires
approximately every 3 or4years.

As of May 2024, the mostrecentdredging
operations atthe portwere conducted by

the company Comparia Sudamericana de
Dragados, a member of the Jan De Nul Group.
Thiscompany was responsible forthe workin
the channels afterwinning a public tenderin
2019 forthe opening dredging and 3 years of
maintenance of the access waterways.

The activities coveredin the contract from the
aforementioned tenderwere primarily executed
with TSHD, including the dredger Afonso de
Albuguergue. This equipment willbe used to
studyits operationandimplement the proposed
environmental monitoring methodology.

Afonsode Albuquerque dredger.

The dredger Afonso de Albuguerque, builtin
2018, isasmall-sized TSHD with a hopper
capacity of 3,500 m®. It has been operational
in Argentina since 2019, specificallyinthe
Via Navegable Troncal (the mostimportant
waterway in Argentina) and the channels of
the Portof Buenos Aires.

The Albuquerque dredger specifications are:

« Length:89.30 metres.

« Beam:22.00 metres.

« Draught (loaded condition): 5.70 metres.
» Suctiontube diameter:800 mm.

« Maximumdredging depth: 27.60 metres.
« Discharge mechanism:bottom doors.

AIS data analysis
To analyse the operations of the TSHD
Afonso de Albuguerqgue, verify the use of

approved discharge areas and estimate

the volumes extracted, AIS data generated
by the dredgerwas collected during a13-day
campaignin September 2022 within the
framework of the maintenance dredgingin
the Huergo and Brown channels. To present
theresultsinthis case, the analysis time was
limited to five consecutive days between
8-12 September.

Tovisualise the available data,an AIS data
processing subroutine of the software
called IWRAP Mk2 (IALA Waterway Risk
Assessment Programme) was used. This
programme was developed by IALA, the
International Association of Marine Aids
to Navigation and Lighthouse Authaorities,
toconductriskanalyses.Inthisinstance,
the programme was solely usedas a
graphical viewer for AIS data.
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FIGURES BAANDEB

IALAIWRAP MK2 screenshots.

Afonso de Albuguerque traffic density (8-12 May 2022).

Figures BAand BB display screenshots of
the software during the playback of AIS data
forthe mentioned dates and the analysed
sectorof the channels. The dredge Afonso
Albuguerque, highlighted inred, can be
observed actively working.

Figure 7 displays a traffic density graph
of all the dredger navigations during the
five analysed days. This will be important
when evaluating the use of the dumpsites.

Verification of the use of discharge zones
Tracking the movements of the dredger
during its operationis aquickand
straightforward way to verify compliance
with the use of approved zonesin the project.
Inthe case of dredging the access channels
tothe Port of Buenos Aires, the discharge

of material must be carried out within the
zones defined for this purpose by the
National Directorate of Waterways.

Figure 8 shows the areas approved for

the discharge of materialin green and the
areas subjecttodischargerestrictionsin
red. The green areas are used for the
discharge of material from different dredging
works inthe area. The sectorwhere each
dredge discharges willdepend on the
available depths and the draft of the ship.
Inthe case of maintenance work on the
accesschannelstothe port of Buenos Aires,
the areasinorange are usually used.

Itis possible tosee thatthe distance tobe
navigated by the equipment between the
work sectorand the dumpsiteis significant,
reaching anaverage value of 20 km.

Once the AIS analysis was completed, the
verification of the use of the unloading areas
was carried out. This was done by crossing
the map of approved zones and the traffic
density map of the dredger. Theresultis
presentedin Figure Swhereitis possible to
seethatthe usewascorrectandtherefore
the Afonso de Albuquerque dredger
respected what was established by the
regulatory authority regarding the dredged
materials placement.

Whileinthisinstance, the verification was
done using a traffic density chart generated
by AlS processing software based on data
from the five analysed days, itisindeed
possible tocarry out thisoperationinreal time.
This allows for the immediate verification of
compliance with approved zones during
ongoing operations.
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Estimation of dredging volumes
Regarding the operations of the dredger
between 8-12 September2022, a total of
44 workcycleswererecorded, resultingin
between 8 and 9 cycles perday.Indetail, the
analysisrevealed the following averages:

» Dredgingtime:43 minutes.

» Loadedtraveltime: 56 minutes.
« Dischargetime: 11 minutes.

« Emptytraveltime: 53 minutes.

Itis noticeable that the distance to the
discharge zone in this projectis significant
and strongly influences the number of work
cyclesthat canbe performed daily.

With the results obtained from the processing,
especially the number of cycles performed, it
is possible to apply the simplified methodology
toestimate the valumes of dredged material
(Vd) asindicatedinaprevious section.

The step before computingistodefine avalue
forthe hopper utilisation factor (F). For this,
the following was taken into consideration:

Contract-approved areas. « Soiltype.Accordingto AGPSE data, the
material dredged in the Huergo and Brown
channels corresponds to a mixture of silt,
fine sand, and clay of alean consistency,
generally good fordredging.

» Characteristics of dredging cycles. The
operation times resulting from the analysis
of AIS datawere evaluated, especially those
intended for the dredging taskitself.

» Information provided by the contractor to
the AGPSE onthe operations carried out
during the analysed campaign. Although
the analysis of five consecutive daysis
presentedin thiswork,information on the
operationis available forthe entire 13-day
campaign.

= Information on previous dredgingworkon
the site and otherworksin areas near the
Port of Buenos Aires.

Inthis case, a utilisation factor of 0,7 was
adopted, and therefore, the effective capacity
usedinthe calculation forthe dredger Afonso
de Albuguerque willbe 2,450 m® per cycle.
Theresults obtained for the estimated
dredged volumes are summarised in Box 1.

Next, tovalidate the method, Box 2 presents
the comparison with the volumes extracted
by the dredger during the analysed campaign.
These datawere obtained afterbeing
m requested from AGPSE, which provided the
Verification of the use of the discharge area. corresponding daily operation reports.In
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these documents, the complete activity of
the dredgerisreported, including material
extraction and discharge zones, dredging time
and delays, the number of trips made and
equipment productionvalues.

Itis possibletoseein Box 2 thattheresults
obtained are satisfactory. The volume
estimation carried out using the proposed
simplified method yields values whose order of
magnitude is significantly representativein
comparisonwith the values reported by the
contractortothe AGPSE through the daily
workreports. The differences found do not
exceed 5%, except for one day which was
around 8%, which is more than appropriate
considering the simplicity of the method and
the assumptions made to define the hopper
utilisation factor.

Conclusions

Considering the content presented throughout
thisarticle, a series of finalcomments can be
made as conclusions. Firstly,itisimportant to
emphasise the significance of monitoring

duringdredging operations. While these tasks
are usually the responsibility of the contractor
and are contractually established, itis good
practice forthe clienttohaveits control tools
or methods.

Whenreferringto environmental controlin
discharge zones, it essentially addresses
three variables dealt with by the Environmental
Impact Assessment (EIA) of each project:

the type of material to be dredged andits
behaviour;the location of the discharge sites;
and the physical capacity toreceive these.

Thiswork has focused on the control of the
last two mentioned variables. As mentioned,
the definition and approval of these zones are
based not only on operational or project
profitability issues but also on environmental
aspects and conflicts of interestcanarisein
thisregard. Considering the influence that one
single kilometre differencein the location of
discharge zones can have on construction
costs,itisunderstandable that contractors
trytosave ondistancestravelled. Therefore,

Vhe (m?)

08/09/2022
09/09/2022 8 07 2.450
10/09/2022 9 07 2.450
11/09/2022 9 07 2.450
12/09/2022 9 07 2.450

Estimation of dredged volumes by AIS data.
Day Cd(-) vd AIS (m?) Vd AGPSE (m®*) Difference (%)
08/09/2022 S 22.050 22184 -0,6%
09/09/2022 8 19.600 21483 -8.8%
10/09/2022 9 22.050 23.047 -4,3%
11/09/2022 9 22.050 22.490 -2,0%
12/09/2022 9 22.050 21.5M 2,5%

Comparison of estimated and contractor-provided volumes.

controland supervision of dredging
operations are fundamental in this aspect.
The Automatic Identification System (AIS)
emerges as a toolwith great potential for
monitoring dredging operations, especially
those carried out by TSHD equipment due to
the typical characteristics of their operation.
Given the mandatory nature of this automatic
identification system, established in 2004,
obtaining AIS data from vessels to monitor
should not be a problem.

Tracking the movements of dredgersviaAlSin
realtime as well as afteroperations allows for
simple and quick verification of compliance
with approved work zones. Respecting
approved discharge zonesiscrucial forthe
properdevelopment of the project. Onthe
otherhand,the possibility of estimating
dredged volumes with TSHD equipment
through AIS data processing adds value to the
use of this tool. Preliminary monitoring of the
amount of material dischargedinthe areas
approved for this purpose is another
environmental aspect thatcan be covered
with the proposed control methodology. The
volume values estimated using this simplified
method and theirrelationship with those
measured by the contractordemonstrate the
potential of the procedure, aslong as the
working conditions are maintained throughout
the entire dredging campaign. Although thisis
an estimate, finding differences betweenwhat
was calculated and whatwas reported by the
dredgerin charge could be aninitial indicator
tolaterrequest maore precise controls, such as
bathymetric surveys ordirect measurements
inthe equipmenthoppers.

Basedontheabove,itiscorrecttostate that
the use of AIS as an environmental control
toolindredging projects, especially when using
TSHD equipment, has great potential.ltisa
simple, efficientand, above all, economical
methodsinceitdoesnotinvaolve the use of
specific equipment as othercontrol methods do
suchasthe DOM.Thislastaspect should be
emphasisedsince, as mentionedin thisarticle,
environmental monitoring can be beneficial for
all stakeholdersin a project, but this does not
mean that a cost-benefit analysis should not be
considered when analysing the maonitoring
procedures tobeimplemented.

The case study demonstrates thatwith the
minimum necessary information, AlIS can be
animportant environmental management
alternative in a project, especially in smaller-
scale projects or cases where daily operation
informationis not available.
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Summary

Allaspectsrelated to materialdischarge indredgingwork are
fundamental for project development. The definition and subsequent
approval of sites designated for such operations are complex tasks
thatinvolve technical,economic and environmental factors. In
particular, the geographical location and material reception capacity
of discharge areas are two aspects that significantlyimpact
construction costs,demanding a certainlevel of control by the client
overthe contractor'sworktoverifyits properuse. In projects
invalving trailing suction hopperdredgers (TSHD), the
implementation of the Automatic Identification System (AlS) as a
maonitoring tool for operationsrepresents an efficientand cost-
effective alternative for conducting environmental and contractual
controls. Through thismethod, itis possible not only to track
dredging equipment and verify the use of contract-approved zones
butalsotoestimate dredging volumes. A practical case study at the
Portof Buenos Airesin Argentina demonstrates the tool's potential
and presents some relevant conclusions.

Juan Cruz Andrini

Juan Cruzis a hydraulic and civil
engineer who graduated from the
National University of La Plata
(UNLP])inArgentina.Heis about
to finish his studies specialising
inportengineering at the Faculty
of Engineering of the University
of Buenos Aires (UBA). Juan Cruz
currentlyworks as head of the

studies and projects department
of the company EMEPAS A,
which has beenresponsible for
the maintenance of the navigation
aid system of the mostimportant
navigable waterwayin Argentina
formore than 25 years.

René Kolman, Secretary General of IADC, presents the Young Author Award 2024 to Juan Cruz Andrini.
Theawardis presented atindustry-leading conferences, with thisyear’'s winning author selected from
the proceedings of the PIANC Warld Congress held in Cape Town, South Africa, 28 April— 3 May 2024.
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ENVIRONMENTAL
MANAGEMENT
AND MITIGATION
MEASURES: ADDU
CITY PROJECT

Dredging and reclamation projects can significantly impact
local ecosystems. Negative impacts can be minimised by
adopting proper environmental management and mitigation,
from preparation to completion phase. Addu City project
sets an example of implementing novel construction
methodologies and successfully addressing environmental
challenges. The project has created over 200 hectares

(ha) of climate resilient land for housing and touristic
development. Enclosure of footprints, relocation of corals
and seagrass (at pilot level) before reclamation process, and
monitoring sediment impact in the nearby marine protected
areas during dredging and reclamation are exemplary of the
management approach applied to ensure minimisation of
potential negative environmental impacts.

Since the18th century, dredging and
reclamation projects have taken place around
theworld (Borel, 1867).1ts processes have
undeniable impacts onthe footprint of the
newly created areas and the ecosystems
adjacenttothose areas. The potentially
negative impactstothe environmentcanbe
minimised when proper mitigation measures
are adopted prior and during the execution of
works and when proper environmental
managementis present throughout the
course of the project. Mitigation measures
referto allmeasures aiming at minimising or
eliminating factors that can potentially
negative influence physical, biotic and
socioeconamic environments within and
surrounding the works.

The case of Addu City dredging and
reclamation project provides a number of

important findings regarding novel
construction methodologies, environmental
challenges, stakeholderengagement and
lessonslearnt forengineers. The project’s
main scope has been the creation of over
200 haofclimateresilientland to support
housing of local population and touristic
development. Project managementand
mitigation measures aimed at conducting the
reclamation worksin this sensitive areawith
minimal negative environmental impact
included: proper enclosure of the footprints
andrelocation of corals priortoreclamation
process; thorough monitoring of sediment
impactinthe nearby marine protected areas
during dredging and reclamation;and
execution of a pilot project for seagrass
relocation. The effectiveness of such actions
canbedirectly visible in the reef health of
Addu atoll after the completion of the works.
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Inthis article, the sequence of events along
with theresults of environmental actions and
initiatives willbe shared. The importance of
adetailed and high-quality Environmental
Social Impact Assessment (ESIA) will be
highlighted toidentify environmental
challenges as early as possible in preparation.
The Addu City dredging and reclamation
projectdeployed one of the highest set of
standards for management practicesinavery
effective manner. This approach can be
adopted for projects of similar magnitude and
sensitivity within and outside the region.

The project location

The Addu City dredging and reclamation
project (referred hereafteras the project)
took placein the Addu or Seenu Atoll (Figure
1). This southernmost atoll of the Republic of
Maldives. Addu City consists of the inhabited
islands of Gan, Feydhoo, Maradhoo, Hithadhoo
and Hulhumeedhoo (Hulhudhoo-Meedhaoo).

The project description

The Ministry of National Planning, Housing

and Infrastructure of the Maldives awarded

thereclamation by dredging and shore
protectionwarks forland in Addu City to Van

Oord.The projectis part of the Addu City

development project to help transform Addu

Cityinto a fully functional city, a thriving

economic hub and an attractive tourist

destination. To help obtain this goal, five key
preconditions need to be met: stimulating the
economy, tackling high unemployment,
enhancing connectivity, addressing climate
change and environmental protection, and
promoting decentralisation. The scope of work
consists of the design and construction of:

1. Dredging andreclamation of 76 ha and
shore protection works in Maradhoo;

2. Reclamation of S0 ha and shore protection
worksinzone1andzone 2 of Hithadhoo;

3. Reclamation of 25 hafor threeisland
resorts;

4. Reclamation of4.7 haand shore protection
works in Hankede;

5. Reclamationof1.4 haand shore protection
works for the new fourlane linkroad
connecting Maradhoo and Hithadhoo
islands;

6. Stormwaterdrainage;and

Relocation of existing utilities.

~

This article willfocus on the strategy and
execution of points1-4, with a specific focus
onthedredging and reclamation sequence,
and the impactonthe environment. The
reclamations can be seenin Figure 2 and
Figure 3. The potentialimpacts of the project

Locationofthe Addu Atollinthe Maldives and itsislands (Ahmed, 2008).

General outline of the reclamation projectin Addu City.

are describedin the Environmental and Social
Impact Assessment (ESIA) of the project
(Water Solutions, 2022).

Dredging equipment

Thedredgingand reclamation was executed by
the trailing suction hopperdredger (TSHD)
HAM 318 with hopper capacity of 39,467 m?,
two suction pipes 0f 1,200 mm and maximum

dredgingdepth of 135 metres (Van Oord, 2016).

Thevesselis capable of under-keel overflow
andis equipped with an environmental or
greenvalve (PIANC,2010). The environmental
valveis abutterfly valve in the overflow
systemofthe TSHD aimed at reducing the
formation of air bubblesin the overflow
mixture. Thisresultsin more stability of the
near-field overflow plume, whichincreases the
settling of the generated plume on the seabed.
Thisway the spatial extent of the plumeis
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Focusonthe areaofthe Hankede island indicating the abutments for the new fourlane link road.

Thetrailing suction hopperdredger HAM 318 in Addu City, Maldives during reclamation of Hithadhoo zone 2.

significantly reduced keepingit close to the
dredging area.

Sequence of execution of works
Preparatory works
Preparatoryworksinclude every activity
preceding the main volume of the construction
process,namely the dredging and reclamation
warks. Those works include mobilisation of
personnel and equipment on the construction

site. They alsoinclude the bathymetric survey
of the existing condition of the project area
priortoany construction process.

Furthermore, withregards to the environmental
aspectsofthe project, the preparatory works
include allthe required surveys assessing

the marine life and existing environmental
conditionsinthe project area.In furtherdetail,
those surveysinclude:

The Addu City
project deployed
one of the highest
set of standards
for management
practices.

- Marine ecology surveys assessing benthic
life and marine species on thereclamation
footprintand adjacent areas.

= Environmental monitoring surveys
assessing the prior-to-dredging
conditions onwater quality, temperature,
sedimentation, airand noise quality.

- Preparatoryworks forcoralrelocation.
Aselection of corals fromthe reclamation
footprints needs tobe transferred to suitable
recipient sites.Van Oord, with the support of
alocal sub-contractorhas performed coral
relocation pre-surveyin July 2022 to assess
quantitatively and qualitatively existing
coralreefswithinreclamation footprints
(see Figure 5) andimmediate vicinity.
Moreover,an assessment of potential
recipient sites within Addu Atollwas made.
Thosesites should have the same or similar
environmental conditions to ensure that
coralswillsurvive and grow in the new
environment. Theresults of the pre-survey
were used toidentify number, species
and type of donor corals and the most
suitablerecipient site foreach category
of donorcorals.

Construction works priorto dredging

andreclamation

Construction of enclosures of the

reclamation footprints

This partof the worksincludes the proper

enclosure of thereclamation footprints. This

requirement stems from the environmental

impactassessment mitigation measures to

contain the high turbidity levels expected

duringreclamation. For that purpose,

depending onthe design strategy foreach

footprint, the enclosure consists of:

= Sandbunds,incase the finalreclamation
isexpectedtohave aform ofabeach.
Such footprintsinclude the Hithadhoo zone
2 and Hankede (Figure B8) reclamations.

- Sandandrockbundsuptothereclamation
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Coralscaollectedwithinthereclamation footprint of island resort 3 during coral relocation works.

Sandbund forthe enclosure of Hankede reclamation footprint (28/07/2023)

Rock bunds forthe enclosure of Hithadhoo zone Treclamation footprint (24/06/2023).

level,incase that coastal protection works
have been foreseen. Such footprints
include Maradhoo and Hithadhoo zone 1
(Figure 7)reclamations.

- Sand-filled geotextile tubes for creating
the outline and the coastal protection
oftheresortislands1,2 (Figure 8)and 3
(Pilarczyk,2008). The coastal protection
consists of two layers of geotextile tubes
andthe enclosure of the footprint has been
implemented by installing the firstlayer of
the geotextile tubes.

Implementation of coral relocation works
Another mitigation measure arising from the
ESIAhasbeentherelocation of a selection of
corals fromthereclamation footprints to
suitable recipient sites. Therefore, afterthe
completion of the marine ecology and
environmental monitoring surveys, and the
preparatory works forthe coralrelocation, an
elaborate plan forrelocation of corals from the
reclamation footprints was implemented.
These coralswere transported to safe
recipient sites within Addu Atoll. The recipient
siteswere chosen based on ecological,
recreational, educational and cultural criteria.

Van Oord appointed three local dive groups
with marine biologists to execute this task of
relocatingmore than 73,000 coral colonies
within the provided timeline of the project. The
relocationworks lasted atotal of three
months. The sub-contractorsremoved coral
colonies from the reclamation footprints using
hand tools, such asahammerand chisel. The
detached corals were then safely transported
by boats to nearby selected recipient sites.
Detached corals were categorised based on
theirgrowth forms:fragile coral colonies were
placed on frames (Figure 8) whereas massive
and sub-massive coral colonies were placed
freely onthe seabed (Figure 10) or fixed using
acementmixture.

Implementation of seagrass pilot
Eventhoughthe ESIAindicated thatthe
projectwillhave animpact on the seagrass
meadows, no mitigation measures were
imposed. However, Van Oord implemented
aseagrass pilot programme relocating a
total of 840 seagrass sods of 0.125 m?*from
the reclamation footprint of Maradhoo, to
three specifically chosen locations nearby
Feydhoo.Van Oord has worked closely
with local stakeholders toreplant those
sodsindifferent patterns (seeindicatively
Figure 11) to examine the survivability of
the pilot programme and to scaleitupin
future endeavours.
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Firstlayerof geotextile tubes forthe enclosure of resortisland 2 reclamation footprint (01/06/2023)

Monitoring scope and additional mitigation
measures during dredging and reclamation
Siltcurtains

Siltcurtains are arrangements designed to
control suspended solids and turbidity
generatedinthe watercolumn as aresult of
environmental dredging operations and
navigation. The Ecocoast Ecobarier Silt
Curtains ESC-300 type lllwere chosen for
the project. Thistype of silt curtainsis suitable
fornearshore application, for moderate to
strong tidal flows (<1.5 m/s), formoderate
exposure waves (<1.5m) and mediumtolong
projectduration. Those technical
specifications are consistentwith the tidal
and wave conditions within Addu Atolland
with the project duration. Installation, (re-)
handling and anchoring has beenimplemented
accarding to the specifications of the supplier
(Ecocoast, 2020).

Figure 12 shows theinstalled silt screen at
Hankede reclamation. The outfalls consist of
8 pipes of Tmdiameter. The silt screenis
placed around those pipesto furthercontain
dispersion of sediments furtheraway from
the immediate vicinity of the reclamation
outfalls. Thislimits the negative impact of
sedimentinduced turbidity clouds originating
from thereclamation works onto the coral
reefswithinthe atoll. Itis anticipated that
the amount of suspended fine sediments that
the silt screenwould need to prevent from
spreadingincreases as the reclamation filling
progresses.As anindication, the turbidity
justoutside of the silt screenin Hankede was
measured with awater quality EXO3 probe

on 3 August 2023, one day priorto the
completion of Hankede reclamation.

The exactlocation of measurementwas the

Fragile corals placed on frames atrecipient sites

water columnin front of the groyne located
inthe south of Hithadhoo zone 2 reclamation
(Figure12),85 m from the silt curtain.
Spotmeasurements onthislocationindicated
turbidity 0f 37.53+0.02 NTU, whereas the
turbidity in the buoy in the British Loyalty
Shipwreckdid notexceed 3 NTU within the
following days. Itis safe to consider that the
sedimentthat managed to pass thesiltscreen
was depositedrelatively fast, due to the low
current speedsin this particularlocation.

Adaptive sediment management plan

An adaptive sedimentmanagementplanisa
setofactions taken during the active phase of
dredging to ensure that no exceedances of
turbidity limitations occur orifthey do, that
theyremainundercontrol. Thereis a set of
measures that can be adopted, which are
dividedintwo categories: proactive
managementincluding the measures that
are takenwhen level1triggers are exceeded;
and responsive managementincluding

the measures takenwhenlevel 2 triggers
are exceeded.

Corals placed onseabed inrecipient sites.

The strategy followed for this planis based
onthe approach usedwithin the Building
with Nature research group on adaptive
management strategies. Adaptive
managementwas also selectedasa
management practice applicable tothe
projectduringthe PIANC 100 Workshop.

Among the measures applied to the project,
the proactive management actionsinclude:
- Continuouscollection of data from both
reactive and informative monitoring
programmes to generate useful datasets.
» Recordingallrelevant environmental

Replanted seagrassinwave active sites has
been protected with hessian bags filled with rock.
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management actions carried out.

« Analysing alldataandreporting to look
for optimisation possibilities.

- Adaptingwork methods to optimise
environmental and dredging performance.

Mareover, responsive management

actionsinclude:

- Reviewingthe origin of triggerlevel
exceedance and select most appropriate
management practices.

+ Investigating the expected effect of
selected management practices.

» Preparingimplementation plan and
procedures.

» Confirmation thatimplementation of
management practicesis still required.

- Implementing management practices.

- Prioritisingreactive (water quality)
monitoring to measure the effects of
implemented management practices.

- Informing stakeholders of exceedance and
responsive actions taken.

Monitoring scope

Aseries of monitoring campaigns were
implemented prior, during and after the
execution of the dredging and reclamation
works. [twas important to minimise the impact
of the dredgingworksin thelocalmarine
environment. In addition, temperature, pH,
turbidity and sedimentation are parameters
thatneeded to be monitored to ensure thatno
exceedances beyondtheregulatedlimitations
occurred. Furthermore, the local marine
environment should be frequently inspected
toinvestigate whetherthe dredging and
reclamationworks have noimpactto the
marine life,namely coral health, fish
abundance, protected species,etc. Those
requirements are indicated within the ESIA of
the project (Water Solutions, 2022).

The means of monitoring turbidity throughout
the projectinclude floating buoys. The buoys
were installedin the project area (as shownin
Figure 2) atlocationsinthe marine protected
areas thatwere expectedto be affected by
the project’'sworks.

The buoys are equippedwithan EXO3
Multiparameter sonde (referred to as sensaor).
The sensoris placed underthe water surface
and the measured datais collected in the buoy
and transmitted to the office by meansofa
GPRS connection. Secondly, the datais
storedinthe buoy dataloggerand canbe
downloaded toacomputerusing aserial USB
link. The major components of the water
quality monitoring buoy are indicated in Figure

Installed silt screen for the Hankede reclamation and the south groyne of Hithadhoo zone 2 reclamation.

13.The dataloggeris equippedwitha GPS
receiver fortiming and tracking of the buoy.
Additionally, the monitoring buoys are
equippedwith astrobelightand aradar
reflector fordetection. The sensoris
connectedwiththe controller (data
processor)intheinstrumentbarrel with an
individual sensor cable. The controller uses
the GPS fortiming and position. The turbidity
sensormeasures turbidity levels every minute
andlogs the observationsin the controller.
Accordingly collected datais transmitted
every 15 minutes to the office. The buoys are
capable of measuring turbidity, pH and water
temperature continuously.

Thetotal suspended solids can be indirectly
calculated based onthe turbidity measurements
using a conversion coefficient. The conversion
coefficientdepends onthe composition of the
sediment.Consequently, sediment samples
were taken from severallocations withinthe
Addu Atoll. The correlation coefficient between
turbidity [NTU] and total suspended solids
(TSS) [mg/I]was calculated at1.512.

The Environmental Protection Agency of
Maldives indicated that the maximum values
of turbidity are 3-5 NTU in the MPA and for
sedimentationrate 15 mg/cm?/day in
specifically chosenlocationswithinthe inner
atoll. Ithastobe highlighted however, that as
indicated by PIANC (2010) inreport number
108, “Dredging and Port Construction around
coralreefs” exposure to turbidity and
sedimentationrate of levels higher than the
indicatedlimits needs tolast weeks to cause
stresstocorals. Consequently,short-term

exposure to slightly highervalues of turbidity
and sedimentationrateisnotexpectedto
affectthe coral health.

Based onthe measurements acquired from

the monitoring buoys, there have been no
significant maodifications in the background
values of pH and watertemperature throughout
the dredging and reclamation period. Moreover,
the combination of enclosing the reclamation
areaandinstalling silt curtains around the

Left:water quality monitoring buoy showing the
solar panels, the underwaterconnectors, the
floater (orange), the water quality EXO 3 sensor,
the buoy tailand resistance cross. Right:
deployed monitoring buoy showing (above the
solar panels) the radarreflector, the solar panel
chargedlightand the antenna.
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reclamation outfalls to contain turbidity levels
further fromreclamations, hasresultedin
maintaining daily average values of turbidity
below SNTU or7.56 mg/|,if the correlation
coefficientis applied. Exceedance was only
recorded within the lasttwo days of dredging
andreclamationat 6-8 NTU. Thisis attributed
toaswellevententering from the east side of
Ganisland andresultedintransporting the
dredge-induced plume towards the buoy at
the British Loyalty Shipwreck. Nevertheless,
the duration of the exceedance was too short
tohave significantimpact onthe coral health
and marine life.

Measurement of sedimentationrate has been
achieved by means of installation of sediment
trapsinspecificlocations within Addu Atoll
indicated by the ESIA (see Figure 2).The
locationwas choseninorderto monitor the
sedimentationrate along the reefs within
Addu Atolland have a more extensive overview
of the sediment transport throughout the
active phase of dredging.

Sediment traps have been constructed by
5Scminternaldiameter PVC pipe, 1.5 cm long
and sealed atthe bottom end, with baffles at
the top of the pipe to prevent entry of fish.
Each setof traps consisted of three traps tied
togethertoaniron stakedrivento the seabed,
approximately 20 cm fromreef bottom (see
Figure14). Ateachsite, three sets of traps

were deployed between Sand 10 metres,
foraduration of 14 days. Retrieved sediments
are washed in freshwater multiple timesto
remove saltand then ovendried at 60° C and
weighted to 100" of a gram. Sedimentation
rateis calculated as mg of sediment percm?
perday,astheratio of the sediment weight
(totaldry weight of the sediment samples
from each site) divided by the product of the

Example of sedimenttrap (English etal,,1887)

Ganttchart forthe sequence of dredging and reclamation of the project.

number of days of deploymentand the area
of sediment deposition.

Construction works during dredging
andreclamation

Dredging and reclamation sequence
AsindicatedinFigure 2,the TSHDHAM 318

canremove sediment from two borrow areas,

namely the south and the southeast borrow
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areas.Adredgingcycle of the TSHD consists
of dredging from one of the borrow areas up to
accumulating the maximum volume of hopper
capacity. Then,the sedimentis depositedin
thereclamation footprints by means of a
floating pipeline.

Eachofthe trips of HAM 318 are shown in
Figure 15 throughout the course of the
dredging and reclamation phase of the project.

Thereclamationin Hithadhoo zone 2 took
placein several stages asindicatedin Figure
16 due toitselongated shape,to accommaodate
the unobstructed execution of reclamation
works and to accommodate the function of the
Hithadhoo commercial port. Thus, Hithadhoo
zone 2 reclamation started on 28 May 2023
andwas completed on1August2023.

The floating pipelines were installed on the
southmostand the northmostlocations of the
footprint,whereas the reclamation outfalls
were placedin the middle of the length of the
reclamation, close to the marine protected
area of the British Loyalty Shipwreck.The
choice of the outfalls aimed ataccommodating
the efficiency of the reclamation execution.
Eventhoughthedistance fromthe MPAIs
substantially small, the use of silt screens
combinedwiththe placementofan
environmental buoy in the MPA (Figure 2)
resultedinathorough monitoring of the
reclamation process and ensured thatno
turbidity exceedances wererecorded within
the British Loyalty Shipwreck area.

Maradhoo reclamation was implemented
between 31Mayand 25 June 2023 (see
Figure18). The floating pipelines were placed
from the inner atoll, crossing over the main
streetanddischarging sediment mixture from
the north (see Figure 17) and the south side of
thereclamation,whereas the reclamation
outfallswere placed midway in the enclosure
sand androck bund. The floating pipelines
were protected with road humps made of sand,
sothatthereclamation could proceed
accarding to plan andthe traffic through
Maradhoo-Feydhoo, Maradhoo and
Hithadhooislands remain unobstructed. As
shownin Figure17,anintermediate bund was
constructed acrossthereclamationareato
furtherassistinfine sediment containment
from the offshore side of the ataoll. Since the
outfalls are placed in the offshore side of the
reclamation, there was no possibility of using
siltcurtains for sediment containmentin the
last stage of the reclamation. However, the
strong currents ensured that no sediment
plume could possibly form.

Reclamation at Hithadhoo zone 2 on 14 August 2023, with groyne constructed in the south of
thereclamation and the natural beach started formingin the inner side of the atoll.

FIGURE17

Maradhoo reclamation footprint progress on12 June 2023 (floating pipeline discharging sediment
mixture fromthe north).
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Maradhoo reclamation footprint on 14 August 2023 (drone photo taken from the north edge of
thereclamation). The location on the north side where the floating pipeline cross the main streetis
indicated with red box

Hithadhoozone 1reclamation on13 August 2023 (drone photo taken from the north side of
the reclamation)

Hithadhoo zone 1reclamation was executed
between1-17 July 2023. The floating pipeline
was installed from the south side of the
reclamation.lt must be highlighted that this
was the firstreclamation completed with
sediment taken entirely from the southeast
borrow area, whereas Maradhoo and
Hithadhoo zone 2 were filled by sediment
coming both from south and southeast borrow
areas. Thisis partof the general strategy to
periodically switch borrow areas to control the
sediment dispersion and the plumes
generatedlocally due to the dredging
operations. Thereclamation outfall was placed
inthe midway of the rock bund enclosure and
silt screens usedtoensure containment of
sedimentdispersion further from the
reclamation area.

Resortislands1and 2 reclamations took place
18-23 July 2023 and 26-29 July 2023,
respectively. Resortisland 1was filled with
sediment from southeastborrow area,
whereasresortisland 2 was filled with
sediment from south borrow area, once again
tomaintainlow turbidity generated by the
dredging operations. As previously indicated,
the enclosure of the reclamation footprint was
accomplished by sand-filled geotextile tubes.
The finaldesign of theislands included two
layers geotextile tubes, one placed on top of
the other. The enclosure was made by
installing the firstlayer of the lower tubes.
However, inthe circumference of the
enclosure, one geotextile tube in the west/
southwest of the islands was not placed to
serve as thereclamation exit, which was
covered bysiltscreens.Theresortislands
and 2 afterthe completion of the reclamation
procedure canbeseenin Figure 20 and
Figure 21, respectively.

Final stage of the reclamation sequence

has beenthe execution of theresortisland 3
(Figure 22) and the Hankede (Figure 23)
reclamations. The enclosure of theresort
island 3 consists of geotextile tubeswhereas
Hankede consists of sand bunds. Those
reclamations collectively were executed
between1-7August 2023. The majorreason
forthis choice was that forresortisland 3,
evenaftercreatingthe enclosure,itwas
notconstantly above water. Thus, the only
possibility of executing a closed reclamation,
where the sediment mixture would stay
withinthe area of theisland would be if the
reclamation took place during low tide. The rest
of the time, sediment mixture was placedin
Hankede reclamation. Silt curtainswere used
here aswellto contain sediment dispersion.
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Resortisland1reclamationon13 August 2023 (drone photo taken from the south of the island). Inthe
southwest of theisland the opening used as the reclamation exit can be seen

Resortisland 2 reclamation on13 August 2023 (drone photo taken from the south of theisland). The
openingused asreclamation exitisvisible in the west of the island.

Resortisland 3 reclamation footprinton14 August 2023 (drone photo taken from the west of the
island).Inthe lower left of the photo you can see the second layer of geotextile tubes beinginstalled.

Discussion and lessons learnt
Theinformation contained in the above clearly
supportsthe argumentthatenvironmental
managementwas present throughout the
entire course of the project. The environmental
manager is alwaysresponsible for performing
inspections of processes and equipment to
avoid any accidental situations (oil spills,
damagetocoralreefsetc.).ltisalsowithinthe
responsibilities of the environmental manager
toinformlocal community (city councils,
NGOs, etc.) about progress updates and
record concerns and feedback that need to be
addressed in every phase of execution.

Priortothereclamation, theinitial phase of
constructionis strongly dependentonthe

site conditions. In addition, thereisaneedto
minimise the impact of construction equipment
sothatminimal social obstruction occurs,i.e.
no obstruction of transportation of goods and
people or fishing activities. Moreover, itis
essentialtoensure minimalimpact on marine
life due to the execution of works. Construction
with minimal noise and turbidity effects will
contribute minimalimpact to the marine life.
Priortoenclosure of the reclamation footprints,
theremoval of marine life is highlyimportant
andrequirestimely use of resources (workers,
equipment,local community) to work together.
Anotherresponsibility of the environmental
manager to coordinate.

During execution of dredging and
reclamation, rapid response to potential
exceedances of monitoring parameters
(turbidity, sedimentation, airand noise
quality, etc) is of high importance. If actionis
taken as soon as possible, then thereversing
of the impact onthe environment will also be
fast. Thus, the environmental manageris
always indirect contact with the managers
of allother project departments including
operations and health and safety.

Adirectresult of properenvironmental
managementwas visible afterthe completion of
the dredgingandreclamation works.Notonly
has marine life not been affected withinthe
marine protected areas, but alsoin Addu Atoll
intotal. Asignificant highlight has been the
observation of mantaray sightings during the
project. Sightingincidents of mantarays (as
shownin Figure 22) were recorded based on
information provided by local dive masters,
indicating that this magnificent marine life
species keptreturning everyday atthe

Maa Kandu Manta Paint (marine protected
areaindicatedin green polygon around buoy
2atFigure 2).
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Finally, the importance of adetailed ESIAhas
tobe highlighted asit playsanimportantrolein
protection of the environment, identification
of potentialimpacts and the proposal of proper
mitigation measures. These key points ensure
thataprojectisdesigned andimplemented
considering allenvironmental concerns.
These concernswillbe integratedinthe
developments ensuring the sustainability of
the project. Ifan ESIAfollows the international
standards, set namely by the Organization for
Economic Cooperationand Development
(OECD)andtheInternational Finance
Corporation (IFC),itisfeasible todelivera
sustainable project. If thisisnotthe case,agap
analysisis deemed necessary to be carried out
by the environmental manager to takeinto
accountanyshortcomings and to make thelist

of mitigation measures more complete. Allin all,

aproperanddetailed ESIA cancontribute to
more accurate environmental management
throughout the project execution.Inthe
presentcase, gaps have beenidentified
betweenthe executed ESIAandthe OECD
guidelines. The contractortook steps and
covered the additional requirements to
achieve compliance with the OECD standards.

Hankede reclamation completed on14 August 2023.

Mantaray sightings at Maa Kandu Manta Pointon 18 August 2023.
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Conclusions
Inthis article, the importance of environmental
managementis discussed through the case

of Addu City dredging and reclamation project.

Theimplementations of sustainable actions
tominimise theimpact of the projectto the
environmentinamannerthatis fastand
efficient plays animportantrole and sets

an example for execution of similar projects.
In addition, a detailed and thorough ESIA
document provides the best starting point
forsuccessful environmental management
of any project.

Summary

Dredging and reclamation projects have the potential to pose significantimpactson the
ecosystemsinthe footprint of the newly created areas and the ecosystems adjacent to them.
Potential negative effects of these impacts can be minimised when proper environmental
management through mitigation measuresis adopted throughout the course of the project,
from preparation to completion. Addu City dredging and reclamation projectis a great example
of aprojectwhere novel construction methodologies were implemented and environmental
challengeswere successfully addressed. The project’s main scope has been the creation of
over 200 hectares of climateresilientland to support housing of local population and touristic
development. Properenclosure of the footprints, relocation of corals and seagrass (at pilot
level) priorto the reclamation process, and thorough monitoring of sedimentimpactin the
nearby marine protected areas during dredging and reclamation are exemplary of the
management approach applied. Allaimed at conducting the reclamation worksin this sensitive
areawith minimal environmentalimpact. The effectiveness of such actionsis directly visible in
thereefhealth of Addu Atoll after the completion of the works.
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UPCOMING COURSES
AND CONFERENCES

Dredging and Reclamation Seminar

1-5 July 2024
IHE Delft Institute for Water Education
Delft, The Netherlands

About the seminar
Since 1983, the IADC hasregularly held a
week-long seminar developed especially for

professionalsindredging-related industries.

Theseintensive courses have been
successfully presented in the Netherlands,
Singapore, Dubai, Argentina, Abu Dhabi,
Bahrain and Brazil. With these seminars,
IADC reflectsits commitment to education,
encouraging young people to enter the field
of dredging and improving knowledge about
dredging throughout the world.

Forwhom

The seminar has been developed for both
technical and non-technical professionalsin
dredging-relatedindustries. From students
and newcomersin the field of dredging to
higher-lever consultants, advisors at
portand harbourauthorities, offshore
companies and other organisations that
carry outdredging projects. Attendees will
gainawealth of knowledge and a better
understanding of the fascinating and vital
dredgingindustry.
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18-22 November 2024
Venue to be confirmed
Abu Dhabi, United Arab Emirates

In the classroom

Thereisno otherdredging seminar that

includes awaorkshop covering acomplete

tendering process from start to finish.

Thein-depthlectures are presented by

experienced dredging professionals fram

IADC membercompanies. Their practical

knowledge and professional expertise are

invaluable forin the classroom-based

lessons. Among the subjects covered are:

- the developmentof new ports and
maintenance of existing ports;

- projectdevelopment: from preparationto
realisation;

- descriptions of types of dredging
equipment;

- costingof projects;

- typesofdredging projects; and

- environmental aspects of dredging.

Site visit

Practical experience is priceless andit sets
aside this seminar from all others. There will
be asitevisittoadredgingyard or project
of an IADC memberto allow participantsto

Submissions for
IADC Safety Award 2024

Conceived toencourage the
development of safety skills on

the job aswell as heighten safety
awareness, the award recognises
the exceptional safety performance
of a particular project, product,
vessel, team or employee.

Two safety awards will be presentedin
2024:one toadredging organisation
and asecond to asupply chain
organisation active in the dredging
oroffshore industry. This concerns
subcontractors and suppliers of
goods and services.

Thereisnolimitto the number of
submissions thatcan be entered

and the awards are open to both
IADC members and all other dredging
contractors.

Sendinyour submissions by visiting
https://bit.ly/SafetyAward2024.



https://bit.ly/SafetyAward2024

view and experience dredging equipment
first-hand to gain betterinsightsinto the
multi-faceted field of dredging operations.

Networking
Networkingisinvaluable. A mid-week dinner

where participants, lecturers and otherdredging

employees caninteract, network,and discuss
thereal, handson world of dredging provides
anotherdimensiontothis stimulating week.

Certificate of achievement

Each participantwill receive a set of
comprehensive proceedings and at the end
of the week, a certificate of achievement
inrecognition of the completion of the
coursework. Full attendance isrequired

to attainthe certificate.

Costs

The fee forthe week-long seminaris

EUR 3,100 (out of scope EU VAT). The fee
includes all tuition, proceedings, workshops
and a special participants’dinner,but excludes
travel costs and accommodations. We can

assistyouinfinding a hotel oraccommodation.

Formore information and how toregistervisit
https://bit.ly/SemDelft2024.
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Dredging for Sustainable Infrastructure Course

24-26 September 2024
DHIA/S
Copenhagen, Denmark

How to achieve dredging projects that

fulfil primary functional requirements,
while adding value to the natural and
socio-economic systems. Thisisjust one
of the questions addressed during the
2.5-day course (organised with the support
of NMDC) that is based on the philosophy
of the book, Dredging for Sustainable
Infrastructure.

Experienced lecturers will describe the
latest thinking and approaches, explain
methodologies and techniques, and
demonstrate through engaging workshops
and case studies, how to implement the
information in practice.

Based on their availability, the lecturers
come from a group of experts that include:

Erik van Eekelen (Van Oord),

Pieter de Boer (Rijkswaterstaat/CEDA)
Marc Huygens (DEME Group),

Mark Lee (HR Wallingford)

Frederik Roose (Flemish Government)
Sina Saremi (DHI Denmark)

Thomas Vijverberg (Boskalis)

During the course, participants will learn
how toimplement the sustainability

IADC and PIANC 1-day conference

principlesinto dredging project practice,
through answers to the following questions:

« Whatistherole of dredginginthe
global drive towards more sustainable
development?

« Howcanwaterinfrastructure be designed
andimplemented in a more sustainable
andresilient way?

« Howcanthe potential positive effects of
infrastructure development be assessed

Integrating Dredging in Sustainable Development

18 October 2024
Sheraton Saigon Hotel & Towers
Ho Chi Minh City, Vietnam

Forthose working in the fast changing

world of dredging, waterborne transport
infrastructure and related industries, |IADC
and PIANC's 1-day conference is dedicated
toadvancingindustry knowledge in the arena
of sustainable dredging and related topics.

Whetheran individual orcompany aiming to
deliverdredging projects with longevity that
also maximise the benefits to society, nature
and economy, this event will be of particular
relevance. The 1-day conference “Integrating
Dredgingin Sustainable Development” will

bring essential knowledge for planners,
designers, decision makers, regulators,
contractors, project owners and
environmental advocates.

Joining this event also provides the unigue
opportunity to network with more than

B0 CEOs and seniormanagement of IADC
member companies. And all participants are
welcome to join the special pre-conference
networking drinks and dinner on Thursday 17
October2024. For more information and how
toregistervisit https://bit.ly/VietnamConf24.

and stimulated as well as compared with
potential negative effects?

» What equipment and which sediment
management options are available today?

« Abriefintroductiontothe question,
“What knowledge and tools are available
tomake sound choices and control
aproject?”

Formore information and how to register
visit https://bit.ly/IADC-events.

INTEGRATING
DREDGING

IN SUSTAINABLE
DEVELOPMENT
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