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ENVIRONMENTAL MONITORING FOR THE
RECONSTRUCTION OF VILUFUSHI, MALDIVES
ABSTRACT

INTRODUCTION

Vilufushi is one of over a thousand small
coral islands that comprise the Maldives.
It is one of the 200 of these islands
inhabited by people. When it was struck
on December 26 2004 by a devastating
tsunami, most of the island was destroyed
and its surviving inhabitants were
evacuated to a neighbouring island.

The Republic of Maldives consists of 1,190
small coral islands grouped into 26 atolls,
with only 200 islands inhabited by people
(Figure 1). On 26th of December 2004,
a tsunami wave originating from Indonesian
waters struck the Maldives. This was the
worst natural disaster the island nation had
experienced in recent history, and it had
major economic, social and environmental
impacts. Of the 200 inhabited islands,
13 were totally destroyed and 56 suffered
major damage, including the island of
Vilufushi in Thaa Atoll (Figure 2). Houses and
infrastructure sustained so much damage,
that all surviving residents had to be
evacuated to the neighbouring island of
Buruni, west of Vilufushi (Figure 3).

The government of the Maldives decided
to reconstruct Vilufushi, while at the same
time greatly increasing the land area of
the island. This required considerable
land reclamation expertise as well as
environmental management in order to
preserve the very rich marine biodiversity
of the area which includes more than
250 coral species, 1200 reef fish species
and 5000 other species of fish.
In view of the environmental values on
the reef and in particular on the live coral
at the reefs edges, all construction works
were closely followed by an extensive
environmental monitoring programme
and various mitigating measures were
employed to limit damage to the
environment. Early in 2008 the temporarily
evacuated residents will return home.

The government of the Maldives decided
to recontruct the entire island, whereby
the island’s size would be increased
considerably through landfilling of the
shallow reef. Boskalis International was
contracted to undertake this work.

Above, View of the dredging activities at Vilufushi,
with the cutter suction dredger Ursa at work pumping
sand directly the area to be filled.

After studying several alternatives, a plan
to dredge coral sand from an area of the
northern reef edge of Vilufushi utilizing a
medium-sized cutter suction dredger and
pump it directly into the area to be filled
was determined to be the most attractive.
The scope of the reconstruction included:
• Removal of all debris;
• Dredging and reclamation of 1,000,000
cubic metre of coral sand from the reef
to increase the surface and raise the
height of the island;
• Construction of a 2000 metre revetment
in rock around the island for protection
against floods and waves;
• Dredging of a new harbour to 3 metres
below mean sea level;
• Construction of a 350 metre quay-wall,
using pre-cast concrete elements;
• Construction of a 350 metre harbour
breakwater to protect against wave
penetration.
The Maldives have a very rich marine
biodiversity which requires safeguarding
through special measures in particular
during dredging and reclamation activities.
The goal of the monitoring programme
was to signal changes in environmental
parameters that could have adverse
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environmental impact. The parameters
measured included turbidity, dissolved
oxygen, sedimentation, nutrients, soil
salinity and groundwater quality.

REBUILDING VILUFUSHI
The dredging and reclamation activities
began in May 2006 when the Ursa, one of
the largest CSD dredgers in the Boskalis
fleet, was mobilized. She was the only ship
used and stayed for 5 weeks. As the
Vilufushi project included the dredging
and reclamation of some 1,000,000 cubic
metres of coral sand at a location far away
from the usual sources of logistic support,
there were various advantages of employing
the Ursa. Firstly, she is a self-propelled, seagoing cutter suction dredger and thus able
to sail to the project site without any
support vessels. Secondly accommodation
facilities are available onboard, making her
ideal for isolated locations. Thirdly, the
deck-cranes are suitable for loading and
offloading barges with containers and
pipelines. The dredging and reclamation of
the coral sand was finished in 5 weeks.
Ultimately the new reclamation would
almost triple the surface of the island from

16 ha to 62 ha, raising the existing island
level to 1.4 m above mean sea level, with
the top level of the revetment reached to
2.4 m above mean sea level. Such extensive
dredging and reclamation works could have
had an adverse effect on the coral reefs
and seagrass meadows.
To ensure that these adverse effects
were minimal, an extensive environmental
monitoring plan was needed. This
environmental monitoring plan covered
the following activities:
• Measuring turbidity, suspended solids
concentrations (SSC) and dissolved
oxygen levels in the water at 8 coral reef
locations;
• Monitoring sedimentation at 8 coral reef
locations;
• Monitoring sedimentation rates at two
seagrass locations;
• Monitoring for signs of erosion between
Vilufushi and Hodelifushi islands;
• Monitoring soil salinity at 2 locations
on the island on the reclamation area;
• Monitoring groundwater quality at
2 locations on the old Vilufushi island;
• Gathering information from the local
population during the project;
• Reporting the results of the environmental monitoring programme.

Figure 2. Vilufushi in April 2004 before the disastrous tsunami struck in December of that year.

The Maldives

Figure 1. Location map of the Maldives
showing the site of Vilufushi.

Monitoring took place before, during and
after the dredging and reclamation works.
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Figure 3. After the tsunami struck, the surviving population was evacuated to the nearby island of Buruni. Left, an aerial overview;
right, close-up of the devastation.

ENVIRONMENTAL CONTROL
MEASURES DURING DREDGING
The dredging works were completely
integrated with the environmental measures
to reduce the release of suspended solids

into the ocean and onto the coral. The first
of these environmental controls was to start
dredging and reclamation works after the
bunds around the reclamation area were
completed and the reclamation area was
closed off from the ocean (May 29, 2006).

By doing this, the run-off water from the
reclamation was released to the ocean in
only one location, thereby concentrating
the potential source of suspended solids.
The reclamation area was divided into
four compartments which were filled, starting
with the first one on the northern side of
the island. At the same time, a stockpile was
created in compartment 4 (southwestern
side of the island) to allow salt to be
washed from the sand before it was spread
out over the original island (Figure 4).
The second environmental control was to allow
the run-off water to flow through the entire
reclamation area (the four compartments)
before being discharged to the ocean.
This allowed for suspended solids to settle
as much as possible, thus reducing the
amount of suspended solids released into
the ocean (Figure 5).
The third environmental control was to
place the discharge point of the reclamation

Figure 4. Aerial view of dredging. The bunds
surrounding the reclamation area and the four
compartments to be filled are visible.
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Figure 5. Reclamation area layout with surrounding bund and compartments and the sequence in which the
compartments of the reclamation area were filled.

area in the old, unused harbour, using it as
a final settling basin before the run-off
water reached the ocean. The fourth
environmental control was to deploy a silt
screen, which was placed in the old
harbour around the discharge point of
the reclamation area (Figure 6).

harbour basin, allowing the run-off water
to travel through the still open part of
compartment 4, basically turning the flow
direction around compared to the way it
had been flowing during the filling of
compartments 1-3.

measured include turbidity, dissolved
oxygen, sedimentation, nutrients, soil
salinity and groundwater quality.
An overview of the parameters measured,
their locations and frequencies are
indicated in Table I. The locations of the
measurement sites are given in Figure 7.

When compartment 1 and the stockpile were
completed, compartments 2 and 3 were
filled, still allowing the run-off water to travel
all the way around the island before being
discharged into the old harbour basin. This
process ensured that as much suspended
solids as possible were allowed to settle inside
the reclamation areas; the run-off water
being discharged into the old harbour basin,
and from there into the ocean, was clean.

MONITORING PROGRAMME

Water quality

The main goal of the monitoring programme
was to signal changes in environmental
parameters that may lead to environmental
impacts or changes that show improvement
in environmental conditions. Parameters

The aim of the water quality monitoring
was to provide early detection of increased
turbidity, allowing for dredging and reclamation activities to be modified preventing
a serious increase in sedimentation. Water
quality monitoring was also done to detect

When compartment 4 was filled to
approximately 50%, the outlet was moved
from the old harbour basin and was placed
in the southwestern bund. Material was
pumped directly from the north into the

Figure 6. Silt screen deployed in the old harbour
basin around the discharge point, with
monitoring vessel in the center of photo.
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possible changes in Dissolved Oxygen (DO)
levels, which might be caused by dredging
of sediments rich in organic material, and
which could have an adverse effect on coral
and other living organisms in the water.
The following parameters were measured
in-situ at monitoring locations 1-8 in
accordance with the Environmental Impact
Assessment (EIA) requirements:
• Dissolved Oxygen (DO, % saturation)
• Dissolved Oxygen (DO, mg/l)
• Temperature (ºC)
• Turbidity (NTU)
• Water depth (m).

Table I. Parameters measured and their locations and frequencies.
		 Parameters		
Frequency
A. Water quality
Turbidity
Daily, twice a week
			
Depth, DO, Temperature Daily, twice a week
B. Sedimentation		
Fortnightly
C. Coral reef survey		Monthly
D. Nutrients		
Weekly
E. Soil Salinity		
Twice
F.	Groundwater		
Twice
	G. Erosion monitoring		
After works finish

During the dredging and reclamation
activities, suspended solids samples were
taken in conjunction with turbidity readings to
establish the relationship between turbidity
and suspended solids. Within this relationship,
turbidity readings were “translated” into
suspended solids concentrations which could
be compared to the maximum allowed value
of 50 mg/l. For the other parameters, no
maximum (or in some cases minimum) limits
were set. The main purpose of monitoring
these parameters was to detect trends,
since it was expected that none of these
parameters would show significant changes.

Sedimentation rate monitoring
Monitoring of sedimentation rate was
done by means of placing and collecting
sediment traps and visual inspection of the
corals and this work was carried out by
divers. With regard to sedimentation rate
monitoring by use of sediment traps, some
of the locations chosen (i.e. those in the
seagrass meadows) were rather shallow
with water depths of around 0.5 m at low
tide. This may have affected the accuracy
of the measurements.
Sediment traps are designed to catch
material that is settling from the water
column and keep this material from
re-suspending and flowing out of the trap.
In this way, an indication is given of the
sedimentation taking place over a certain
period of time. This method does not take
into account that material can be washed
away from the seabed by local currents
and therefore gives an over-estimation
of the actual amount of sediment covering

Figure 7. Monitoring locations around Vilufushi Island.

the seabed and organisms living on it
(i.e. seagrass and coral). Normally, sediment
traps are hung from a buoy by a cable,
and attached to an anchor or anchoring
weight at the seabed (Figure 8).
Sediment traps were placed at locations 9
and 10 by attaching them to poles that
were anchored in the seabed. Four more
sediment traps were placed at locations 1,
3, 6 and 8. The traps at locations 9 and 10
were retrieved weekly; the traps at
locations 1, 3, 6 and 8 were retrieved
fortnightly by divers (see Figure 7).

Figure 8. Sediment traps which are usually
hung from a buoy by a cable.

Locations
1-8
1-8
1, 3, 6, 8, 9, 10
1-8
9, 10
13, 14
15, 16
10, 11
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Figure 9. Protecting the health of coral and other
marine life in the surroundings of Vilufushi was one
of the most important aspects of the monitoring
programme.

Figure 10. This Dhoni, a local type of boat, was specially outfitted as a monitoring vessel.

The collected samples were analysed
in the laboratory on Vilufushi.
The maximum value for sedimentation
on corals is 0.1 kg/m2/day. For the
seagrass no more than 5 cm within
2 months is acceptable. When a
sedimentation rate of 0.08 kg/m2/day is
measured, dredging and reclamation
operations will be warned.

Sedimentation on corals
Coral health is assessed by looking for signs
of sediment deposits on the corals and by
estimating the percentage live coral along a
transect. These assessments were carried
out once before dredging and reclamation
started, monthly during dredging and
reclamation activities and once after
dredging and reclamation activities were
completed.

At each of the monitoring locations 1 to 8,
divers photographed transects at 10 m depth
(Figure 9). They also recorded observations
they made regarding coral health. On shore,
the photographs were analysed and a
percentage of live coral coverage was
calculated for each transect. Together with
the observations made by the divers, this
gave an indication of coral health.

Nutrients
Water samples were taken once a week,
simultaneously with the collection of the
sedimentation traps, at locations 9 and 10.
These samples were sent to a lab in Malé,
where they were analysed for Nitrogen and
Phosphorus content according to standard
procedures. For nutrients, no maximum
limit was set. The main purpose of
monitoring nutrients was to detect trends,
since it was expected that these parameters
would show no significant changes.

Figure 11. The extensive
monitoring equipment on
board the Dhoni.
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Figure 12. The YSI 6600 multi-parameter
sensor measured turbidity, temperature,
Dissolved Oxygen and water depth in
accordance with the Environmental
Impact Assessment.

Soil salinity
Soil salinity was monitored every month at
locations 13 (reclamation) and 14 (stockpile)
during the construction period was ceased
when the stockpiles were removed. Sampling
started approximately one week after the
start of reclamation works. Samples were
taken at the surface and at 0.5 m depth in
the stockpiles, and were analysed in the lab
on Vilufushi using a HACH Digital Titrator.
No maximum values were defined for soil
salinity. It was monitored to determine the
current state and over time it was expected
that improvements could be seen. There
were no actions that could be taken to
improve soil salinity.

No maximum values were defined for
groundwater quality. It was monitored
to determine the current state and over
time it was expected that improvements
could be seen.

Erosion monitoring
To monitor erosion between Vilufushi and
Hodelifushi Islands and at the borrow area
after dredging and reclamation works were
completed, visual inspections were and
will be done periodically to detect changes.
At a later stage these observations will be
done by the local community.

MONITORING PREPARATION
Groundwater quality
Groundwater quality was monitored once
a month at 2 wells (monitoring locations 15
and 16 in Figure 7) during the construction
period up to December 31, 2006. Samples
are collected and sent to the lab in Malé
for analyses. The following parameters are
determined:
•
•
•
•
•
•
•
•
•
•
•

pH
Total Dissolved Solids
Turbidity
Conductivity
Salinity
Chloride
Copper
Iron
Boron
Fluoride
Total Coliforms

•
•
•
•
•
•
•
•
•
•

Nitrate
Nitrite
Ammonia
Hydrogen Sulfide
Calcium Hardness
Total Hardness
Iodine
Manganese
Chromium
Bromine

A Dhoni, a local type boat (Figures 10 and 11),
was equipped with the following:
• Y
 SI 6600 multi-parameter sensor for
measuring turbidity, temperature, DO,
water depth (Figure 12)
• Echo sounder for measuring depth
• Navigation: GPS, gyro, computer with
survey maps
• Pump and hose used to collect
suspended-sediment concentration (SSC)
samples.
The vessel was used to take readings and
samples at the coral reef survey locations
1-8 as specified in the monitoring plan.
The vessel was also used for the coral
reef surveys and sediment trap collection.

In the offices on Vilufushi, a small
laboratory was installed so tests for SSC
analyses, sedimentation analyses and soil
salinity could be done. The testing for
nutrients and of groundwater was done by
the Male’ Water and Sewage Company
(MWSC) who provide all of Male’ with
drinking water, test the sewage and test
the drinking water of all the resorts and
islands in the Maldives.

DATA
Turbidity levels stayed low at most locations.
The following two graphs (Figures 13 and
14) show turbidity (red) and temperature
(blue) measured at two locations (one
location per graph) on one day over the
entire water column from surface to 1 m
above seabed. Depth is indicated in metres.
At location 8, some elevation near the
seabed was seen as indicated in Figure 14.
The following four graphs (Figures 15, 16,
17 and 18) show the turbidity levels that
were measured over the duration of the
dredging and reclamation activities at
locations 3, 5, 6 and 7. The bright blue
diamond-shaped markers show the
average turbidity levels measured at
1m below the water surface, the purple
square markers show the average turbidity
levels measured at mid-water depth, and
the green triangular markers show the
average turbidity levels measured near the
seabed. The dark blue line shows the First
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Figure 19. Vilufushi restoration almost
completed. The new reclamation has
almost tripled the surface of the island.

- C
 oral health was measured once near
the end of the dredging and reclamation
works and once approximately 1 month
after the end of the dredging and
reclamation works.
After August 1 2006, the monitoring of
erosion, soil salinity, groundwater quality,
borrow area re-colonisation and any other
programmes which needed to be continued
beyond the time frame indicated above,
is incorporated into the Maldives general
monitoring programme and will be executed
on a yearly basis by the responsible
Maldivian government services.

CONCLUSIONS
After being devastated by the tsunami,
the reconstruction of Vilufushi island in
Thaa Atoll was urgent both for social and
economic reasons. However, it was essential
to approach the reconstruction and
enlargement of the island taking into
consideration predictions about future sea
level rise and population growth, as well as
immediate environmental issues relating to
the coral reefs. Various alternatives for
dredging one million m3 of sand fill required
for the reconstruction were examined.
The plan to dredge coral sand from an area
of the northern reef edge of Vilufushi by
medium sized cutter suction dredger and
pump it directly into the area to be filled
was determined to be the most attractive.

Figure 20. The finishing touches: Dredging
and reclamation was completed in 5 weeks
using only this one cutter suction dredger.

During the dredging and reclamation
activities, strict guidelines were followed to
minimize suspended sediments escaping
from the working areas and mitigating
measures such as protective bunds on the
reef and/or suspension basin(s) in the
reclamation area were employed when
necessary. Monitoring was an important
element in ensuring that the project was
completed on time, within budget and
within the environmental requirements.
Damage to the precious coral on the reef
edge was minimal as a result of the extensive
mitigation measures and the continuous
monitoring of all relevant parameters.

The dredging and reclamation of the coral
sand was finished in 5 weeks (Figures 19
and 20). With the new reclamation, the
surface of the island increased from 16 ha
to 62 ha and the existing island level was
raised to 1.4 m above mean sea level and
the top level of the revetment reached to
2.4 m above mean sea level. In February
2007 the “new” enlarged island was ready
and handed over for the start of building
homes for the residents. The Red Cross is
financing the rebuilding of housing, and
the return of the temporarily evacuated
residents of Vilufushi to their islands is
planned for sometime in early 2008.

