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ABSTRACT

A key part of the Tourism Development 
and Investment Company (TDIC) strategy  
to significantly increase tourist visitation to 
Abu Dhabi, United Arab Emirates (UAE),  
is the development of Saadiyat Island as  
a new multifaceted centre, including a 
large marina, a beach, a cultural district,  
a retreat, lagoons and a reserve, all of 
which require considerable dredging and 
land reclamation. 

During dredging and reclamation works, 
increased sediment levels in the water and 
high turbidity could result in deterioration 
of extensive mangrove and seagrass 
communities near reclamation areas.  
Local regulation therefore prescribed a 
threshold value, and settlement ponds  
were designed in order to comply with the 
regulation. The adequate surface area of 
the settlement ponds and the weir boxes 
enabled the control of the velocity of the 
discharge water to maximise sedimentation 
on the reclamation area. 

Prior to the dredging and reclamation 
works a baseline investigation was 
conducted to determine turbidity levels  
and the condition of the seagrass and 

mangrove communities in the areas 
adjacent to the project area. During the 
dredging and reclamation works various 
parameters were monitored to ensure 
compliance. These were combined with 
visual inspections of the mixing zone at the 
discharge channels and of the dredging 
activities. When required, the seagrass 
reference locations were also visually 
inspected. 

A dedicated monitoring programme 
allowed the implementation of some 
specific changes in the execution method 
of the reclamation activities thus optimising 
the environmental performance. A practical, 
scientifically justified working method 
allowed the project to meet the stringent 
environmental criteria for a sustainable 
Saadiyat Island development.

A similar article was first presented in  
the CEDA Dredging Days Proceedings, 
October 2008. This revised and updated 
version is printed with permission.

INTRODUCTION

A key part of the Tourism Development 
and Investment Company (TDIC) strategy  
to significantly increase tourist visitation to 
Abu Dhabi, United Arab Emirates (UAE),  
is the development of Saadiyat Island as  
a new multifaceted tourism centre.  
This includes a beach, a cultural district,  
a retreat, lagoons, a reserve and a large 
marina development, all of which requires 
considerable dredging and land reclamation.
Saadiyat Island is located 700 metres off
the coast of Abu Dhabi (Figure 1) and will 
be linked to the mainland by two major 
highway bridges.

The focus of the reclamation works at 
Saadiyat has been on the protection of 
extensive mangrove and seagrass 
communities near the reclamation areas. 
Increased sediment levels in the water and 
high turbidity could result in deterioration 
of these communities. Local regulation 
therefore prescribed a threshold value of 
10 NTU and of 33 mg/l TSS outside the 
mixing zone related to the dredging 
operations. Settlement ponds were designed 
to comply with this regulation. The adequate 
surface area of the settlement ponds and 
the weir boxes enabled the control of the 

Above: The challenge was to transform Saadiyat,  

a small island off the coast of Abu Dhabi, into both  

a cultural and ecotourist destination. Shown here,  

the reclamation works preparing land for the site of  

the Guggenheim Museum.
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A dedicated monitoring programme 
allowed the implementation of some 
specific changes in the execution method 
of the reclamation activities in order to 
optimise the environmental performance. 
A practical, scientifically justified working 
method allowed the project to meet the 
stringent environmental criteria for a 
sustainable Saadiyat Island development.

SENSITIVE AREAS

Mangrove Communities
Mangroves grow at different locations  
in the area adjacent to the project site.  
For mangrove death to occur, it is likely 
that sedimentation rates of greater than  
15 mm per year would need to occur to 
smother the aerial roots (pneumatophores) 
of the mangroves, through which the 
gaseous exchange occurs. Modelling of 
sediment accumulation as a result of 
dredging activities (DHI 2006) indicated 
that there is little risk of substantial 
sedimentation on mangroves. Except for 
those located inside the boundaries of the 
reclamation area, the impact on the habitat 
conditions of the mangrove communities 
was expected to be low. 

For the establishment of a baseline record 
of mangrove communities, three locations 
were selected as sampling stations. The 
position of these three stations is shown  
in Figure 2 with indication MN 01 – 03. 

Each station was defined by a permanent 
plastic bar firmly driven into the bottom 
(Figure 3). This material ensured the 
minimum disturbance to the plant’s roots. 
The bar was marked with plastic straps 
every 5 cm and hammered into the 
substrate until the upper 40 cm are visible. 
This allowed the measurement of changes 
in the sedimentation rate affecting the 
degree of aerial exposure of the 
pneumatophores.

-  physico-chemical parameters (dissolved 
oxygen, temperature, pH, conductivity, 
salinity);

-  hydrodynamic conditions (current velocity, 
current direction, wave height and wave 
direction);

- tidal variations;
-  meteorological conditions (temperature, 

wind velocity, wind direction, humidity, 
barometric pressure and precipitation);

-  sedimentation-erosion ratios in the 
mangrove reference locations.

These parameters were combined with 
visual inspections of the mixing zone at the 
discharge channels and of the dredging 
activities. Depending on the observed 
results the seagrass reference locations also 
had to be visually inspected. 

velocity of the discharge water to maximise 
sedimentation on the reclamation area. 

A baseline investigation was conducted 
prior to the dredging and reclamation 
works to determine turbidity levels and the 
condition of the seagrass and mangrove 
communities in the areas adjacent to the 
project area. During the dredging and 
reclamation works various parameters were 
monitored to ensure compliance:
-  turbidity levels in the vicinity of the 

discharge areas and in the agreed 
reference locations (function of tidal 
current directions, predictions of the 
hydraulic study and sensitive seagrass 
and mangrove communities);

-  amount of total suspended solids (TSS)  
in the tailwater;

Figure 1. Satellite photo of Saadiyat Island,

700 metres off the coast of Abu Dhabi 

to the north.
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and current direction. The diver swam the 
length of the line while recording the 
meadow using a digital video camera.  
In the office, these records were studied 
and coverage index was calculated as the 
percentage of the line colonised by 
seagrass. 

To be able to take into account possible 
seasonal changes or other influencing 
factors, the seagrass meadow south of 
Jazirat Bin Ghaylam has been identified as 
suitable reference community and has been 
studied using the same methodology. 

marked using an iron stick firmly driven 
into the bottom and a half submerged 
buoy attached with a short rope so they 
can be found by divers in future surveys.  
In every location, a series of pictures has 
been taken to illustrate the previous status 
of the environmentally sensitive areas. 

Seagrass bottom coverage was measured 
using the Linear Transects method: Starting 
at the marker stick, two linear transects of 
10 m long were installed using a measuring 
tape. The transects ran parallel to the shore 
in opposite ways, keeping the same depth 
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Figure 2. Location of the monitoring stations and the reference stations for mangrove (MN), seagrass (SG)

and turbidity (KL).

For every site, the pneumatophores have 
been observed at low tide and detailed 
pictures collected in order to illustrate the 
original conditions, using a frame of 1 m2 
for further comparisons (Figure 3). 
In order to establish a reference station, 
observations have also been made at a 
mangrove area in the south-eastern part 
of Jazirat Bin Ghaylam where natural 
conditions are expected to remain 
undisturbed. 

Seagrass Communities
Seagrass ecosystems have a high 
environmental value in marine habitats 
around the world. In the Persian Gulf, 
they provide food and shelter to more  
than 500 species of plants and animals  
and play a key role in maintaining the 
productivity of local fisheries. 

Three locations were selected as seagrass 
monitoring stations in order to follow their 
status and evolution along the dredging 
activities. These monitoring stations are 
shown in Figure 2 with indication of  
SG 01-03. These stations have been 

Figure 3. At the monitoring stations, 

a bar is placed in the bottom as a reference point 

and a 1-m2 square is placed around a number 

of healthy roots and plants which are counted. 

This action is repeated periodically to determine the 

evolving situation of the health of the mangroves.
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were chosen based on:
-  Proximity to the project dredging areas as 

well as sensitive communities like 
seagrass meadows or mangroves;

-  Tidal current directions: southeast during 
high tide, and northwest during low tide;

-  Areas where sedimentation and high 
sediment concentrations are predicted by 
the Hydraulic Study for the Saadiyat 
Island Project.

These six locations were monitored 2 or  
3 times a week at high tide with a 
multiparameter sensor. At each location, 
the turbidity sensor was deployed about  
2 metres below the surface and after a 
short acclimatisation (stabilisation of the 
readings), raw data was logged during 
approximately one minute to obtain a 
collection of 20 to 25 values for each point. 

of the sediment plume, which in turn 
depend on the sediment characteristics  
and hydrodynamic conditions.

The locations of significant coral 
communities have been determined by the 
2007 URS marine survey and are described 
in more detail in the Saadiyat Dredging and 
Reclamation Work EIA report. For every 
site, the corals have been observed by the 
URS marine survey and detailed pictures 
collected in order to illustrate the original 
conditions for further comparisons. 

COMPLIANCE MONITORING

Turbidity Monitoring
Figure 2 also shows the inshore turbidity 
monitoring locations. These six locations 

Coral Communities
During the February 2006 URS survey, 
scattered coral colonies were found at 
some sites within the area to be dredged, 
typically in water depths of 4-6 m below 
NADD. The genera were those which  
are considered the most tolerant to 
sedimentation and elevated turbidity levels 
(including Porites, Favia, Platygyra and 
Goniastrea species). They were found in 
association with a diversity of sponges, 
ascidians, bivalve molluscs and other 
invertebrates.

Since exclusion zones around the coral 
communities were established, the impact 
on the habitat conditions of these 
communities is expected to be low. The 
size of the exclusion zones depended on 
the dispersal and settlement characteristics 

Figure 4. Location of coral monitoring stations.
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and of 33 mg/l TSS outside of the mixing 
zone. In order to comply with these 
environmental regulations, different 
adjustments have been made during the 
course of the project, such as:
- Installation of settlement ponds
- Installation of weir boxes 
-  Expansion of the run-off systems, 

creating a larger travel time
-  Installation of scum booms and silt 

screens (600 m present on site)
- Regular maintenance.
 
The location of the different run-off 
channels and an overview of the island 
with the reclamation areas are given in 
Figure 5. 

In several cases scum booms, silt screens or 
weir boxes were installed in the run-off 
channel to prevent sedimentation outside 
of the sandfield. In addition to this, two 
large settlement ponds were constructed 
within the limits of the reclamation area, 
connecting the surrounding sandfields. 
 

AREA 2

Area 2 was reclaimed in different stages 
by a cutter suction dredger (CSD). The 

as long as turbidity plumes continued to 
impinge upon them. Since no increase in 
turbidity related to the dredging works 
around Saadiyat Island has been measured, 
there has been no need for visual 
inspections of the seagrass communities.

If declines in seagrass coverage were 
measured at the sites and found to be 
caused by the dredging work at Saadiyat 
Island, and if these were statistically 
significant when any changes at the 
reference sites are taken into account, then 
changes to the dredging works needed to 
be implemented. Changes in the mangrove 
or seagrass communities adjacent to the 
dredging works, if any, always needed to 
be linked to the condition of the mangrove 
or seagrass community at the reference 
site. During the most recent reclamation 
works, no incidents occurred and hence  
no corrective measures with respect to 
seagrass and mangroves were required.

MITIGATION MEASURES

The CEMP for the Saadiyat Island Dredging 
and Reclamation Works focused on 
protection of the sensitive communities by 
prescribing a threshold value of 10 NTU 

Turbidity levels were also monitored within 
the proposed offshore exclusion zones,  
just above the corals. Locations of the 
monitoring stations are shown in Figure 4.

These stations were monitored on a weekly 
basis with a multiparameter sensor. On each 
location, the sensor was deployed at a depth 
of about 8 m and after a short period of 
acclimatisation, raw data was logged during 
approximately 1 minute to obtain a collection 
of 20 to 25 values for each point. 

Tailwater Sampling 
The sediment concentration in the tailwater 
was monitored closely to prevent excess 
sedimentation in the sensitive area. Therefore 
every other day a water sample was taken 
at the run-off, outside of the mixing zone. 
These samples were then filtered in the field 
laboratory to determine the fraction larger 
than 0.45 µm (or the Total Suspended Solids 
fraction) and the fraction larger than 10 µm, 
as stated in the CEMP. The location of 
sampling was chosen based on tidal conditions 
and visual observations of the plume.

Visual Observations
If turbidity plumes impinged upon key 
mangrove communities, then observations 
of the pneumatophores needed to be made 
at low water on a weekly basis. If there was 
evidence of burial of the pneumatophores 
by material from the dredging works, then 
changes to the works needed to be 
implemented. 

Since the beginning of the dredging works 
weekly observations of the mangroves in the 
predefined stations have been conducted, 
although no plume near the mangrove 
stations has been measured. The method  
as described earlier under “Mangrove 
communities” was implemented to follow-up 
on sedimentation in the mangrove 
communities. During the project no changes 
have been observed. 

If the median turbidity level at any of the 
sites within the seagrass communities 
exceeded the 10 NTU threshold value, and 
a causal connection could be made with 
dredging works at Saadiyat Island, then 
seagrass densities had to be determined at 
the seagrass sites on a fortnightly basis for 

Figure 5. Location of various run-off channels, bunds and reclamation areas.



Recommendations
The flow over the pond constantly changed 
because of differences in reclamation activities 
and locations. Therefore management of the 
weir boxes and maintenance of channels 
and scum booms had to be organised very 
carefully (Figure 8). Daily observations were 
made at the run-offs combined with tailwater 
analysis and turbidity measurements. When 
turbidity plumes were regularly observed, 
the flow in the settlement pond was 
redirected to ensure larger travel times. 

During the course of the project, however, 
the settlement pond filled up with material. 
As a result of the constant flow of water 
over the pond, the material could not be 
removed and the settling capacity of the 
pond decreased. Furthermore, the 
settlement pond was part of the design  
of the island, and needed to be reclaimed 
as well. As reclamation progressed, the 
remaining area for settling decreased and 
the height of the weir boxes was no longer 
sufficient to hold enough capacity to 
ensure tailwater quality. 

Additional actions consisted of installation 
of silt screens in the run-off channel, at  
the sea-side of the weir boxes (Figure 9). 
Since water depth in the channel was 
insufficient for proper functioning of the 
screens, the screens were placed in large 
trenches. As expected the screen did not 
function and current patterns were formed 
around the screen, causing fast and turbid 
flows. Closer investigation showed that 
depth of the trenches was still not 
according to the screen requirements. 

Investigations on the installation of silt 
screens in the main channels around 
Saadiyat Island were unsatisfactory, since 
the current velocity measured exceeded  
the permitted velocity for the screen. 
Further use of silt screens therefore  
was deemed useless.

AREA 6

History
Area 6 was used as settlement pond for 
trailing suction hopper dredger (TSHD) 
reclamation areas 4, 4a, 5, 7, 8 and CSD 
reclamation areas 6 and 7. The settlement 
pond was used by four dredgers – during a 
certain period even at the same time – and 
it had at its largest, a surface of 712,400 m². 
The natural layout of the area, combined with 
synthetic bunds separated the settlement 
pond into different compartments. Two 
run-off channels were constructed, including 
weir boxes, scum booms and silt screens 
for each channel.

reclamation zone was extended to create 
a larger settling area for the run-off water 
during the last stage of reclamation.  
One of the actions to decrease turbidity  
at the run-off was the installation of a silt 
screen in the run-off channel (Figure 6).  

At a certain stage the silt screen was 
flooded and had to be pulled straight by 
excavators. After repeated flooding, the 
screen could no longer be recovered and 
was completely lost under the sediment.  
In the second phase of reclamation, the 
decision was taken not to use silt screens, 
but to install a weir box (Figure 7), 
complemented by a scum boom.
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Figure 6. Silt screen being assembled

for use in the run-off channel.

Figure 7. Outlet pipes being

fitted to weir box. 



AREA 9–10

History
Area 10 was divided into 4 panels which 
were used for stockpiling by two TSHDs. 
An additional panel was used as settlement 
pond and had a surface of 88,576 m2.  
A long channel along the N-beach of about 
800 m collected all run-off water from the 
4 panels and brought it to the settlement 
pond. The run-off channel from the 
settlement pond to sea was 1 km long.  
For 5 months a second settlement pond 
North of the 4 panels was used, which had 
at its largest a surface of 102,980 m². 

Since an extensive run-off system was 
already in use when reclamation of area 9 
started, the run-off channels from area 9 
were all rerouted to the settlement pond in 
area 10. An emergency channel was also 
installed. At all times, flow of run-off water 
at the north side of the island had to be 
prevented, since the northern beach is used 
as nesting area for sea turtles.

Weir boxes and scum booms were installed 
in all channels in the entire system. The 
final channel to sea also had rock filters 
and settling areas.

Recommendations
As the project developed, the area used  
for stockpiling increased. Depending on 
reclamation and excavation of stockpiles, 
run-off channels needed to be rerouted 
constantly. 

The main settlement pond, SP1, kept its 
location and size throughout this period, 
but after a while a second pond, SP2, 
came into use. In between the settlement 
ponds and in some smaller channels, weir 
boxes were installed to manage the water 
level throughout the area. An entire 
network of drainage channels was also 
provided.

One of the problems in this area was the 
formation of foam in the run-off channels, 
caused by finer sands and turbulent current 
patterns. Although the foam is harmless, 
the visual aspect of it caused great concern. 
Several scum booms were installed in the 
final channel to the sea. These were 
regularly cleaned.

A greater problem was the sediment plume 
visible at the outlet in sea. Since the outlet 
was located in an area of strong currents, 
material was easily resuspended. The velocity 
of the water in the channel was sometimes 
too high to ensure adequate settling, 
especially when reclaiming with two TSHDs 
at the same time. Although located at a 

Figure 8. Maintenance of

scum boom. 

Figure 9. Installation of silt

screen in WOT 8.



EMERGENCY ACTIONS

In the night of Sunday March 18 to 19, 
2007 an incident occurred in area 1, 
causing one of the bunds to break during 
the reclamation activities. Because one of 
the upper bunds was not yet completely 
closed, the water was running off to sea  
at the West of the island, flooding a 
mangrove area.

On Tuesday March 20 a visit by professor 
Youssef Tarek, specialised in mangrove 
rehabilitation, took place. Professor Tarek 
examined the area and made following 
recommendations:
-  The sediment carried with the water was 

settling in the mangrove area, covering 
plants and pneumatophores. This sediment 
needed to be removed, either manually 
or by regulated water flows for the plants 
to survive.

-  A small pool could no longer be drained, 
since it was completely closed off from the 
sea and tidal movements. A connection 
had to be made between the pool and 
the main channel.

JDN decided on removing the sediment 
manually, by hiring ten people for one 
week. Around the plants and the roots,  

ZÜBLIN RECLAMATION, AREA 3

From August 12 to 28 2007 a breakwater 
in front of area 3 was reclaimed for Züblin 
engineering contractors, as part of their 
bridge construction. Since there was no 
run-off system at hand, the area was closed 
off from the surroundings by a silt screen 
of 100 m long. Reclamation activities were 
organised based on tidal conditions, to 
prevent possible plumes from reaching the 
sensitive areas (Figure 10). 

great distance from the sensitive areas, 
action has been undertaken to increase 
settling of sediment before entering the sea. 

In the last channel to the sea, deeper areas 
have been excavated to decrease velocity  
of the water flow. Furthermore, at two 
locations large rocks have been placed  
in the water to act as a rock filter. Still,  
it seems that the settlement pond and 
adjacent weir box had greater influence on 
the appearance of turbidity plumes.
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Figure 10. Silt screen around Züblin reclamation area.

Figure 11. Ten workers were hired for a full week

to remove sand in between roots.
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of the flexibility built into the system. 
Feedback on the taken actions was 
provided by further compliance monitoring. 

The system of background monitoring, 
compliance monitoring, mitigating actions 
and feedback monitoring has proven to be 
successful. This approach allowed at the 
same time to identify and remedy site 
related environmental effects and to detect 
and report external impacts on the sensitive 
communities. Until now, during the 
remaining reclamation works, no incidents 
have occurred and hence, no corrective 
measures with respect to seagrass and 
mangroves were required.

boxes were included in a well-designed 
run-off system. Design of the run-off 
system included increasing the travel time 
and lowering the current velocity thus 
allowing the sediment in the water to 
settle. Management of the system (cleaning 
of channels, adjusting of the height of the 
weir box, and such) was primarily based on 
visual observations of the quality of the 
tailwater but monitoring results were an 
essential part in the decision-making process. 

The high frequency of monitoring allowed 
immediate assessment of possible problems. 
Quick response on negative tendency of 
measurement values was possible because 

10 cm of sand was taken away by hand 
(until the lowest leaves were visible again) 
(Figures 11 and 12). Larger parts of sand 
between the plants were dug out using 
shovels. Several channels were constructed 
to drain water and reintroduce tidal 
movements in the mangroves. The mangrove 
area continued to be visually monitored, but 
no regression in the mangrove community 
was observed. 

CONCLUSIONS

The work on Saadiyat Island continues to 
progress. A great deal of attention is being 
spent on the “cultural district”, where 
amongst other things, the Guggenheim, 
the Louvre and a Performing Arts Centre 
will be built. At this moment, for these 
three buildings new land and breakwaters 
are being created. Another important area 
of development is the “Ecopoint”, the 
farthest point on the northeastern side of 
the island, where a reserve for ecotourism 
will be established, with the mangroves as 
its basis (Figure 13).

Although the CEMP stated that the impact on 
all sensitive areas is expected to be low and 
only influenced whilst dredging or discharging 
East of Halat Khamis, an extensive monitoring 
programme has been put in place. The 
programme is constantly updated, depending 
on the monitoring results and has been 
continued throughout the entire project.  
To obtain an integral overview of the 
environmental impact different physical and 
chemical parameters, such as weather 
condition, current patterns, turbidity, water 
parameters and so on, where measured.  
None of the parameters showed impact on 
the sensitive areas. Nevertheless additional 
precautions were taken to prevent any 
unexpected environmental stress. Here as 
well an integral approach was followed: From 
start to finish, the entire water system on the 
reclamation area was taken into consideration.

Turbidity measurements and tailwater 
analysis showed good results when weir 

Figure 13. The mangroves near the site that will become 

the future Ecopoint, a reserve for ecotourism.

Figure 12. Removal of the sand around plants and roots was done by hand.


