


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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environmental engineer for Van Oord and
served as environmental manager for the Addu
City dredging and reclamation project focusing
on topicsincluding turbidity management
ofdredging works and implementation of
ecological activities, etc.

Afifa K. Shanavas

Afifais adedicated environmental engineer
and holds amaster's degree in environmental

engineering and a bachelorsin civil engineering.

Her professional journey spans over B years,
prominently with Van Oord in dredging and
reclamation, and oil and gas projects. Afifa's
passionliesin successfully incorporating
environmental sustainability on the projects

thatsheisinvolvedinand completing projects
with minimal environmental and social impact.

Erik van Eekelen

Erik graduatedin 2007 withan MSc in
environmental fluid mechanics on near-field
behaviour of overflow plumes from Delft
University of Technology in the Netherlands.
Since then, he has worked for Van Oord

as anenvironmental engineer on topics,
such as Building with Nature, stakeholder
engagement, protection of marine fauna and
turbidity monitoring and management. Erik
was an MT member of EcoShape’s Building
with Nature 2 (BwN2) programme and since
January 2023 isdirectorofthe new BwN3
programme. Erikis also course lead for

the IADC/CEDA Dredging for Sustainable
Infrastructure course.

Marlies van Miltenburg

Marlies holds an MScin environmental

fluid mechanics from Delft University of
Technology (2017) and joined Van Oord's
environmental engineering team afterwards.
Notably, she led sediment spillmanagement
forthe Fehmarnbelt tunnel dredging project
in Denmark, implementing a state-of-the-
art spillcontroland monitoring programme.

Herexpertise includes ESG due diligence,
ESIA guidance and turbidity monitoring and
management. Marlies currently coordinates
environmental dredging related requests
within Van Oord.
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