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EDITORIAL

As we prepare to attend the World Dredging Congress, WODCON at the 
end of September in Hamburg, Germany, we cannot help but be aware of the 
far-reaching effects of dredging, the growing public awareness of our activities, 
and the essential role dredging plays in economic prosperity and sustainable 
development. Dredging projects, be they capital, remedial or maintenance, 
are very often international in nature, and exemplify the best of public-private
partnerships. 

Because rivers flow into oceans and oceans know no boundaries, the policies 
of nations are destined to impact each other. For that reason it is fitting that the
17th WODCON brings together the three sister organisations of WODA: 
CEDA (this year’s host), WEDA and EADA. It is also fitting that the theme 
of the conference is “Dredging in a Sensitive Environment” and that special
emphasis is being given to the Environment Day programme. In addition, 
WODCON is taking place in conjunction with SMM 2004 Shipbuilding, 
Machinery & Marine Technology International Trade Fair, which provides a
fertile background for all of us in the dredging industry.

So too do the articles in this issue of Terra reflect this international view. 
The developments around the port of Hamburg and the remediation of the 
River Elbe (page 3) bear witness to the influence of international events, in this
case the reunification of Germany, and of international cooperation. The same is
true of the other two projects described in this issue — Penny’s Bay in Hong Kong
and Palm Island in Dubai, UAE — both major capital investments which required
full cooperation of governmental agencies and private contractors. 

This issue has also launched a new feature. Called “TechNotes”, it answers a
request from readers (and writers) for a place to share some of their shorter
papers. Please feel free to submit your offerings to our editor.

Dredging once meant cleaning up your own backyard, or canal, as the case may
be; nowadays it means paying close attention to the international playing field with
its rules and regulations. The private dredging industry is fully committed to doing
its share to support this global reality, whilst continuing to cater to tomorrow’s
needs — for the transportation of goods, living space in coastal areas, and energy
resources.  

Robert van Gelder
President, IADC Board of Directors



Abstract

The history of the port of Hamburg goes back more
than 800 years. The port has been dredged for
hundreds of years so as to maintain water depths for
the passage of ships. Traditionally, the dredged material
has been brought on land where it was put to use for
land reclamation or in agriculture.
The port of Hamburg is situated at the upper end of 
the estuary of the River Elbe. The contamination of the
sediments from the Elbe was only noted around 
25 years ago. The causes of this contamination lie
predominantly in the former East Block nations. As a
result, until the turn of political events in 1989, it was
virtually impossible for Hamburg to bring about an end
to the discharges that were causing contamination.
It was against this background that a highly technical
dredged material management concept was developed
and realised. The central elements of the land-based
treatment of the Hamburg dredged material
management concept are the treatment and dewatering
of the dredged material in dewatering fields and in the
METHA treatment plant (MEchanical Treatment and
Dewatering of HArbour-sediments). The resulting sand,
as well as suitable fine grain silt, can be put to beneficial
use, while the contaminated silt is being safely deposited
in special disposal mounds. Since the political transfor-
mation, there has been a very noticeable reduction of
the contamination of the Elbe. Today the major portion
of the dredged material generated by maintenance
works is relocated into the Elbe.

Twenty-five years ago public discussion contributed to
initiatives for the development of the dredged material
management concept. Today, the legal requirements of
the European Community often constitute a tight frame-
work. The Water Framework Directive can provide
guidelines for solving the remaining problems of conta-
mination. In the future, however, the proper handling of
dredged material will require efforts on the part of
those who are responsible for ports and waterways. 

Introduction

The port of Hamburg is the largest port in Germany and
one of the ten largest in the world. The port is situated
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inland on the River Elbe some 100 km from the North
Sea. The tidal current has a strong influence on this
region. Continual intervention in the river has been
necessary to make ship traffic possible and to maintain
an adequate fairway depth. A known ordinance dating
back to about 1530 prohibited the digging of sand at
certain locations and the depositing of debris and other
materials. There was also a control commission for the
purpose of monitoring it. In 1834 Hamburg purchased
the first bucket ladder dredger from England (Figure 1). 
The fairway depth in 1860 was approximately 4.50 m;
today it is roughly 14.50 m.

The need for dredging measures has been a
consequence of the natural sedimentation and the
increasingly shallower depths it produced. Nowadays,
roughly 3 to 4 million m3 of Elbe sediments are 
dredged year in and year out. To deal with it over the
course of time an equipment and operating system
specially matched to the port of Hamburg was
developed and constantly adapted to the port’s
technical, economic and ecological requirements.

Until the 1950s and 1960s, the port’s development
was extensively influenced by technology. About 
25 years ago however new demands came to the fore.
As a result of various investigations, the considerable
burden imposed on the Elbe and its sediments by
contaminants became known in the 1970s. The first
extensive investigation in the port with respect to
contaminants in the sediments took place in 1978-1979. 

The greater part of the river basin of the Elbe lies in the
Czech Republic or in the former German Democratic
Republic. Ore mining went on in this region for
hundreds of years. Important industrial centres of these
former East Block nations are situated in the river basin.
There was little or no industrial and municipal waste-
water purification and refuse was partially “disposed of”
directly into the water bodies. The “Iron Curtain”, how-
ever, prevented any direct observation of this situation.
Only the immense contaminant loads on the German-
German border could be measured, and taking real
action towards remediation was simply prohibited. 

The development of the Hamburg dredged material
management concept must be seen in light of this
background. In 1981, the federal state government of
Hamburg passed a dredged material investigation
programme for the purpose of ascertaining feasible
solutions for the utilisation and disposal of dredged
material and the causes of the sedimentation and of the
contamination, and finally to seek new disposal sites. 

As in other ports and countries, they found themselves
on new ground. It was quickly recognised that the
solution lay in a safe disposal of the contaminated silt.
As, apart from the sand and water, these represented
only a part of the dredged material, prior separation and
dewatering would be required. Available flushing fields
were converted to accomplish this over the short term.
Moreover, at the beginning of the 1990s a technical
treatment system was developed, which was realised
as the industrial METHA plant facility. The contamina-
ted silt has been disposed of in two silt mounds built
especially for this. Parallel to this action was the
constant search for feasible means of putting the silt to
beneficial use. 

The political changes in Eastern Europe that came with
the opening of the internal German border in 1989
were completely unexpected but had significant
impacts on the Elbe. Because of measures undertaken
following the political transformation, as well as the
disappearance of entire sectors of industry, midway
through the 1990s the condition of the Elbe was
already clearly improved. The result was decreasing
contamination of the dredged material in the port of
Hamburg. Since 1994, large-scale tests on the
relocation of dredged material in the Elbe below the
port of Hamburg have been conducted, accompanied
by comprehensive investigations.

Today the Hamburg dredged material management
concept stands on several pillars. The open water
disposal in the Elbe has developed as the most
important. Contaminated dredged material is, 
as previously, treated on land in the METHA plant and
the dewatering fields. Contaminated silt is deposited in
the two Hamburg silt mounds. Part of the silt is utilised
as sealing material. No feasible, large-scale, external
beneficial use has as of yet been found. Potential
applications for the utilisation of small amounts are
however also under study and, when practicable, 
are also being put into operation.

DREDGING AND SURVEYING

The basic prerequisite for dredgers to work on the
securing of fairway depths is the regular hydrographic
measurement (echo-sounding) of the riverbed. 
The Department of Port and River Engineering of
Hamburg employs four echo-sounding ships with 
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Figure 1. Steam dredger, 1877.



space is available. These trailing suction hopper 
dredgers have capacities from around 2,000 to 
3,000 cubic metres. They transport their cargo to 
their respective destinations (Figure 2).

In the case of open water disposal, the hopper capacity
can again be discharged into the river. If the dredged
material is treated on land, the hopper dredger is coupled
to a pipeline and the material is pumped by dedicated
on-board pumps directly into the dewatering fields or
buffer storage. Thus hardly any water needs to be added.

A part of the dredging works in the harbour is executed
with the port’s own equipment. A grab dredger is used
for small-scale dredging, in tight harbour sections or in
the vicinity of quay walls. In addition, two bucket-ladder
dredgers are operational. Barges transport the dredged
material into the Finkenwerder Vorhafen where it is
unloaded with dredging pumps. The annual dredging
capacity of the dedicated dredger fleet is roughly 1.0 to
1.2 million m3. 

Since 1987, dredged material has been relocated using
water injection dredging devices of contracted private
companies. With injection dredging, a pipe is moved
over the ground crosswise to the direction of travel.
Large volumes of water are chased into the sedimenta-
tions on the riverbed by nozzles lined up closely to one
another. A sediment-water mixture results, that is
heavier and thicker than the water of the Elbe and
therefore flows into the deeper parts of the water.
Today injection dredging is predominantly used for 
the levelling of riverbeds following the use of hopper
dredgers and for the local flattening-out of shoals. 

For controlling the operations and quality of the hopper
dredging work in Hamburg. a special remote monitor-
ing system has been developed by the staff of the

ultra-modern equipment throughout the year to
constantly monitor the water depth. The Deepen-
schriewer IV is used only in shallow waters, small
canals and harbour basins. The Deepenschriewer I
takes soundings in the medium sized harbour areas with
a fan echo-sounding system. The other echo-sounding
ships likewise have an on-board sounding system for
planar detection. All the vessels are capable producing
an initial result on-board immediately following the
echo-sounding and delivering it to the user. 

A sounding programme establishes how often what
port and river areas are to be sounded. A water surface
area in excess of 110 square kilometres is surveyed
annually by means of programmed echo-soundings. 
For comparison: The entire water surface of the Hamburg
port area encompasses about 30 square kilometres. 

The most modern measurement electronics and
computer technology are employed on board the four
sounding ships. The position measurement is done
either from land or via satellite with an RTK-DGPS
positioning system. The respective current water level
is measured by means of a radio water depth probe.
Timely sounding data within an adequate scope are
indispensable for the safety and competitiveness of the
port of Hamburg. The voluminous measurement data
of the sounding ship are transmitted to the complex
HydroCAD (Hydro = Water, CAD = computer aided
design) evaluation system. There the data are prepared,
examined, processed and evaluated, before being sent
on to the various users. 

Nowadays, hopper dredgers of private companies 
do the majority of the dredging works in the port of
Hamburg. For several years now hopper dredgers
specially equipped for the dredging of silt sediment
have been used wherever adequate manoeuvring
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Figure 2. Hopper dredger in front of the port of Hamburg (source: Nordsee Nassbagger- und Tiefbau GmbH). 



department itself. All necessary information is recorded
and evaluated electronically. The data pool of the
hopper dredger like “dredging” or “unloading”, “actual
dredging depths”, “position”, “load condition”, “tide
gauge level” and so forth is passed by mobile radio 
to the desk of the customer. In combination with the
general aspects of the contract like “dredging area”,
“intended depths of dredging”, it is possible to

calculate on-line if everything is running well. 
Manpower-intensive and cost-intensive on-board
monitoring is thus avoided (Figures 3 and 4).

OPEN WATER DISPOSAL

Consideration of open water disposal was abandoned
in the 1980s, because at the time the contamination of
the Elbe sediments was high. Since the Elbe has 
become cleaner, open water disposal of sediments,
which is the most common process worldwide, 
is now utilised in Hamburg as well. This process 
is more economical than disposal on land and is 
ecologically sound, as the extensive natural 
sedimentary equilibrium is disturbed as little as 
possible. The fine material that is also important for 
the formation of tidal flats remains in the river. 

The port of Hamburg is situated at the upper end of 
the estuary of the Elbe. At the lower end of the harbour
there is a turbidity zone in the Elbe with a very high
content of suspended matter. The open disposal site
for the dredged material is the Elbe north of Neßsand
Island. In this spot, great water depths, a high velocity
flow, and a strong turbidity owing to the natural
turbulence of the suspended matter influence the river.
The riverbed exhibits a ripple formation that is
constantly altered by the tidal effect (Figure 5). 

In the mid-1990s, open water disposal in the river was
evaluated in large-scale tests over several years; these
were followed up by extensive investigations. 
The dredged material was first removed with bucket-
ladder dredgers and subsequently transported in 
split-hull barges. These days, for the most part hopper
dredgers are being used owing to their suitability and
economy.

In this region of the Elbe low oxygen concentration
occurs in the river in the warm season and fish 
breeding grounds are located in the vicinity. Thus,
measurements of the expansion of the disposed
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Figure 3. On-line documentation of the hopper course: 

The red line delimits the dredging field. 

Figure 4. On-board computer for remote monitoring of the

hopper dredger.

Figure 5. Natural clouds of suspended matter the Lower Elbe.



an open water disposal, are the dredged material
recommendations of the German states bordering the
Elbe River. Up to now the actual biological and hydrolo-
gical conditions in summer in parts of the Lower Elbe
has led to low oxygen concentrations in the water 
from time to time. At the same time the greatest
appearance of young fish occurs from June to August.
For these reasons there is basically no open water
disposal in the period from April to August. 

Through the process that has been adapted and the
selection of a suitable open disposal site, the effects on
the water quality, the benthos (that is the clinging and
moving organisms living at the bottom of the river) and
the fish have been minimised or averted.

DREDGED MATERIAL TREATMENT

METHA technology
One of the most important conclusions to come out of
the dredged material investigation programme of the
early 1980s was that heavy metal and organic contami-
nant content in the dredged material essentially depend
on the grain size distribution. The higher the organic
constituent in the sediment and the smaller the particle
is, the higher the contamination. Considering the actual
grain size distribution and the contamination of the Elbe
sediments, separation into various fractions is a sensible
approach for the continued handling of dredged
material. Following the first positive laboratory and
technical scale experiments, an initial pilot project was
commenced in 1984, with the objective of demonstra-
ting the applicability of the preceding experiments on
the technical scale. It was followed in 1987 by the

materials in the water head and the drifting caused 
by the current (tidal effect), as well as the oxygen
consumption and the effects on the local biology receive
particular emphasis. Accordingly, various disposal
techniques and sites, referenced on the cross-section
of the river, have also been investigated.

These investigations showed that relocated solid
matter was very quickly reincorporated into the stream
of solid matter of the Lower Elbe and within a short
time could no longer be distinguished from the other
suspended matter or sediments. The fine-grained
dredged material was barely deposited at the disposal
site, but rather quickly became mixed with the naturally
available suspended matter, becoming increasingly
widely dispersed as a function of the tide (Figure 6).

Small amounts of dredged material are again transported
upstream by the high tide. The renewed depositing of
suspended matter in nearby harbour basins can be
reduced through suitable disposal strategies. In so
doing, the tidal phase, the amount and density of the
dredged material, and the location of the open disposal
site are to be taken into account. This also makes it
possible to prevent the influx of the dredged material
into the adjacent shallow water of the Mühlenberger
Loch.

As a result of the investigations, a handling concept
was agreed upon between the port and environmental
administrations. Under this agreement the framework
conditions for the open water disposal of dredged
material from the port of Hamburg was established.
The basis for the evaluation, as to whether the
contaminant content in the dredged material permits

Dredged Material Management in Hamburg
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Figure 6. ADCP-Plot of open water disposal process.



METHA II pilot plant. This enabled optimisation of the
process, the development of measurement, control
and regulation equipment and the conducting of
operating tests (Figure 7).

METHA has been in industrial operation since March
1993. It has an annual throughput of approximately
550,000 tons of dry substance corresponding to a profile
volume of 1,000,000 m3 for a silt/sand ratio of 50/50 %.
The overall investment including the technical equipment
of the required above and underground construction
came to roughly € 70 million. The operation of the
METHA plant requires 96 employees. The operating
costs have been approximately € 17 million per year,
including personnel costs, depreciation and interest
charges. 

For a reliable handling, the METHA treatment 
technique is based on a two-step separation at 63 µm
and 20 µm using hydrocyclones, upstream current
classifiers and spirals. The products of separation 
sand, fine sand and silt are dewatered by an aligned
technology for each type of the products.

From the hopper dredgers or barges the water/ dredged
material mixture is pumped into a 300,000 m3 storage
basin. In the beginning of the METHA process a drum
sieve separates out all particles that are larger than a
centimetre, such as stones and debris. In hydrocyclones
the fine-grained silt (< 63 µm) moves upwards under
centrifugal forces, and the coarser-grained sand 
downwards. The sand, with a residual silt fraction, now
passes to the upcurrent sorter, the following separation
unit. As silt is lighter than sand it distributes itself in the
upcurrent water that flows upwards. Together with the
silt from the hydrocyclones it then passes on to the
thickening step. The sand from the upcurrent sorter is
dewatered by means of a dewatering sieve.

The silt fraction of the first separation unit is passed to
smaller hydrocyclones where the silt and fine sand
(particle size > 20 µm) are separated from each other
by centrifugal force. The residual organic components
such as coal particles and plant residues are separated
in a spiral separator and passed on to the thickening
step. The cleaned fine sand is dewatered using a
vacuum belt and reused (Figure 8).

For effective separation, the process engineering
requires a great deal of water to be added to the
dredged material, which, following the separation of
the individual fractions, is again separated with the
addition of flocculants from the silt suspension. 
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Figure 7. METHA plant – Mechanical treatment and dewatering of harbour sediments.

Figure 8. Hydrocyclone unit. 



SILT MOUND DISPOSAL SITES

Two special sites are available for environmentally 
safe disposal that meets all technical and legal 
requirements. The Francop disposal site is located in
the west of the harbour directly next to the METHA
plant and the Feldhofe disposal site in east Hamburg.
Silt that has been dewatered in the treatment
installation METHA and in the dewatering fields in
Moorburg is deposited here (Figure 11). 

The disposal sites were established at locations 
that had formerly been used as flushing fields. As
these fields were established about 30 years ago, 
the dredged material was deposited directly on the
ground without any sealing layer. Rainwater could
therefore transport dissolved contaminants into the
groundwater. After examination of alternative sites a
decision was made to use these sites for disposal. 
The construction of a disposal site above the old
flushing fields meant that at the same time seepage
from the old site was minimised and the use of new
land for disposal was avoided.

The dewatering of the flocculated silt suspension is
carried out in two stages with the application of a
filter belt press and a high pressure press (Figure 9). 
Six dewatering lines each with a respective throughput
of 9 –10 tons/hr operate in parallel. In addition, two
industrial membrane chamber-filter presses with a
respective throughput of 10–12 tons/hr of dry substance
have been used since 2002. The dewatering achieves 
a shear strength that assures adequate stability for the
silt product as a building material (Figure 10). 

Dewatering fields 
Aside from the dewatering in the METHA, dewatering
of the silty dredged material is also done in the 
so-called dewatering fields. These fields exhibit sizes
ranging from 2 to 4 ha and encompass a total area of
about 100 ha. They were built on old flushing fields,
after which they were sealed by means of a silt sealing
and an additional drainage layer to protect the
groundwater. 

The annual treatment capacity is up to a 200,000 m3

profile volume. The dredged material is flushed into 
the dewatering fields up to a height of 1.3 m. After a
few weeks the silt has settled to the extent that the
supernatant wash water can be drained off and the
actual drying process begins. 

Once the first drying cracks appear, the piling up 
into stacks for acceleration of the subsequent 
dewatering begins. This process is repeated, until 
the application requirements, as earthwork material 
for example, are met. The total dewatering of the silt
takes from 9 to 12 months depending on the weather
conditions.

Wastewater treatment
As a result of contact with dredged material, the
excess water from the treatment and dewatering
process contains the finest silt particles. Heavy metals
and other contaminants adhere to this suspended
matter. Another problem is the high concentration with
ammonium from households, industry and agriculture.
In rivers bacteria naturally convert this into nitrate. 
For each milligram of ammonium this process removes
five times that amount of oxygen from the water. 
In the River Elbe downstream of Hamburg nitrification
can contribute to low oxygen concentrations in the
water at warmer times of the year.

In a specially constructed effluent treatment installation
the suspended matter content of the wastewater is
reduced to values below 25 milligrams per litre. 
The concentration of the heavy metals is reduced by 
60 to 90%. Ammonium is converted in the two-stage
nitrification installation. The necessary bacteria colonise
on thin plastic material with an overall space of 
700,000 m2. The ammonium concentration is reduced
from up to 80 to less than 2 mg NH4-N/l.
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Figure 9. METHA plant: Filter belt presses.

Figure 10. Silt product stock for beneficial use and/or disposal.



Silt has good sealing properties similar to clay from
marshes which indeed also consists of river sediments.
As a result of the high portion of fine soil particles,
dewatered, compressed silt is virtually impermeable to
water (kf ≤ 1 * 10-9 m/s). The base seal of the disposal
site is designed as a double seal. It consists of a 2.5 mm
thick, watertight and extremely resistant plastic liner
made of HDPE (high density polyethylene) and a 1.5 m
thick silt layer. Between the plastic liner seal and the
mineral seal below it there is a 30 cm thick drainage
layer of sand via which the water forced upwards out
of the mineral seal is transported away. On the top of
the base seal disposal of dewatered silt is done in the
same layered way: a 1.5 m thick silt layer is followed by
30 cm thick drainage layer of sand (Figure 12). 

Drainage layers of sand are built in between the sealing
layers and the deposited silt for dewatering. This is
necessary, because water is pressed out from the silt
under the weight of the materials lying on top of it. 
This water, as well as the seepage water, which is
intensively in contact with silt, is contaminated by the
material contained in the silt and must be treated. 

The upper cover of the disposal site consists of a silt
seal (1.5 m), a thick drainage layer and a recultivation
layer. Together this construction prevents rainwater
from penetrating into the disposal site and ensures 
that any gas that is formed at the disposal site can only
escape into the atmosphere in an unharmful form. 

For the long term, the recultivation layer is the most
important component in this system. It ensures that
the vegetation is constantly provided with sufficient
water and so consumes a large fraction of the rain-
water before it reaches the upper seal as water
seeping through the ground. In addition, in this way,
methane is converted to less harmful carbon dioxide.

Emissions still occur even from disposal sites that
meet the strict requirements of the European and
German landfill regulations. It is however so slight as
not to be able to cause any harm to the environment.
The emissions are measured within the framework of 
a “monitoring” of the various points of the mound, 
for the purpose of monitoring efficiency of the disposal
site safety system. 

The Francop disposal site covers 120 hectares with 
a storage capacity of 8 Mio m3 of dewatered material
(corresponding to 16 Mio m3 of sediment) and is 
the largest and oldest disposal site in Hamburg. 
The Feldhofe disposal site covers an area of 
ca. 80 hectares with a capacity of 9 Mio m3.

The disposal sites higher than 30 m above sea level are
shaped as naturally as possible in the otherwise flat
marshes by moulding and later recultivation, and are
carefully adapted to the environment. 

The requirements for disposing of silt in the above-
ground disposal sites are set forth in German regula-
tions, the legal basis for which is in particular drawn
from the European Landfill Directive. The objective of
these regulations is the environmentally compatible
disposal of wastes that can no longer be utilised or
exploited, and which therefore must be safely disposed.

FILLING OF HARBOUR BASINS

In the harbour basin filling process, sediments present
in the river are left in situ as they are or else certain
(treated) sediments are inserted. Subsequently sand is
brought in up to the final site level. The danger of local
crushing and displacement is counteracted by inserting
into the building process the additional sand layers to
be applied in the thin locations. The vertical banks to be
set afterwards successfully accelerate the settlement
behaviour of the floor materials. 

Harbour basins were filled with dredged material for
the restructuring processes implemented within the
framework of the harbour expansion. Concepts were
also developed that made it possible to leave the silt
present in the harbour basin as it was. The settlements
on the newly created harbour areas that are still
allowable or maximally tolerable for later users, as well
as the effects on the groundwater, were investigated
through comprehensive measurement programmes. 
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Figure 11. Francop disposal site. 



escaping through the load is contained via a network of
horizontal drains introduced onto the silt in the first
construction phase, collected via pumping pits, 
and conveyed into a wastewater treatment plant.
Vertical drains were put in place following the completion
of the thin layers, so as to accelerate the settlement
(Figure 13).

This arrangement was utilised for the filling and
reclamation of the roughly 6 ha large harbour basin of
Rodewischhafen with an approximately 6 m thick silt
layer. Reclamation began with the insertion of sand into
thin layers. Once a total of 3 m had been introduced in
this manner, the subsequent reclamation was done
using known construction techniques. Pore water

Dredged Material Management in Hamburg

Figure 12. Sealing system principle and / or mound disposal site principle.

Figure 13. Filling of the harbour basin of Rodewischhafen.



“Zero emissions” at the time of the filling of the
harbour basin with silt is unrealistic. Nevertheless, 
the specific pore water collection and the criteria that
are typical for silt lead to a very low water permeability
and good homogeneity with limited emissions in the
water path both in terms of amount and over time.
Taken as a whole, the contaminants are practically
encapsulated with the silt under the filled harbour area.

The development of new silt dredging techniques
without the mixing of water represents a significant
step in the direction of further harbour basin filling.

BENEFICIAL USE OF DREDGED MATERIAL

The idea of making use of dredged material or fractions
of dredged material is an old one. This would allow the
peculiar properties of dredged material to be used and
expensive disposal site capacity to be conserved.
Hamburg is particularly experienced in the beneficial
use of dredged material as earthwork material in
sealing construction. 

The sealing property of separated, dewatered silt with
a coefficient of permeability of kf < 1 x 10-9 m/s was
used in the construction of both of Hamburg’s silt
mounds. These sealing properties improve even more
as the load increases. The base seal of the mound is
produced from silt just as the covering mineral sealing.

The positive experiences from the beneficial use of silt
as sealing material now provide the opportunity to
prospect the market for additional potential usages.
Examples of other potential applications are the use of
treated dredged materials as earthwork material for the
covering and shaping of disposal sites, the filling of pits
resulting from mining activities and surface preparations
as well.

Within the context of a pilot project, only positive
discoveries have been obtained on the use of
dewatered dredged material as substitute clay in dike
works. No difference could be determined in working
quality compared to clay when the materials were
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Figure 14. Products made from dredged material: 

sand, silt building material, bricks and blown clay-pellets

Figure 15. The Hamburg dredged material management concept.



Conclusions

Today the Hamburg dredged material management
concept is based on several pillars (Figure 15). Harbour
maintenance yields some 3 to 4 million m3 of dredged
material per year. Easily one million m3 are treated on
land, the remaining amount being disposed of in open
water. The greater part of the land amount is treated in
the METHA plant, and as in the past dewatering fields
are likewise in operation. The treated silt is beneficially
used or disposed in the disposal mounds in Hamburg. 

Since the beginning of the 1980s the federal state of
Hamburg has spent more than € 500 million on the
land-based treatment and disposal of contaminated
dredged material. By far the largest part of contamina-
tion of Elbe sediments is traceable to sources at the
upper reaches of the Elbe. Over the long term such
expenditures are neither sustainable nor sensible.
Therefore, over the medium term the dredged material
management concept provides for the relocation of the
major part of the dredged material to the waters of the
Elbe. Only the contaminated dredged material that also
comes from old sediment deposits is treated on land
and, where possible, put to use or deposited. 
The possibility of subaquatic disposal is being
investigated for the long-term safeguarding of dredged
material that cannot be relocated.

While in 1984 strong public protests spurred on the
development of the dredged material management
concept, today increasingly more legal requirements
define how dredged material is to be handled, particu-
larly when it concerns disposal on land. The bases for
these regulations are often European. 

Dredged material and its peculiarities have been given
insufficient consideration in the regulations of the EU
with the possible consequence of unreasonable
requirements being imposed. The increasingly heavy
regulation calls for a coordinated, active course of
action by those responsible for the handling of dredged
material. The EU Water Framework Directive provides
management plans for entire river regions and to that
extent offers a chance. Correctly understood sediment
management for an entire river region should mean
that water maintenance is required, that sediments
should remain there as natural aquatic elements and
that they require protection. Such management ought
not to be a dredged material treatment operated at the
end of a river at great expense, but rather the requisite
measures must be established at the sources via
which the contaminants reach the river.

used. At present the long-term behaviour of the dredged
material and the ecological effects of its use are being
ascertained.

On the other hand no bid was submitted in the Europe-
wide bidding procedure held in 2003 that met all the
economic, legal and ecological criteria of the tender
invitation. 

The utilisation of dredged material in the manufacture
of ceramic products is feasible. These products can be
bricks on the one hand and pellets/blown clay-pellets
on the other (Figure 14). Both production methods
were investigated with partners in the private sector.
After more than 10 years of research and development
work, the middle-range company HZG Hanseaten–Stein
Ziegelei GmbH developed a process for the application
of silt as substitute clay in the production of bricks. 
It succeeded in developing a production process in
which up to 70% METHA silt is used instead of natural
clay for the manufacture of high-grade ceramic building
materials, such as bricks or flagstone. 

A pilot brickyard went into operation in 1996, which
was subsequently operated for 4 years. The total
annual production capacity of the plant in Hamburg-
Neuenfelde was approximately 5 million bricks from
the up to 30,000 tons of METHA-silt that had been
delivered. The brickyard was unrivalled anywhere in 
the world building materials industry in terms of plant
safety and filter and purification technology. The con-
struction of the plant itself was approved under the
very strict legal emission control requirements of the
German Emissions Control Law. Nonetheless, the
costs for acquiring METHA-dredged material in an
industrial brickyard remain considerably above those of
the environmentally safe disposal in the Hamburg silt
mounds. As a result a large-scale project has not come
into operation.

Conversely, comparatively small amounts of METHA
silt are currently applied to mound costs in the produc-
tion of pellets. As a result, a total of some 8,000 tons of
pre-treated silty materials has replaced the natural clay
in the process. It appears possible to apply 10-25%
dredged material in lieu of natural clay in an existing
production plant, without the need for extensive 
technical adaptation of the process technology. 

Following the mixing of natural clay, dredged material
and other additives, blown-clay pellets are produced 
in a rotary kiln at 1,250 ºC with a density of 0.3 to 
0.6 tons/m3. The pellets can be used as gravel sub-
stitute, geological filling material, or as a supplement 
for lightweight concrete. In the process, most of 
the organic matter is incinerated; the heavy metal 
and arsenic are permanently bound into a vitreous
structure. 

Dredged Material Management in Hamburg
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Abstract

Palm Island Developers asked Royal Haskoning in the
autumn of 2000 to design the crescent breakwater,
surrounding their planned man-made Palm Island at the
coast of Dubai, UAE. The main function of the breakwater
is to protect the beaches and small marinas of the
island against incoming waves from the Arabian Gulf. 

A number of interesting aspects, for example the
influence of incoming waves on a curved breakwater,
had to be dealt with, both during preliminary and final
design of the breakwater. To design a breakwater
profile, which fulfilled all the client’s requirements on
overtopping and stability, several breakwater cross
sections were examined. By studying the effect of
different slopes, an underwater berm and different
crest widths and the effect of a retaining wall, making
use of a 2D wave flume, it was possible to design the
most economic breakwater profile. This profile consists
of an armour layer of 3-6 ton rock, at a slope 1:2. 
Overtopping water is collected on a wide crest and
then transported through the core of the breakwater
back to the sea. Only in extreme situations will the
overtopping water pass the landward boundary of the
sea defence. Special attention must therefore be paid
to proper discharge of overtopping water.

This paper was presented at COPEDEC VI, in Colombo,
Sri Lanka and is reprinted here in a slightly revised
version with permission.

Introduction

Palm Island is a man-made island, shaped like a date
palm, with a 1.5 km long trunk and 17 fronds. 
The island is intended to be a recreational island, 
fully equipped with parks, shopping malls, marinas 
and luxurious housing. The construction is practically 
completed at the coast of Dubai by now (Figure 1).

This case study describes the design and construc-
tional aspects of the elliptical breakwater around Palm
Island, which will protect the fronds against waves. 
The paper focuses on the practical use of the design
theory for stability and overtopping under oblique wave

Terra et Aqua – Number 96 – September 2004

14

Simone Hellebrand, Jack Fernandez and Ronald Stive

Case Study: Design of
Palm Island No. 1 Dubai

Simone Hellebrand

Miss Hellebrand graduated in 1999 
from the Faculty of Civil Engineering,
Technical University Delft, and since
then works as a designer/project
engineer with De Weger Architects and
Consulting Engineers, later incorpora-
ted in Royal Haskoning. Her expertise
is in the design of breakwaters, shore
and seabed protections, port and
terminal planning, the design of oil and
gas jetties and other marine structures.

Jack Fernandez

After earning a degree in Civil Engi-
neering, Mr. Fernandez attended
various postgraduate courses in Coastal,
and Ports and Harbour Engineering at
the University of Florida and the Tech-
nical University Delft, also participating
in the IADC International Dredging
Seminar in Singapore. He has been in
the marine construction industry for
almost 50 years. He joined Nakheel in
2000 as project manager for the start up
Palm Island Project and is presently
involved in all dredging, reclamation
and breakwater projects being executed
by Nakheel.

Ronald Stive

Mr. Stive graduated in 1980 from 
the Faculty of Civil Engineering of
Technical University Delft. After 
12 years as a Project Engineer/ Project
Manager for Delft Hydraulics, in 1993
he joined De Weger Architects and
Consulting Engineers, later incorpora-
ted in Royal Haskoning. For some 
20 years, Mr. Stive has been responsible
for the hydraulic, nautical and civil
design of numerous (international)
coastal and maritime engineering
projects, regarding environmental 
and hydraulic design conditions, ports
and related infrastructure, breakwaters,
estuaries and seas, polders and land
reclamation. 



BREAKWATER HYDRAULIC DESIGN ASPECTS

Water levels
The extreme water levels for Palm Island occur as a
result of tide and storm surges. The astronomical tide
along the Dubai coast is semi-diurnal, with a strong
diurnal component, leading to a difference of about 
0.3 m between the two daily high waters. The tidal
range shows little variation along the coast and for the
tidal levels at Palm Island the values for Jebel Ali Port
can be adopted, as given in the Admiralty Tide Tables. 

This spot of the Dubai coast is attacked by the Shamal,
which is a yearly recurrent storm event, developing
over the Northwestern part of the Gulf and moving
then Southeast in the course of a few days.

attack. The results of the 3D model tests, which were
carried out for the Palm Island case, demonstrated that
the theory of Galland (1994) is applicable for rubble
mound curved breakwaters. Special attention is paid 
to the influence of the breakwater cross section 
(slope, underwater berm, wide crest, retaining wall) 
on overtopping quantities, based on 2D model test
results. 

SHORT PROJECT DESCRIPTION

The Palm Island Project
Since Dubai will be running out of oil in the near future,
new sources of income needed to be found. Dubai
chose to invest in the tourist industry. In 1989 about
600,000 tourists brought a visit to Dubai and only ten
years later, this number increased to 3 million. Sheikh’s
own words are that Dubai should be one of the most
prominent tourists’ destinations in the world. By
building Palm Island, a prestigious project will be
realised, offering thousands of tourists the opportunity
to hire or buy a house in Dubai. 

Site description
Palm Island No.1 is foreseen 15 km North of Jebel Ali
Port at the Dubai coast in the Gulf, as can be seen in
Figure 2. The palm will extend 5 km out of Dubai’s
coast and has a width of approximately 4.5 km. 
A protecting breakwater surrounds the fronds of the
palm. The trunk will be connected with the mainland by
a 300 m long bridge, the crescent breakwater will only
be accessible by boat.

The island points with its trunk Northwest, towards
Iran. As for this position, all fronds will be attacked by
waves from all directions, except South. Most severe
waves, however, are coming from the Northwest. 

The crescent breakwater protects the beaches on the
fronds against these waves and provides relatively
quiet water around the palm for all kinds of water
sports, throughout all seasons. 

Breakwater layout
The crescent breakwater is approximately 11 km long
and 200 m wide and will be used as a recreational
island itself. Two gaps are provided at the breakwater
island in order to improve the exchange of water
around the fronds of the palm with the open sea.
Recreational sailing vessels will also use these gaps to
enter or leave the Palm area.

In order to experience the Gulf in full from each
position of the Palm Island, it was the client’s desire to
keep the breakwater crest at a level of MSL +3.0 m.
The seaside of the breakwater is protected by rubble
mound armour; the inside will be used as a beach and
therefore consists of unprotected sand. 

Case Study: Design of Palm Island No. 1 Dubai
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Figure 1. Satellite photograph on 9 February 2003. 

Figure 2. Location of Palm Island at Dubai coast.
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The surge levels for Shamal storms were determined
by WL|Delft Hydraulics (2001) based on three historic
events. One of these storms reached wind speeds and
wave heights that were far above those of all other
storms, which occurred in the period 1963-1993. 
The return period of this storm was assumed in the
order of 1/1000 year. 

The design water levels (in m above MSL) for combined
surge and tide are given in the table above (Table I). 

Depth influenced wave height distribution
The 1/100 year significant wave height due to Shamal
waves at deep water is approximately 6.0 m. Because of
shoaling effects, the wave height decreases to approxi-
mately 4.0 m at the outer point of the breakwater.

The foreshore water depths should also be taken into
account when determining the wave height along the
breakwater. For Shamal waves, the significant off-shore
wave height divided by the water depth is larger than
1/20, resulting in a transitional-water effect. This will
lead to a levelling of the Rayleigh Distribution for these
waves. From the computations by WL|Delft Hydraulics
(2001) it is concluded that for the Shamal design
conditions ‘depth limited waves’ will occur. 

For depth limited waves, the following relation is given
by Van der Meer (1994):

R2% = 1.4[1-0.03·(1-1/�)]2 (1)

R2% = H2%/Hs (2)

For Shamal waves, the breaking ratio is � = 0.3 to 0.35
(where � =Hs/h), which leads to a relation of 
H2%/Hs = 1.35, instead of a “normal” deep water
relation of H2%/Hs = 1.4. 

The locally generated wind waves (other directions
than Shamal) have a lower significant design wave
height and are therefore more or less deep water
waves and thus H2%/Hs = 1.4 holds.

Design wave climate
Owing to its crescent shape, each part is attacked by
several waves, all with different heights (and corres-
ponding distribution) and different angles of incidence.
The wave climate is thus not uniform along the
crescent breakwater. In Figure 3 for several locations
along the breakwater the design wave directions and
wave heights are indicated. 

As can be seen in Figure 3, waves during the Shamal
will not be of any influence for the breakwater sides
facing the coast (points X, Y, G and H). For these parts,
the lower local waves are governing. For the 
intermediate parts, the breakwater is attacked by 
both almost parallel Shamal wave fronts of 
approximately 4.0 m height and various more or less
perpendicular local wave fronts of approximately 
2.5 m height. 

It is known that obliquity of the incoming waves 
decreases the impact on the stability of the armour
blocks and overtopping waves, depending on the
degree of obliquity. For each part of the breakwater it
must therefore be specified which of the higher oblique
waves or lower perpendicular waves is governing. 

This governing wave is used for the determination of
the required dimensions of the armour layer blocks and
maximum expected overtopping quantities.

OBLIQUE WAVE ATTACK

Theoretical design method oblique wave attack
The effects of oblique wave attack for toe and main
armour stability and for overtopping are described by
C.-J. Galland (1994). 
Galland derived several formulae for defining the equi-
valent perpendicular wave height for oblique incoming
waves. Galland carried out six series of tests, each one
being defined by its angle of wave incidence (0�, 15�,
30�, 45�, 60� and 75�) for a breakwater, which was
divided into four trunks and armoured with
Accropodes®, tetrapods, antifer blocks and quarry
stone. 

For quarry stone, which is the design block for Palm
Island, the tests resulted in three equations, with He

being the equivalent wave height:

Overtopping He= Hs
. (cos ß)1/3 for 15�< ß <75� (3)

Armour stability He= Hs
. (cos ß)0.25 for ß ≥30� (4)

Toe stability He= Hs
. (cos ß)0.6 for ß ≥30� (5)

In his discussion, Galland proposes that this approach is
not fully satisfactory. First because, in some of his test
results, the adjustment is not very good and second
because his test results can not represent the influence
of a different breakwater slope. 
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Table I. Water levels at Jebel Ali Port with respect to MSL.

Return period (years) 1 10 25 50 100 250 1000 

Water level (m MSL) 0.85 1.12 1.25 1.34 1.43 1.55 1.75 



selected stone class (i.e. 0.75 ton, 2.5 ton and 4.5 ton)
marks the transition to a heavier grade for the armour
layer elements on the breakwater. 

In this way a preliminary armour design for the
crescent breakwater was made, dividing the break-
water into five longitudinal sections with different
armour elements. 

The most severely attacked section (Section I: 5900 m) is
covered with 3-6 ton rock elements (W50 = 4.2 - 5.4 ton).
The East and West end-parts (Section III: in total 2975 m)
are both covered with 0.5-1 ton rock elements 
(W50 = 0.64 - 0.80 ton). The intermediate parts at the
Eastside and Westside (Section II: 2225 m) are covered
with 1-4 ton rock elements (W50 = 2.2 - 2.7 ton). 
Both secondary armour layer material and toe material
are adapted adequately to these primary layers.

A typical cross section for the most severely attacked
part of the breakwater is given in Figure 5. 

Application theoretical design method for Palm Island 
Despite Galland’s remarks on the application of his
equations, it was decided to use his equation (3), (4)
and (5) for quarry stone as a useful method for the
preliminary design of Palm Island crescent breakwater.

As remarked in the previous chapter, the wave climate
varies along the breakwater and many parts of the
breakwater are attacked by waves from various direc-
tions. It was therefore necessary to define the ruling
equivalent wave height for each part of the breakwater.
This was done for the ten locations with known waves
from several directions, as given in Figure 3.

The required armour diameter was calculated by using
Van der Meer (1993) for shallow water conditions and
applying a maximum allowed damage number S=6:

Plunging (6)

Surging (7)

Transition (8)

Instead of the incoming H2% the theoretical “equivalent
wave height” He-2% was used. This He-2% as a function
of the unfolded breakwater is given in Figure 4. 
Also shown in this figure is the corresponding theoretical
required average stone weight W50 = ps

.Dn50
3. 

The intersection between the theoretically required
average stone weight and the mean weight of a
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Figure 3. Wave heights at several points along the breakwater.
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3D Model tests and results
The method of Galland was used as an instrument to
prepare the preliminary design of the breakwater. In
order to investigate the limitations of this method and
to check stability and restricted overtopping quantities,
several 3D model tests were carried out. 

These tests were performed in a 32 x 20 x 1.2 m wave
basin in Grenoble. This basin is equipped with a wave
generator capable of producing regular or random
waves. Wave absorbing areas were placed on the
edges of the basin to neutralise the wave reflections.
The dimensions of the wave basin limited the scale of
the model sections. With help of Froude’s law the
scale of the sections was set at 1:40. 

Two model sections (model A and model B) were
defined, in order to test overtopping and stability for
both Shamal waves and locally generated wind waves.
For model A, waves from 310, 320 and 330 degrees
North were generated. For model B, waves from 320
and 360 degrees North were generated. Owing to the
curved layout of both sections and their different
position towards the wave panels, the generated
waves had an angle to the normal of the breakwater
between 10 and 80 degrees. In model B a transition of
3-6 ton armour layer elements to 1-4 ton armour layer
elements was included.

The duration of each test was 5 hours prototype time.
Damage to the breakwater was given as a damage
number and as a percentage. The damage number, 
as a function of the measured number of displaced
rocks, was given by:

S = 1.855 . N displaced
. Dn50 (9)

In order to compare the test results to the theoretical
expectations, the expected damage number S,
according to Van der Meer, was determined for the

equivalent wave height He, according to Galland’s
theory, for each tested angle to the breakwater normal.
For that purpose, (6) and (7) were rewritten to:

Plunging (10)

Surging (11)

The comparison was made for all sections with armour
layer material 3 to 6 ton (Model Section A and part of
Model Section B). For a large number of comparable
tests the occurred damage number S is plotted in
Figure 6, together with the theoretical damage number
S for the equivalent wave height He, given by (10) and
(11). The He for rock stability is characterised by Galland
in (4). In Figure 6, also the 90% confidence levels 
are drawn, defined as 2 . � for all parameters in (10)
and (11) and � according to Van der Meer (1993).
Approximately 65% of the measured damage numbers
fall inside these 90% confidence levels of the theoretical
damage number S.

It should be noted that the results for low damage
numbers and short wave periods (approximately 
6.3 seconds) fall outside the given 90% confidence
levels. This could probably be the effect of the factor x
in (3, 4 and 5). For Palm Island breakwater, these
relative low damage numbers are of less importance,
since the design must fulfil for the larger maximum
accepted damage number S = 6. 

The 3D model test results as carried out for Palm Island
breakwater show that the same conclusion as Galland
draws in his publication can be drawn: for increasing
angles of incidence, some trend is noticeable that
indicates an increasing stability, especially for higher
damage levels.
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Figure 5. Typical cross section for Section I (4,750 m – 7,700 m).
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significant wave height, modelling as such the proto-
type 1/1, 1/25, 1/50 and 1/100 year wave height
condition. The 2D model was built for the most
severely attacked section of the breakwater, attacked
by (almost) perpendicular Shamal waves.

Although armour layer stability and toe stability as well
as overtopping were studied during these tests, most
attention was paid to the overtopping aspects, being
one of the most important design parameters. 
By comparing the results of several tests with specific
cross section characteristics, it was possible to
investigate the effect of certain modifications on over-
topping. 

Although not shown in this publication, the same
conclusions can be drawn for overtopping quantities.

For higher damage numbers and not too short wave
periods (Tp ≥ 6.3 s), Galland’s formulae are very well
applicable. However, if conditions permit, 3D model tests
are recommended to check stability and overtopping
quantities of a new curved breakwater design problem.

OVERTOPPING

Design criteria overtopping 
The client’s requirement was a breakwater with 
a crest height at the same level as Palm Island, i.e.,
MSL +3.0 m. The 1/100 year water level, owing to
Shamal surge at MHHW, is MSL +1.43 m. The 1/100
year significant wave height for Shamal waves is 
Hs = 4.0 m, giving considerable overtopping during
these design conditions. A basic approach for defining
overtopping is given by Owen (1995), using a non-
dimensional freeboard parameter and a non-dimensional
average specific discharge:

Q*p = a.exp (-b.R*p /�) (12)

R*p = Rc / Hs
.�(sp /2π) (13)

With � a correction factor for various influences and a
and b coefficients depending on the breakwater slope
and Rc the difference between crest level and water
level.

For Palm Island crescent breakwater, this results under
design conditions (tr = 100 year) in an overtopping
quantity at the outside, seaward crest in the order of
1500 l/s/m1. Without additional measures this will result
in severe damage on crest, near buildings, vehicles and
large risks for pedestrians, according to Van der Meer
(1993). 

Apart from the not allowed rising of the crest, a number
of methods are known to reduce the overtopping
quantities, such as reduction of the slope, application 
of an underwater berm and application of a retaining
wall at the transition of the breakwater to the backfill.
Another possibility is to apply a wide crest on which
overtopping is drained. Owing to the need to reduce
the overtopping to acceptable quantities at the land-
ward boundary, it was decided to carry out several 2D
model tests, in order to define the effects of each of
these solutions. In consultation with the client, it was
decided to accept 20 l/s/m1 at the landward boundary
of the sea defence for 1/100 year wave conditions. 

2D model tests and test results
In total nine test series were carried out for nine
different cross sections, each test series consisting of 
a number of different combinations for water level and
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Figure 6. Comparison of 3D model test results with Theory of

Galland.
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Table II. Effect of cross section characteristics 
on overtopping quantities at landward boundary.

Q1/10 year Q1/100 year
Characteristics [l/s/m1] [l/s/m1] 

Slope   
1:2.5 - 5  
1:2.0 - 8 

Crest level   
MSL +3.75 m 0 2  
MSL +3.00 m 2 23 

Retaining wall at landward bnd   
wall of 0.75 m - 13  
no wall - 26 

Crest width   
30 m 1 8  
20 m 0 26 

Berm   
no berm, but wide crest 3 12  
10 m berm at water level 4 44 



The effect of these modifications is summarised for
both 1/10 year prototype condition and 1/100 year
prototype condition (see Table II). The overtopping
quantities in this table are given for the landward boun-
dary of the sea defence. Modifications, other than
described (such as sea level rise, or a different material
choice), have been discounted in the results presented
in this Table.

Most of the conclusions, which can be drawn from 
the results in Table II are not new or unexpected:
– a steeper slope will result in more overtopping;
– a higher crest level will result in less overtopping;
– a retaining wall will reduce the overtopping with

nearly 50%, depending on its location on the crest;
– a longer crest will reduce the overtopping at a

certain “landward” boundary of the sea defence.

The model tests proved also that, for this special case,
a breakwater with a berm at water level is not so
effective as a breakwater with a wider crest, when
overtopping is examined. Next to that, it was concluded
that the cross section of a breakwater with a wider crest
uses less material than a breakwater with a berm at
water level for the same order of overtopping quantities.

By applying a wide crest, however, special attention
must be paid to the rock elements on the crest. 
The model tests showed that these rocks must be of
sufficient weight over a relatively long stretch of the
crest. Otherwise these rocks will be transported over
the crest by the strong currents of the overtopping
waves, causing increasing damage. 

Conclusions

Based upon the results of the 2D model tests, it was
concluded that a breakwater with a wide crest is the
most economical solution for the crescent breakwater.

Since the armour layer of 3-6 ton armour rocks showed
stability results conform expectations for a slope 1:2.0,
it was decided to select this slope for the breakwater.
The crest level was, in close consultation with the
client, chosen at MSL + 3.0 m. The crest width, now,
had to be determined for each section of the break-
water, taking into account the maximum accepted
overtopping quantity of 20 l/s/m1. By comparing the
results of overtopping tests for the same breakwater
cross section and the same incoming wave climate,
but several positions at the crest, it was possible to
compose Figure 7. 

For each incoming wave height (Shamal or local wave
direction), the overtopping at the seaward boundary for
the equivalent wave height, determined by (3), was
estimated with help of (12) and (13), verified by the
results of the 2D and 3D model tests. The required
crest width, limiting the overtopping to maximally 
20 l/s/m1 for each section, was determined by assuming
the same logarithmic reduction in overtopping quantities
as found in Figure 7. 

The maximum crest width in this way determined was
found at the part of the breakwater, which is attacked
by nearly perpendicular Shamal waves. The maximum
crest width is 20 m, when a retaining wall of 0.75 m is
present. The minimum crest width, at the East and
West outer-ends, is not determined by overtopping
criteria, since hardly any overtopping will occur for the
low local waves at these spots. The minimum crest
width is 4.5 m, which is determined by constructional
criteria.
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Figure 7. Overtopping discharge as function of the crest width,

with and without retaining wall.
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The settlement of this sand body was accelerated by
deep compaction; the deep compaction volume was
about 40 million m3. In one area the sub-soil treatment
was different and the excess pressurised water was
drained by means of vertical drains; a total of 2.6 
kilometres of prefabricated band drains were 
installed. This area is the future water pond. 

The work also included the removal of silt and over-
burden from the marine borrow areas, before suitable
sand could be extracted, as well as placing and
removing surcharges on the reclamation site. 
This volume amounted to about 6 million cubic m3. 

Finally, the contract required the building of a 2-
kilometre seawall along the southern perimeter of 
the reclamation, a 1.5-kilometre revetment along the
eastern perimeter, and a 2-kilometre access road. 
This part of the work involved some 2 million m3 of
imported rock.

All these works were to be completed within a period
of 32 months. The works started in May 2000 and
were completed on the scheduled completion date of
7 December 2002 within the strictly proscribed environ-
mental constraints (Figure 1). 

Abstract
The construction of the new international Theme Park
in Hong Kong is well underway, built on a vast area 
of land which was reclaimed from the sea in only 
32 months. This reclaimed land was made to such a
high standard that the construction works for the
infrastructure and Theme Park were able to commence
directly after the completion of the reclamation works.
Some of the important technical details of the reclama-
tion works, which were executed under strict environ-
mental conditions, are highlighted in this article.

Introduction

After due consideration by the Hong Kong S.A.R.
Government, Penny’s Bay on Lantau Island was
chosen for the location of an international Theme Park,
and the Civil Engineering Department of the govern-
ment (the Employer) and their Engineer Scott Wilson
(Hong Kong) Ltd. prepared the design for the works. 
An area of new land of some 200 hectares had to be
reclaimed from the sea, of which Van Oord’s share of
the work represented approximately $500 million.
Since environmental management was an essential
part of the project, a dedicated team comprising
members from Van Oord and independent Maunsell
Environmental Management Consultants Ltd. was
employed on a full time basis.

THE EXTENT OF THE WORKS

Some of the principal quantities for the reclamation
project are outlined below, giving an impression of the
extent of the works.

Before the actual filling operation for the reclamation
could start, some 43 million m3 of uncontaminated
mud and 80,000 m3 of contaminated mud had to be
removed from the site. The sand volume that was
needed for the reclamation was approximately 
70 million m3. 

Penny’s Bay Reclamation Phase 1: Fairytale in Hong Kong
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Clearly, the planning and sequencing of all activities for
such a project is of vital importance if the contractual
requirements are to be met, especially when a large
amount of equipment must be deployed simultaneously
in a relatively small area. 

MONITORING MEASURES

The Hong Kong S.A.R. Government is very keen on
protecting the environment, which resulted in strict
regulations and requirements for the dredging work in
this project. A considerable amount of time, effort and
money went into monitoring the ecological and
environmental effects of the work. Water and air
quality including noise levels in the surroundings were
measured frequently and the well-being of local wildlife
was monitored. As this was an essential aspect of 
the project, a dedicated team from Van Oord and
independent Maunsell Environmental Management
Consultants Ltd. was employed on a full time basis. 

SCANNING THE SUBSOIL

No less than 1,200 CCPTs were executed with the
intention of determining the top level of the hard clay
subsoil, thereby establishing the target dredge levels. 

A solid foundation for the reclamation was found at
levels varying from –10 m PD to –39 m PD, in some
spots even –45 m PD. This meant that a mud layer of
up to 33 metres thick was to be removed prior to the
actual reclamation works.

UP FOR GRABS

Work started with the removal of the thick layer of
unsuitable mud from the bottom of the bay. The original
seabed level at the site varied from –3 m PD to –7 m
PD, while the top of the hard clay subsoil was found at
between –10 PD and –39 metres PD. 

Three grab dredgers were used for mud removal,
mainly to provide access for the trailer dredgers and in
locations where rock layers were expected close to the
surface (Figure 2). The grab dredgers created sufficient
depth for the small trailer dredgers like HAM 312 
(Figure 3). The smaller trailers in turn dredged an
access channel into the works and lowered the level 
of the working area for the larger dredging vessels
such as Geopotes 15, Amsterdam and Rotterdam
(Figure 4 and 5). 

The dredging of the seawall trench was a special case
as dredging was required to a foundation level having a
strength of 2 mPa. The Engineer, the Employer but in
particular the end user had stringent requirements with
regards to the differential settlement criteria. Once the
grabs and medium size trailers had cleared the way for
the new generation jumbo hoppers, with hopper
capacities over 20,000 m3, the speed of mud removal
operations was increased making it possible to meet
the timetable as specified in the contract. 

DESIGNATED DISCHARGE SITES

The removed mud was transported to a number of
designated discharge sites for which the contractor had
to obtain special discharge permits. These areas used
for the non-contaminated mud are located North of
Lantau, South Chung Chau, near the Nine Pins Islands
and in the Peoples’ Republic of China (PRC), south of
Danggang. A separate permit was obtained for the
contaminated mud, which was deposited in the
dedicated discharge-pit at East Cha Chau. 
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Figure 1. Panorama view of Hong Kong’s Penny’s Bay on Lantau Island.

Figure 2. Grab dredgers were used to remove mud to provide

access in the bay for the larger trailer dredgers.



entered the site was allocated a disposal spot in
accordance with a pre-determined sequence based 
on actual survey data. 

When the disposal area became too shallow for the
ships to enter, they reverted to rainbowing, i.e.
unloading their sandy cargo by pumping it through 
a nozzle at the bow of the vessel. However, 
in Hong Kong the issued Environmental Permit
stipulated that this method may not be used for
discharging directly in the water. 

A third method used was to pump the sand ashore via
floating and land pipelines. This method was used to
bring the reclamation to the required level above water.

All these methods have the same goal: to get as much
sand in place as efficiently as possible. But when
accuracy becomes a critical factor, that is, exactly how
much sand goes where and when, alternative methods
have to be used. For example, in the area beneath the
proposed lake, a special zone where soft marine deposits
were to be left in place, the sand was deposited in a
controlled manner by means of the spreader barge
Tisnix which was able to place the sand accurately in
one metre thick layers. The Tisnix received the sand
mixture via a floating pipeline from a cutter suction
dredger that was located in a rehandling pit. 

CHECKING THE NUMBERS

A survey launch with a multibeam echosounder verified
whether the required dredge levels were actually
reached. Apart from these bathymetric surveys, grab
dredgers took soil samples to a 25 x 25 m grid and
vibrocore samples were taken on a 50 x 50 m grid,
followed by a seismic sounding of the dredged area.
These surveys were conducted while work on site
continued. This meant the survey vessels had to
manoeuvre amongst a large number of dredgers and
other ships, which was often quite complicated. 

Once satisfied that sufficient mud had been removed,
pre-cast concrete settlement plates were lowered
down onto the dredged surface to a 100 x 100 m grid.
The installed positions were accurately recorded as 
the plates were to be relocated later by drilling through
the reclamation, to provide important information on
the settlement of the sub-strata. 

The filling operation commenced with placing a 
3-metre-thick sand blanket. Subsequently, so-called
basal vibrocores were carried out at a 50 x 50 m grid to
confirm that there were no silt pockets left behind or
enclosed. After confirmation that there were no large
enclosures, the filling process continued.

SETTLEMENT AND SURCHARGES

The reclamation areas had to be raised to levels varying
between +6.5 m and +10 m PD. This meant that in
some places a sand layer of up to 45 metres thick was
required. Allowances had to be made for calculated
settlement. For this reason an extra overfill of about 
0.6 m on average was placed over and above the
required surcharge levels. 

FILLING METHODS

A variety of filling methods were used. In some cases
the strict environment constraints dictated the working
method deployed. But, broadly speaking, when there
was sufficient depth for the trailers to access the
working area, the dredger would simply open its
bottom doors and discharge its load. This disposal took
place in a controlled manner whereby each vessel that
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Figure 3. Ham 312, one of the smaller trailers used for

excavations at Penny’s Bay.



BORROW AREAS

To achieve the land reclamation in this project, a total
amount of around 70 million m3 of sand, originating
from various marine borrows areas in Hong Kong
S.A.R. and the PRC, was used. Here too special
permits had to be obtained by the contractor to
excavate sand in these locations. 

The sand borrow areas used for the project were: East
Lamma Channel and West Po Toi, both in Hong Kong
waters, and Wailing Ding near Wanshan Island in the
PRC. The mining licences for this last area in the PRC
were obtained after lengthy, but successful, negotiations
with the Chinese authorities. 

In order to check the quality of the sand, a large
number of vibrocore samples were retrieved from the
reclaimed area on a 100 x 100 m grid and throughout
the depth of the sand-fill. The result: 32 m3 of sampling
material and 16,000 sieve analyses. 

SEVENTEEN TRAILERS

For a sand-fill operation of this magnitude, a large
number of trailing suction hopper dredgers are neces-
sary and some seventeen trailers were deployed during
the course of the project. Besides these trailing suction
hopper dredgers, other dredgers, such as a cutter
suction dredger, a water injection dredger and various
units of grab dredgers, were employed.
In order to maintain a safe marine environment at the
site, Van Oord had their own vessel control centre at
the site office that co-ordinated all vessel movements,
day and night, via telephone and VHF radio. 
The necessity for such a department is evident in the
light of the number of vessels on site; besides the
above-mentioned dredgers there were survey vessels,
vibrocore barges, stone delivery derrick-lighter/tug
combinations, many barge/tug combinations for the
grabs, launches from the Engineer, tender boats for
site personnel, multicats for pipeline and anchor hand-
ling and so on.   

OTHER DISCIPLINES

Apart from the actual marine works, such as de-
mudding, dredging and sand-filling, there were a

Figure 4. Large trailing suction hoppers during sand placement.

Figure 5. Geopotes 15 transporting sand.



Surcharge removal 
An entirely different method used to increase the
speed of the settlement process was the placement of
a surcharge on top of the reclamation thereby adding
extra weight onto the subsoil. This surcharge was later
removed after a pre-determined period to bring the
reclamation to the design final levels. The removal of
the 6 million m3 of surcharge was also carried out by
Van Oord. Large land-based earth-moving equipment,
able to move about 110,000 m3 per week, was used
for this activity; special haul roads were constructed
and maintained in order to separate this heavy equip-
ment from other site vehicles. 

Installation of vertical drains 
In some cases soils are drained by using vertical drains.
These are usually prefabricated strips of woven
material that are installed, through the reclaimed sand-
body into the sub-soils, by specialised equipment. 

For Penny’s Bay two such specialised rigs were
mobilised to execute this part of the works. The two
rigs had the capacity to install about 40 km of drain per
day. This meant they had to work around the clock to
install the total of 2.6 million metres of drains needed
on this project. The vertical drains were installed in the
special area W3, a future recreational area. The installa-
tion of vertical drains in this zone was a very critical
activity, causing considerable changes in the working
sequence. 

Seawall construction and access road
Hong Kong Construction Ltd., Van Oord’s joint venture
partner, executed the construction of the various
seawalls, both vertical and sloping, revetments and
access road. This part of the contract involved the

number of associated activities carried out under the
same contract. They included: 
– deep compaction;
– installation of geotechnical instrumentation; 
– surcharge removal;
– vertical drain installation; 
– seawall construction; and
– access road construction. 

Deep compaction 
The deep compaction works were carried out by sub-
contractor Bachy Soletanche Group Ltd. A sand body
with a volume of about 40 million m3 had to be treated
by this method. The objective here was to meet the
contractual requirement of close to zero differential
settlement after delivery, which was an essential
requirement to the end user of the new land. 

The deep compaction method used in this case 
was the vibro-floatation method. Under this process, 
a so-called poker is jetted into the sand to the required
depth and energy is applied to the vibrating tip of the
poker. This causes the sand grains to reposition into 
a more compact configuration. Based on time and 
the energy consumption of the tip, the process is
monitored to ascertain if the required degree of
compaction has been achieved. This process continues
from the starting level up to the proposed final surface,
with the poker raised in one-metre increments, 
with additional sand poured in from the top to fill the
void around the poker. 
On average, a compaction of 6% by volume was
achieved with this method (the specified requirement
was 5%). 

Not all areas of the sand body were deep compacted.
In some zones only limited deep compaction was
stipulated, whereas in others full depth deep compac-
tion was carried out. Pre- and post- CPPTs were taken
to monitor the works and to confirm that the specified
contract requirements were met. 

Installation of geotechnical instruments 
The installation of geotechnical instrumentation in the
reclamation area was another activity carried out by
specialist subcontractor Bachy Soletanche. The types
of instrumentation installed were: 
– standpipes;
– Casagrande piezometers; 
– vibrating wire piezometers; and
– magnetic extensometers.

The instruments were installed in 33 instrumentation
clusters throughout the site. In addition to these clus-
ters, almost 1,200 settlement markers were installed,
partly at the dredged surface and partly just below the
finished reclamation level. The instruments were
monitored throughout the project duration according to
the specific requirements of the end user.
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Figure 6. Land formation and infrastructure for the theme park

on Lantau Island, Hong Kong. Theme park is situated at

bottom of drawing.
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supply and placement of about 1.9 million tonnes of
rock. The rock was procured from Chinese quarries in
the PRC. Two large box culvert outfalls were also
constructed, through the sloping seawall, in order to
drain surface water from the area. 
The seawall was constructed along the southern
perimeter of the reclamation, about two kilometres long
and consisting of two sections; a vertical seawall and a
sloping seawall. The designs used for the seawalls are
fairly classic, well proven and often used in Hong Kong
(Figure 7). 

Along the eastern perimeter of the reclamation a 
1.5-kilometre revetment, consisting of heavy rock
imported from the PRC, was constructed. A two-
kilometre access road to the China Light & Power’s
power station was also constructed and included three
culverts underneath the road.

ENVIRONMENTAL EFFORTS

Hong Kong is very keen to protect its environment 
and has various ordinances in place stipulating the
environmental requirements under which a project of
this size must be executed. Under such an ordinance,
an Environmental Impact Assessment (EIA) was pro-
duced by the client and approved by the Environmental
Protection Department (EPD) of the Government. As a
result, the EPD granted an Environmental Permit (EP)
to the client for the construction of the project.

Based on the recommendation of the EIA, an Environ-
mental Monitoring and Audit (EM&A) Manual was

written, specifying the scope of environmental monito-
ring and mechanisms to avoid and mitigate any negative
impact to the environment (Figure 8). 

Besides the monitoring schemes, the EP and EM&A
Manual imposed various necessary restrictions and
limitations in respect of the methods of construction.
As a result, the work done by the Joint Venture was
subject to many environmental regulations with a 
large scope of environmental monitoring works. 
The following measures were taken: 
– installation of a 4 km silt screen and a temporary

rock bund around the worksite; 
– installation and data collection at 66 water quality

monitoring stations; 
– installation and data collection at 3 noise measure-

ment station; 
– installation and data collection at 1 air quality

measurement station; 
– installation of 13 coral monitoring stations including

data collection dives; and
– ecological monitoring of wildlife around the site. 

Silt screen 
A silt screen was installed around the entire working
area. The screen kept suspended solid particles, 
stirred up by the dredging operations, within the site
boundaries. It was installed by hand from workboats, 
a labour-intensive operation, with regular assistance
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Noise measurements
At three locations outside the site, noise measure-
ments took place to monitor whether the noise
produced by the construction activities was below the
allowable limits. In this respect it must be noted that
the site, as a producer of noise, was required to have a
Construction Noise Permit, issued by EPD that stipula-
ted a maximum permissible noise level. The monitoring
of noise levels demanded close attention since passing
cars or air conditioners from nearby residences could
easily influence the monitoring results. 

Air Quality Monitoring
One air quality monitoring station was erected directly
next to the site. This station was mainly meant to
monitor the dust emissions from the site. Measures
taken to reduce the emissions consisted of spraying all
site roads using water tank wagons and covering all
stockpiles of materials.

Coral monitoring 
Around the site, but especially near the West Po Toi
marine borrow area, various types of coral are found. 
In order to monitor and protect these corals, a monitor-
ing scheme was devised consisting of regular dives by
a marine biologist accompanied by a diving team.
During these dives a fixed route over the coral colonies
was set out and the condition of the corals was
recorded in writing, with photographs and on film. 

from a diving team. The screen received daily
maintenance work, which was intensified after periods
of heavy weather. Also the navigation lights as fixed to
the screen needed attention from the maintenance
team. Maintenance often meant replacement since
these lights were frequently stolen. An unintended
consequence of the silt screen was that the site
became a collection point for floating rubbish, brought
in by the tidal currents. During the weekly cleanup of
the shoreline, up to two container loads of rubbish
were collected.

Water quality 
The water quality was monitored around the site and
especially at sensitive areas like the fish farms in Ma
Wan, the water intakes of the marine life park of Ocean
Park, and the residential area at Discovery Bay.

Three times per week and during certain periods daily,
dedicated monitoring teams sailed out to the measure-
ment locations to take water samples for analyses
onboard and in the laboratory. In addition to visual
monitoring, the parameters that were measured during
these sessions were: temperature, salinity, turbidity,
suspended solids, dissolved oxygen, and chemical
components. At the most sensitive areas around the
site, continuous monitoring systems were installed that
measured various parameters and sent the data
“online” to computer systems onshore.

Penny’s Bay Reclamation Phase 1: Fairytale in Hong Kong

Figure 8. Overview of environmental monitoring locations



Eagles and dolphins 
Environmental observers kept track of the movements
of local wildlife, and two species in particular: the pink
dolphin and the white-bellied sea eagle. They reported
twice a month. The observers spotted the dolphins near
the silt screen, where they tried to socialise with the
observer’s vessel. A magnificent bird and one of the
most interesting creatures on site was the white-bellied
sea eagle. The birds did not seem to be negatively
influenced by the construction works and new chicks
were spotted during the sessions (Figure 9 and 10). 

In general, it is important to note that environmental
monitoring sessions and reporting produced a tremen-
dous amount of data and constituted a significant
aspect of the execution of the project. Environmental
reports alone provided a full-time job for ten staff and
used up some ten tonnes of paper per year.

Conclusion

As in many projects of this size and nature, the work
for the reclamation of new land for the international
Theme Park in Hong Kong was divided into phases.
Each phase had its own delivery date, defined in the
contract, involving a number of milestones and hand-
over dates. 

The work on the future Hong Kong Disney Theme Park
was divided into six phases (Figure 11). Each was
completed and handed back to the client within its
contractual period. As was the case for most of the
works executed in Hong Kong, the next contractor
started work on the newly reclaimed land only hours
after handover of each of the areas.
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Figure 9. Dolphins liked to socialise with the observers. Figure 10. White bellied sea eagles were amongst the animals

monitored.

Figure 11. The six phases of the development of the Hong Kong theme park area.



Alternative Particulate Control Option for Sediment Removal
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cially developed Cable Arm equipment and operating
procedures during the dredging operation. In addition,
turbidity will be continuously monitored at the mobile
Data Control center during dredging at select locations
and depths in the project area to verify that turbidity
does not exceed a specified NTU above background
turbidity at a specified distance from the dredge cell. 

The Alternative Dredging Particulate Control Option
utilises an environmental dredging system, which
consists of: a crane barge; a material holding barge; 
a material transfer barge; a mobile dredge cell; 
an operator trained in Cable Arm standard operating
procedures; a Cable Arm environmental clamshell
bucket with associated rigging including open/close
alarms and depth sensors; real-time ClamVision bucket
positioning software; a bucket wash tank; inclined
particulate surface collection screens; secondary
subsurface spill transfer containment installed in the
dredge cell to allow the transfer of bucket contents
between the water and the material holding barge; 
and deck spill containment from the holding barge to
the transfer barge (Figure 1).

The primary means of particulate control in the water
column is this environmental clamshell bucket. Sediment
re-suspension is controlled by a trained and experienced
operator using a Cable Arm environmental clamshell
bucket in conjunction with real-time precision ClamVision
bucket positioning software within a dredge cell. 

Secondary turbidity controls used to provide further
controls on sediment re-suspension include: 
– a secondary subsurface spill containment pan 

attached to the dredge cell to capture spillage of
dredged material as the bucket is lifted upward 
from the water to the holding barge; 

– a wash/rinse tank to submerge the clamshell bucket
prior to its downward cycle to minimise any 
re-suspension of sediment from the bucket itself; 

– inclined particulate surface collection screens 
attached to the dredge cell to capture fugitive 
re-suspended sediment;

– a deck containment corridor for transferring material
from the holding barge to the transfer barge.

Abstract

An “Alternative Particulate Control Option” that will
minimise generation of suspended solids when
dredging in waterways where flow caused by natural
current, tide or storm events does not permit the use
of stationary silt curtains has been proposed by Cable
Arm, Inc. This article explains this alternative method
for controlling turbidity that eliminates the need for the
deployment of a silt curtain.

Introduction

Silt curtains employed in water flow exceeding 2 feet/
second generate excessive turbidity because of bottom
scouring (see “Impact of 1996 Cole Drain Area, Conta-
minated Sediment Cleanup on St. Clair River Water
Quality”, P.B. Kauss and P.C. Nettleton of the Ontario
Ministry of the Environment [April, 1999]). 

The “Environmental Dredging” portion of bid
documents typically specify the use of a floating barrier
curtain assembly with filtration media extending the full
depth of the water column. Important considerations
related to the use of a silt curtain at a project site include
installation (most likely requiring pile driving), cost of 
the filter media, clogging, storm-generated or wind-
generated wave action, and silt curtain stability during
tidal ebb and flow. An important, but frequently over-
looked, problem with bottom-anchored silt curtains is
that under tidal fluctuations or storm or heavy wind
conditions, scouring of the sediment bottom occurs
which results in the release of suspended sediment in
the form of turbidity. Environmental dredging at White
Lake, Michigan (off Lake Michigan) in 2003 indicated
that environmental dredging using a mobile dredge cell
and environmental clamshell bucket could generate
less turbidity than an anchored silt curtain scouring the
sediment bottom known as the Venturi effect.

ALTERNATIVE PARTICULATE CONTROL OPTION

The Alternative Particulate Control Option proposed
here provides equal or better environmental protection
from re-suspended sediment through the use of spe-

Alternative Particulate
Control Option for
Sediment Removal
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Secondary spill containment
A secondary subsurface spill containment, resembling a
metal sediment catch basin, provides secondary contain-
ment for preventing material spillage from the bucket
resulting from equilibrium changes in the bucket from
water to the air, or from possible incomplete closure. 

Wash/rinse tank
A wash/rinse tank is used to remove all sediments ad-
hering to the bucket surface (interior/exterior) following
sediment discharge to the receiving barge and prior to
the start of the each bucket cycle. This simple approach
is effective in removing sediment clinging to the bucket
that would typically be resuspended during the bucket’s
next descent into the water column.

Inclined particulate surface collection screens
Two inclined particulate surface collection screens are
attached to the dredge cell as an innovative turbidity
control device. The barge is positioned in the direction
of the flow of the current so that the inclined particulate
surface collection screens capture fugitive re-suspended
sediment. In addition, the inclined screens also capture
re-suspended sediment from tidal fluctuations. 

Deck containment corridor system
In order to address the problem of shallow draft barge
access to the shore for off-loading of dredged material,
the dredged material is transferred from a holding barge
to a transfer barge. This allows continual dredging
without downtime if only one barge is used to both
hold the material and offload the material. However,
during the transfer of material from the holding barge to
the transfer barge, an innovative deck containment
corridor with sides is used to contain any spillage from
the bucket. This is another measure to ensure that
sediment is controlled during the dredging operation at
the project site. 

Turbidity monitoring during dredging
To verify the control of re-suspended sediment, turbidity
will be continuously monitored inside and outside of
the dredge cell. The dredge operator has access to real-
time turbidity data from all monitoring stations and can
adjust the operational procedure (cycle time, cleaning
and so on) to insure that the turbidity readings in NTUs
do not exceed the specified background level. 

CASE STUDY

In July 2004, the Alternative Particulate Control Option
to minimise suspended sediment was used for dredg-
ing approximately 6,000 cubic yards of contaminated
sediment from the Longbranch Cut of the St. John’s
River in Jacksonville, Florida, USA. Precursors of this
method were successful at the Dow Canada site near
Sarnia, Ontario, at 25 ft below the surface of the water
in a 5 ft/sec current in the St. Clair River and later at a
site in White Lake, Michigan, USA at 60 ft below the
surface of the water, where up to 3 cubic yards (1%) of
sediment were removed from the wash tank at the
end of a 10 hour dredging day (using a 4.5 cubic yard
bucket). 

The success of the dredging project at Jacksonville,
Florida was measured by real-time turbidity monitoring
of the water column within the Data Control center, 
the removal of contaminated sediment from a pre-
determined project boundary, and confirmatory
sediment sampling verifying that the sediment clean-up
criteria had been met. 

Using an environmental clamshell bucket operated by 
a trained operator and real-time precision bucket
positioning software were the major factors in the
successful removal of the contaminated sediment from
the project site. However, implementing secondary
turbidity controls as outlined above, all contributed to
minimisation of re-suspended contaminated sediment.

Conclusions

The Cable Arm environmental clamshell bucket is the
primary means of controlling sediment re-suspension.
Secondary means of controlling sediment re-suspension
include: (1) a secondary subsurface spill containment
system; (2) a wash or rinse tank; and (3) a deck contain-
ment corridor used during transference of material.
Quality assurance/quality control procedures are used
that meet all applicable requirements.

The Alternative Particulate Control Option eliminates
the need for the use, handling, and maintenance of an
expensive silt curtain that may itself contribute to
turbidity as a result of scouring of the sediment bottom
(Venturi effect). Using this design, contaminated sedi-
ments can be dredged without a silt curtain in waterways
where flow velocity exceeds 2 ft/sec. 

Environmental dredging using the Alternative Particulate
Control Option benefits the marine environment by
removing contaminated sediment and assisting in the
recovery of fish and wildlife impairments. It also benefits
site owners of contaminated sediment by providing 
a cost-effective alternative to the use of traditional, 
but expensive, silt curtains.  
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Figure 1. The environmental bucket releasing sediment into

the holding barge during July 2004 dredging operations in

Jacksonville, Florida.



According to the authors the emphasis of the book has
shifted to follow the major developments, which have
taken place since the early 1980s. General cargo
throughputs have decreased dramatically as many
more commodities are now containerised. The increa-
se in DWT sizes of crude oil tankers and dry bulk
carriers seem to have stagnated, but the percentages
of very large bulk carriers have continued to increase.
Carrying capacities of container ships have continued 
to increase, and the beam of container ships is no
longer governed by the width of the Panama Canal.
The authors have made a major effort to make the
book as relevant as possible to the current conditions 
in the field.

The book is very comprehensive and presents a very
wide array of subjects, some of which are more detailed
than one might think possible in a work of this size. 
The new sections on environment, dredging and 
MARPOL are particularly valuable and well presented.
An appreciation of the nature and content is best shown
by a summary of the contents. Chapters titles include:
Facilities requirements; Determination of facilities
requirements for container terminals by a hybrid
approach consisting of computer simulation, analytical
and empirical solutions; Economic and financial
feasibility; Ships and their influence on port facilities;
Access channels and basins; Breakwaters; Berth and

Planning and Design of Ports and Marine Terminals,
2nd Edition
Thomas Telford Publishing,  London, UK. 2004.
Hard cover, 234 x 156mm, 446 pages, illustrated,
index. ISBN: 0-7277-3224-2. £75.00. 

Hans Agerschou, et al. 

The first edition of this work was published in 1983 and
was reprinted with corrections in 1985. This new edition
is edited by Hans Agerschou, who also authored a
significant portion, and has a cadre of experts in the
field contributing to the various subjects and chapters.
The authors state that the book is not intended as a text
book for undergraduate engineering students, rather
they intended it for graduate students as well as for
practicing engineers and planners, port administrators
and operators. The book covers new areas and topics
that bring new developments and techniques to the
reader. Specifically, new areas and topics include:
– A transparent outline of determination of facilities

requirements for container terminals using a hybrid
approach;

– A brief outline of financial responsibility; 
– A detailed analysis of the more important categories

of the world fleet ships, based on statistical material
acquired from Lloyd’s Register;

– High-speed ferry terminals;
– Fishing ports;
– Environmental considerations;
– Dredging and disposal of contaminated sediments;
– MARPOL;
– Mathematical models;
– Case studies concerned with new ports and port

extension.

Clearly the authors have made a major improvement to
the earlier edition and the present work reflects con-
temporary science and engineering aspects. Each of
the chapters is followed by its own list of references, a
valuable consideration in its own right. Examination of
the references confirms the authors’ attempts to use
current technology as well as the basic technology
from the earlier edition.
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terminal design in general; Storage facilities and cargo-
handling systems; Berth and terminal structures design;
Environmental considerations; Dredging and disposal of
contaminated sediments; MARPOL; and two appendi-
ces Mathematical Models and Case studies concerned
with new ports and port extensions.

Chapter 8 is particularly comprehensive in that it covers
general cargo berths, container terminals, roll-on/roll-off
terminals, ferry terminals, high-speed ferry terminals,
liquid-bulk terminals, dry-bulk terminals and fishing
ports, literally covering the waterfront. The two appen-
dices are also valuable additions, mathematical models
reflecting the state-of-the-art in considering the factors
related to offshore waves, nearshore waves, wave
disturbance, wave forces on structures, water levels,
currents and sedimentation. Finally, case studies
always play a particularly useful role in bringing the
reality of actual projects into perspective.  

In summary, this book is a worthwhile addition to the
literature and should serve the readership that the
authors intended very well.  

Port Designer’s Handbook: Recommendations and
Guidelines
Thomas Telford Publishing, London, UK. 2003.
Hard cover, 234 X 156 mm, 548 pages, illustrated, 
index. ISBN: 0-7277-3228-5. £95.00.

Carl A. Thorensen. 

The Foreword in the book, written by Øyvind Stene,
Director General of the Norwegian Coastal 
Administration captures the essence of the book;
namely, “to give colleagues around the world an
opportunity to study Norwegian practices and solutions
in the design and construction of ports, from traditional
berth structures to complicated oil and gas berths.”
The author states that it his hope that the book will
make a readable and useful handbook and a practical
guide for port engineers for the design of port and
harbour structures. The author has over 40 years of
experience in practical engineering and research for
more than 500 port and harbour projects, in Norway and
other countries. This handbook updates and earlier
edition by the same author published in 1988.

The organisation of the book is logical and is divided
into 22 chapters. Each chapter is followed by a list of
references and/or recommendations for further
reading, a useful feature for those who wish to expand
on the subjects presented in the handbook. The table
of contents gives a sense of the scope and breadth of
the material contained in the handbook. The Chapters
include: 1) Port Planning; 2) Environmental forces; 
3) Channels and harbour basins; 4) Berthing requirements;
5) Impact from ships; 6) Design considerations; 

7) Safety considerations; 8) Types of berth structures;
9) Gravity-wall structures; 10) Sheet pile wall structures;
11) Open berth structures; 12) Berth details; 
13) Container terminals; 14) Fenders; 15) Erosion pro-
tection; 16) Steel corrosion; 17) Underwater concreting;
18) Concrete deterioration; 19) Concrete repair; 
20) Ship dimensions; 21) Definitions; and 
22) Conversion factors.

Although the handbook is comprehensive and covers a
wealth of information regarding port design, it was a
little disappointing to have such important subjects as
environmental impacts and mitigation in the design
phase, and issues related to capital and maintenance
dredging and the provision for long term disposal
facilities for dredged material. These issues are
especially troublesome when not properly addressed 
at the earliest phases of port design.

Nonetheless, the book does contain a substantial
amount of relevant information that is vital to the port
designers and their clients. The initial chapter on port
planning is an excellent preview of the rest of the
handbook and an effective listing of factors and aspects
related to all phases of port development. It would
seem that some of the chapters are quite specific with
regards to the subject matter, but experience shows
that failure to consider such specifics are often over-
looked and result in costly failures in the life of a port
facility.  

The handbook is well written and reads easily, a feat
not always met by technical authors. The table of
contents and index are sufficiently detailed as to make
the book an effective reference tool. The graphics and
tables are well arranged and supplement the written
material quite effectively. The handbook reflects the
excellent quality of the publisher and is a valuable
addition to the technical literature. Certainly anyone
who has the slightest role in port design and operation
should find this a worthwhile addition to their library.

Both these publications can be obtained from:

Thomas Telford Publishing Ltd.
1 Heron Quay, London E14 4JD, United Kingdom

ASCE Press
1801 Alexander Bell Drive
Reston, Virginia 20191-4400 USA

Maruzen Co. Ltd., Book Department
3 – 10 Nihonbashi 2-chome 
Chou-ku, Tokyo 103, Japan 

DA Books and Journals
648 Whitehorse Road
Mitcham 3132, Victoria, Australia
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suppliers to the ports industry. Suggested topics
include: paving, lighting, quay and breakwater design,
fender systems, dredging, impact of larger ships on
port infrastructure and environmental issues.
An exhibition for manufacturers and suppliers of 
port and terminal equipment will complement the
conference. Also a technical visit is scheduled.

For further information contact:
Millennium Conferences International Ltd., 
“Chantry House”, 156 Bath Road, Maidenhead, 
Berkshire SL6 4LB, United Kingdom
tel. +44 1628 580 246, fax +44 1628 580 346
email: PPTT2004@millenniumconferences.com
www.millenniumconferences.com

Seminar on Environmental Aspects of Dredging
PAO Civil Engineering and Construction

Delft, The Netherlands
October 28-29 2004

Dredging is a necessary activity in society’s develop-
ment. Under the right circumstances it is also a very
useful tool for remedying past environmental interfer-
ences. By its very nature, however, the act of dredging
and relocating dredged material is an environmental
impact. It is, therefore, of the utmost importance to be
able to determine whether any planned dredging will
have a positive or negative impact on our environment. 

This two-day Seminar gives an overview of the
environmental aspects of dredging and state-of-the-art
dredging techniques. Topics included are:
– Players, Processes and Perspectives;
– Conventions, Codes and Conditions: 

Marine Disposal and Land Disposal;
– Investigation, Interpretation and Impact;
– Machines, Methods and Mitigation;
– Reuse, Recycle or Relocate,
– Effects, Ecology and Economy
– Frameworks, Philosophies and the Future.

Case studies will be used to get a full understanding of
the scope of the environmental aspects of dredging

World Dredging Congress XVII
CCH - Congress Centrum, 

Hamburg, Germany
September 27-October 1 2004

Every three years leading experts meet in a different
part of the world for the World Dredging Congress
(WODCON). The congress is held under the auspices
of the World Dredging Association which is comprised
of the WEDA, CEDA and EADA. In 2004 it will take
place in Hamburg, organised by CEDA on behalf of
WODA, and co-sponsored by the Ministry of Economic
Affairs, Free and Hanseatic City of Hamburg, and the
Department of Port and River Engineering and the
Shipbuilding, Machinery & Marine Technology 
International Trade Fair (SMM 2004) which will run
simultaneously. The theme of the conference will be
“Dredging in a Sensitive Environment”.

The programme will consist of Technical sessions 
with high quality peer-reviewed papers and a special
Environment Day. An Academic session, with 
contributions by young scientists, continues CEDA’s
support of young professionals. Technical visits in and
around Hamburg including views of the Port of 
Hamburg are planned. An IADC Young Authors Award
will be presented to the best paper by an author
younger than 35 years of age.

For further information contact:
www.woda.org or CEDA, P.O. Box 488,
2600 AL Delft, The Netherlands
tel. +31 15 278 3145, fax +31 15 278 7104
email: ceda@dredging.org
www.dredging.org

Port & Terminal Technology 2004
Amsterdam, The Netherlands

October 19-20 2004

This conference on port and terminal technology is
especially designed for engineering departments from
port authorities, terminal operators, consultancies,
dredging contractors, maritime construction firms and
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projects, the management of dredged material, and
effects of environmental guidelines.

The Environmental Seminar is a joint effort of the
International Association of Dredging Companies (IADC)
and the Central Dredging Association (CEDA). It is part
of the curriculum of PAO Civil Engineering and Con-
struction, the foundation for postgraduate education of
the Technical University of Delft in The Netherlands. 
The Seminar is aimed at consultants in dredging related
industries, and professionals from different governmental
bodies such as municipalities, district water boards,
ports and harbour authorities and central government. 

Course material includes the seven book series of
Guides entitled “Environmental Aspects of Dredging”.
The course fee is € 790, including these books, lecture
notes, coffee, tea and lunches. Travel costs and lodging
are not included.

For further information contact:
PAO Civil Engineering and Construction
P.O. Box 5048, 2600 GA Delft, The Netherlands
tel. +31 15 278 4618, fax +31 15 278 4619
email: info@pao.tudelft.nl
www.pao.tudelft.nl

HYDRO4 
Galway, Ireland

November 2-4 2004

The Hydrographic Society, presently devolving into the
International Federation of Hydrographic Societies (IFHS),
is to hold its 14th biennial international symposium in
Galway, Ireland from 2-4 November 2004. Proceedings,
which will also include a major exhibition of equipment
and services, workshops, field demonstrations and
anticipated visits by specialist survey vessels, are being
co-sponsored by several leading international survey
and maritime organisations.

The main theme of the symposium is “Diversity”. 
The aim is to provide a forum for addressing the use of
hydrographic expertise for non-traditional survey appli-
cations in new seagoing operations, while conversely
exploring potential benefits for exploiting non-traditional
survey techniques within the hydrographic profession
itself. Related technical issues and topics will include:
Bathymetry, Coastal Zone Management and Protection,
Data Acquisition and Management, Electronic Charting,
GIS and Positioning.

For further information contact:
Hydro4, 74 Callington Road, Saltash, 
Cornwall PL12 6DY, UK 
tel. +44 (0)1752 843461, fax: +44 (0)1752 848267 
email: hydro4@hydrographicsociety.org

Rotterdam Maritime
Ahoy Exhibition Centre

Rotterdam, The Netherlands
November 16-20 2004

The Rotterdam Maritime trade fair is a leading event 
for all those involved in inland shipping, the short-sea
market, the dredging industry, ocean shipping, 
and commercial fishing as well as port development
and management. It will focus on new (international)
construction, all types of innovative equipment as well
as maintenance and repair, environment and waste
processing and safety issues. 

For further information contact:
Ahoy Exhibition & Event Management
PO Box 5106
3008 AC Rotterdam, The Netherlands
tel. +31 10 293 3250, fax +31 10 293 3218
email: info@rotterdammaritime.nl

International Conference on Coastal Infrastructure 
Hong Kong

November 22-24 2004 

The International Conference on Coastal Infrastructure
Development – Challenges in the 21st Century, jointly
organised by the HKIE Civil Division and Works Branch
of the Environment, Transport and Works Bureau, 
The Government of the Hong Kong SAR aims at
providing a forum for sharing knowledge, experience
and creative ideas among worldwide engineers,
academics, environmentalists, developers and financial
managers in delivering coastal infrastructure projects
with due consideration of the technical, social,
environmental and financial perspectives. A number of
panel discussion sessions with invited speakers will be
organised to address current issues related to coastal
infrastructure development. 

For further information contact: 
www.hkie.org.hk/cv/COASTAL2004
email: conf3@hkie.org.hk 

International Conference on Remediation of
Contaminated Sediments

Sheraton New Orleans Hotel, 
Louisiana, USA

January 24-27 2005

This is the third Conference on the Remediation of
Contaminated Sediments, which is held biennially and
was previously held in Venice, Italy. The theme of the
2005 conference is “Finding Achievable Risk Reduction
Solutions”. The programme encompasses remediation
approaches, sediments management considerations, 
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Call for Papers
Second International Coastal Symposium

Nÿheimar Cultural Center,
Höfn, Town of Hornafjördur, Iceland

June 5-8 2005

The theme of the symposium covers various aspects
of marine technology with the emphasis on the follow-
ing subjects: Tidal entrances; Coastal geophysics;
Coastal structures; Wave climate; and Safety at Sea.
Authors are invited to submit abstracts no later than
October 1 2004. The abstracts, written in English,
should contain the title of the paper, authors and their
affiliations, all addresses, keywords, main subjects and
references and should be about 2 pages including
figures and references. Authors will be notified of
acceptance by December 1 2004, and full papers
should be submitted no later than April 1 2005.

Information, news and updates can be found at the
website or for further information contact: 
Congress Reykjavik, Engjateigur 5
IS-105 Reykjavik, Iceland
tel./fax +354 585 3900
email: gisli@sigling.is, www.sigling.is

International Conference on Port-Maritime
Development and Innovation

World Trade Center, Rotterdam, 
The Netherlands

September 5-7 2005

The conference is the first jointly organised by the
Maritime and Port Authority of Singapore and the Port
of Rotterdam. It is a follow up on the conferences Port
and Maritime R&D and Technology held in Singapore in
2001 and 2003. The objective is “to stimulate innova-
tion in port and maritime management, operations and
development through the presentation oand exchange
of the results of applied research and technologies”.
Themes include Port Planning and Design, Port and
Marine Enviornment, Port Related Maritime Operations,
Port Security and Port Related Transport, Handling and
Logistics. Closing date for Abstracts of 300 words is
September 30 2004. A pre-registration form can be
found on www.portofrottedrdam.com. Authors will be
notified of acceptance of the paper by the end of
December 2004. Full papers should be submitted by
June 1 2005.

For further information contact:
Port of Rotterdam, Mrs Deibel
PO Box 6622, 3002 Rotterdam, The Netherlands
tel. +31 10252 1311, fax +31 10 252 1020
email: secretary-tc@portofrotterdam.com

policies and guidelines that affect decision-making, the
definition of remediation success, and lessons learned.
There will be a full conference program with panel/
roundtable discussions. Also short courses will be
offered and organisations that supply the remediation
industry with services or equipment are invited to exhibit. 

For further information contact:
The Conference Group
tel. +1 800 783 6338 or +1 614 488 2030,
fax +1 614 488 5747
email: info@confgroupinc.com
www.battelle.org/sedimentscon

24th IAPH World Ports Conference
Shanghai International Convention Center, 

Shanghai, China
May 21-27 2005

This is the first IAPH conference to be held in China
and it will be the official celebration of the IAPH’s 50th
anniversary. The theme of the conference will be 
“The Challenges and Opportunities Facing the World’s
Ports”. There will be six working sessions including:
Impacts of Globalisation on Development of Port and
Shipping Industry; Port Development Strategies; 
Port security; Diversified port investment; Environment
and dredging projects; and Maritime innovation.

For further information contact:
International Association of Ports and Harbors
7th Flr. South Tower New Pier, Takeshiba
1-16-1 Kaigan Minato-ku, Tokyo 105-0022 Japan
www.iaphworldports.org

Europort 2005 
RAI Conference Centre

Amsterdam, The Netherlands
November 15-18 2005

The next Europort will take place in Amsterdam in
November 2005 and will once again feature the Marine
Equipment Trade Show (METS) as well as various
maritime trade association meetings. Europort, which
takes place every two years, remains one of the
premier events for all aspects of the maritime industry
both nationally and internationally.

For further information contact:
Amsterdam RAI, PO Box 77777
NL-1070 MS Amsterdam, The Netherlands
tel. +31 20 549 1212, fax +31 20 644 5059
www.europort2005.com

Seminars/Conferences/Events – Call for Papers
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Highlights of the programme are: 

Day 1: Why Dredging?
The Need for Dredging/Project Phasing

Day 2: What is Dredging?
Dredging Equipment/Survey Systems 
(includes a Site Visit) 

Day 3: Cost/Pricing and Contracts
Day 4: Preparation of Dredging

Contract
Day 5: How Dredging?

Dredging Projects

The costs for this intensive one-week course will be
approximately € 3950.00. This will include hotel
accommodations for six nights, breakfast and lunch
daily, one special dinner, and a general insurance. 

The educational value of the seminar for participants 
is well documented. All participants receive a
comprehensive Manual and at week’s end attendees
are presented with a Certificate of Achievement in
recognition of completion of the course.

New Seminar — February 2005

Each year the IADC organises a week-long International
Seminar on Dredging and Reclamation featuring 
presentations by top-level professionals from the 
industry. In the past the course has been held in 
Singapore, Delft, Dubai (UAE) and Buenos Aires 
with great success. In response to recent enquiries,
the 2005 Seminar will be held either in the Middle East
or the Mediterranean region.

Needless to say, as dredging is a growing, dynamic
industry the Seminar programme and manual have
been updated continuously. The 2005 Seminar 
reflects the state-of-the art technology of the industry,
emphasising information about the most modern
dredging methods, high-tech equipment and vessels,
and environmental monitoring.

In addition to the lectures by experts and “hands-on”
workshops, participants will be treated to a site visit on
a dredging vessel to see a local dredging project. 

International Seminar on
Dredging and Reclamation

(please print)

Name ..........................................................................................................................................................................

Title ..........................................................................................................................................................................

Company ..........................................................................................................................................................................

Address ..........................................................................................................................................................................

..........................................................................................................................................................................

Tel. ................................................................................... Fax ...............................................................................

E-mail ..........................................................................................................................................................................

Signature .............................................................................................................. Date ................................................

If you are a representative of a port authority, a dredging company or
consultancy interested in further information about the details of the upcoming

Seminar, please fill in the form below and return it as soon as possible to: 

IADC Secretariat, P.O. Box 80521, 2508 GM The Hague, The Netherlands;
tel. +31 70 352 3334, fax +31 70 351 2654; email: info@iadc-dredging.com
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TOA (LUX) S.A., Luxembourg

Van Oord N.V., Rotterdam, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Wasserbau ACZ GmbH, Bremen, Germany
Westminster Dredging Co. Ltd., Fareham, United Kingdom

Membership List IADC 2004
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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