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EDITORIAL

It is easy to take for granted the constant and diligent research and 
development going on in the private dredging industry. The world is used to 
seeing mega-projects arise out of the sea without stopping to think how these
amazing feats are achieved. So we pause now to say thank you to the researchers,
scientists and engineers who are continually looking for more efficient, 
economically viable and environmentally sound methods to improve the 
infrastructure. The energy and ideas of these people keep the private dredging
companies on the cutting edge of the industry. They make it possible for the 
creation of new land for housing and recreation, better harbours, new pipelines for
oil and gas, improved roads and railways “bridging” the gaps between countries,
and they even help create new means of clean energy such as windmill parks at
sea.

For that reason, as the old year ends and the new year begins, Terra et Aqua is
pleased to publish two articles which embody this spirit of innovation. The first
article is a paper that was presented at the PIANC Conference in Sydney, 
Australia and is the recipient of an IADC Award in 2002 for the best paper by a
younger author at a designated conference. It describes a system for improving 
the means of dredging stiff clays — often a slow-moving, nasty task — here made
more efficient by this newly patented method. The second article describes the
preparation of the “IJburg”, new land for the city of Amsterdam, using a special
technique of spraying thin layers of sand. The article provides valuable 
information for future land reclamation projects. In addition, the significance 
of the technical description is enhanced by the beauty of a photographic book on
the “IJburg” which is reviewed on page 32. If you’re looking for a holiday gift for 
a dredging friend, this is the one.

Speaking of original initiatives in the field of dredging: a reminder to take a
look at the new website “www.dredgeline.net”. A joint effort of IADC, VBKO,
OPL and CEDA, this online bibliographic reference system brings together a vast
body of worldwide dredging knowledge. It’s up and running and growing with
important information every day. 

Robert van Gelder
President, IADC Board of Directors



busiest waterways like the Wielingen and when the
dredging area is exposed to rough sea conditions, 
an alternative has to be studied. When a stationary
dredger is used, the operational time would be reduced
by interruptions in order to clear the dredge area for 
passing ships. Owing to the exposed nature of the
dredge area a seagoing dredger would be necessary
and even then the operational time would be limited
because of the number of stops owing to bad weather
and rough seas.

The patented DRACULA® system (DRedging And
Cutting Using Liquid Action) offers a solution. The
DRACULA® system integrates high-pressure waterjets
in the draghead of a conventional hopper dredger. As a
result of the waterjets a number of classic problems
when dredging clay are overcome. The clogging of the
draghead was reduced, almost eliminated. The pene-
tration of the draghead was no problem and there were
no propulsion limitations for the hopper dredger, thus a
normal trailing speed could be maintained. The overall
pipe production during dredging was also increased. 

This paper will describe the use of the DRACULA®

system and the experiences during the deepening of
the Wielingen where “Bartoen clay” was dredged. 

THE CONTRACT

The contract consisted of deepening and maintaining
the access channel to the port of Antwerp with about
1.5 to 2 metres up to an average depth of H –15.4
metres over a width of 500 metres. This job had to be
done as part of the 48-feet programme in the Dutch
part of Wielingen. The 48-feet programme will allow
ships with a draft of 48 feet to reach the port of
Antwerp within one tide. This will give the shipping
movements to Antwerp more flexibility and make all
ship movements less tide-dependent. 

Abstract

Dredging stiff to very stiff clay with a hopper dredger
has always given a number of operational problems
resulting in reduced or limited production. Thus when
the dredging of clay was required, mechanical and
stationary dredgers such as a cutter, clamshell or
bucket dredger were used. However, when the
dredging area is an extremely busy waterway and
when the dredging area is exposed to rough sea 
conditions, an alternative had to be considered. 

The patented DRACULA® system (DRedging And
Cutting Using Liquid Action), which integrates high-
pressure waterjets in the draghead of a conventional
hopper dredger, offers a solution. This article describes
the use of the DRACULA® system and the experiences
during the deepening of the Wielingen where Bartoen
clay was dredged. 

The author wishes to acknowledge the support of
Franky Warnier, Principal Engineer, Flemish Govern-
ment, Department Coastal Waterways, Belgium and
Elie Raes, Works Manager, Baggerwerken Decloedt
N.V., Oostende, Belgium, with this study. This paper
first appeared in the Proceedings of the 30th PIANC-
AIPCN Congress held in Sydney, Australia and is
reprinted here in a slightly adapted version with 
permission.

Introduction

Dredging stiff to very stiff clay with a hopper dredger
has always given a number of operational problems
resulting in reduced or limited production. Thus when
the dredging of clay was required, operational people
always used mechanical and stationary dredgers such
as a cutter dredger, clamshell or bucket dredger. 
However, when the dredging area is one of Europe’s
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The client was the Flemish Government, represented
by: Ministry of the Flemish Community, Department
Environment and Infrastructure, Administration 
Waterways and Seas, Section Coastal Waterways.

This part of the Wielingen channel is known as 
“GEULVAK 13“ situated between Eastings 526.655 
(3° 23’) and 533.600 (3° 29’). 

The dredging tolerances were limited to 30 cm in
minus or in plus. This means that the maximum 
dredging depth is H –15.7 metres. If this depth is
exceeded the client can demand a refill of the area to
the maximum dredging depth. The minimum dredging
depth is H –15.1 metres.

Over the total distance of approximately 7 km there
was one area of about 1.5 km with stiff “Bartoen clay”.
In the rest of the channel there were areas with a
mixture of sandy material, silt and soft clay.

The estimated volumes to be dredged during the
tender phase are shown in Table I.

Table I. Estimated volumes to be dredged during

the tender phase.

Soil type Total volume in situ (m3)

Quarternary (holocene) sand 1,100,000
Quarternary (holocene) sand en clay 20,000
Quarternary (holocene) clay 20,000
Tertiary sand 20,000
Tertiary clay (Bartoen clay) 990,000

Total 2,150,000

There were several disposal areas available. 
The disposal location is dependent on the type of soil
(see Table ll).

Table II. Location of disposal area by type of soil.

Soil type Disposal area

Sand Coast of Vlissingen
Sand Coast of Zeeuws Vlaanderen
Holocene Clay Belgian disposal area S3 or R4
Bartoen Clay Schone Waardin (Vlissingen)
Holocene Silty Sand Belgian disposal area S3 or R4

For the realisation of the capital dredging hopper
dredgers were chosen. The main problems to be
expected were the tolerances to be realised and the
dredging of the very stiff Bartoen clay. For the dredging
of the Bartoen clay one hopper dredger was equipped
with a DRACULA® draghead.

The choice of hopper dredgers was based on two
factors:
- The dredging area is very exposed to rough sea 
conditions. Working with a stationary dredger would
mean a great deal of down time, because of bad
weather conditions even when a sea-going cutter
dredger would be used. The nearest ports for shelter
are Zeebrugge and Vlissingen which are both at some
distance from the dredging area.

- Owing to the shipping traffic, a stationary dredger and
floating pipelines would obstruct passing ships. There
would be a great amount of down time as a result of
having to clear the dredging area for passing ships.

The complete dredging area was split up into different
dredging areas depending on the type of soil in the
area. This would allow optimal the use of the different
hopper dredgers in combination with the disposal areas
and the type of soil:

Sand area I: from E526.655 to E528.085
Sand area III: from E528.085 to E529.500
Clay area: from E529.500 to E531.000
Sand area II: from E531.000 to E533.600

To execute the job two types of hopper dredgers were
used:
- Hopper dredger type 8500 m3 (Antigoon) in areas with
mixed sandy soil.

- Hopper dredger type 3500 m3 (Jade River + 
DRACULA® draghead) in areas with mainly (tertiary)
clay.

SOIL CHARACTERISTICS

The soil data are based on a soil investigation campaign
executed by the Dutch Government (Rijkswaterstaat) in
1985. Based on this investigation three sub-bottom
profiles were made along the dredging area.

Holocene 
The Holocene clay varies in thickness from 20 cm on
the south side of the channel to 1 metre on the north
side. Towards the east side the clay layer is covered
with approximately 1 metre of sand.

Tertiary
The tertiary clay is located on the east side of the
dredging area and covers the full depth of the dredging
area. Some layers of sand are present between the
clay layers. This clay is the most critical soil to dredge 
in the Wielingen. Some numbers below show the
characteristics of the clay: 

In situ density �situ: 2 T/m3

Cpt: 2 Mpa
Liquid Limit LL: 55%
Plasticity Limit PL: 22%
Plasticity Index PI: 33%
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These numbers indicate that the Tertiary Bartoen clay
is very stiff and will form clayballs when pumped.

THE DRAGHEAD

For this purpose DEME has integrated high pressure
waterjets on the draghead and patented the system.
The system was named DRACULA® which stand for
DRedging And Cutting Using Liquid Action. The 
purpose of these jets is on the one hand to reduce the
resistance that the draghead has to penetrate into the
hard soil, and on the other hand to prevent the 
draghead from getting clogged with clay during 
dredging. These two facts will be described in more
detail below.

High pressure waterjets are now very commonly used
in a large number of industries. The pressures that are
used can reach as much as 3000 bar with a standard
high pressure pump. Waterjets are used for stripping
paint, cutting concrete, cutting steel plates, and so the
thought arose, why not use them to cut the soil during
a dredging process?

A study and some tests with scale models indicated
that for cutting clay in submerged conditions a pressure
of 300 to 350 bar was needed. This was only true for
conditions not deeper than 30 metres. So for the
DRACULA® draghead pressures of 380 bar were used.
This should be sufficient to cut even the hardest clay at
a trailing speed of 2 to 2.5 knots.

Reducing the cutting forces
When dredging hard soils the only force that makes 
the points of the draghead penetrate into the soil is 
the weight of the draghead and of the suction pipe.
When this is not sufficient, the draghead will not 
penetrate and will drag on top of the surface without
cutting any soil. This will result in a very low mixture
density and in a low production of the hopper dredger.

To assure a maximum efficiency of the waterjet the
nozzle had to be integrated into the points of the drag-
head. This way the waterjet will cut the soil only
moments before the point penetrates the soil. As a
result the forces needed to penetrate the soil are
reduced, and the cutting efficiency is increased.

The drawing in Figure 1 gives a cross-section of the
visor of the DRACULA® draghead and shows how the
nozzle is integrated inside the dredgepoint. For this
purpose a special hollow dredgepoint has been 
developed (Figure 2). The point has a channel inside,
through which the high pressure line is mounted.

Preventing clogging
When dredging clay the draghead will easily be clogged
with clayballs that get stuck inside the draghead 
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Stefaan Vandycke

Presented at the 30th PIANC-
AIPCN Congress, Sydney, Australia
September 22-26 2002

At the 30th PIANC-AIPCN Congress, held this past
September in Sydney, Australia, Stefaan Vandycke
was presented with an IADC Award for young
authors. This was the second time that Mr. Vandycke
as been so honored. Mr Vandycke graduated from
the University of Louvain, Belgium in1988 as an
Engineer in Electro Mechanics. He joined Pauwels
Industrial in Evergem in 1990. From 1992 to1993 he
worked at De Cloedt, Oostende and in 1993 joined
Dredging International (DI). At DI he served in a
number of positions as superintendents of projects in
Hong Kong and Germany, and is now head of the
department for special projects and new applications.

Each year, at selected conferences, the International
Association of Dredging Companies grants awards
for the best papers written by authors younger than
35 years of age. At each of these conferences, 
the Paper Committee is asked to recommend a 
prize-winner whose paper makes a significant 
contribution to the literature on dredging and related
fields. The purpose of the IADC Award programme
is “to stimulate the promotion of new ideas and
encourage younger men and women in the dredging
industry”. The winner of an IADC Award receives
US$1000 and a certificate of recognition, and the
paper is then published in Terra et Aqua.



construction. This is especially the case with softer and
more sticky clay. To prevent this, the clay should be
prevented from forming clayballs and should be cut in
to as small as possible pieces. Therefore high pressure
jets were also placed just above the points inside of the
draghead. 

The large lump of clay that is formed by the point is
immediately cut in to small pieces by the waterjet just
above. The direction of the jet is towards the suction
mouth so that the clay particles are directed towards
the suction mouth, thus preventing the draghead from
clogging (Figure 3).

Pre-cutting (ripping)
A third application of the waterjets on the draghead is
to use the waterjets as a kind of hydraulic ripper.
The waterjets are placed next to the existing low 
pressure waterjets on the heel of the draghead. 
They are directed vertically in to the soil. This gives a
similar effect as a ripper: the soil is cut by the waterjet
and will create cuts into the clay surface. The results
are that both the cutting forces of the points are
reduced because the soil is already cut and because
the clay is cut in to smaller pieces, thus the waterjets
reduce the risk of clogging.

HIGH PRESSURE PUMPS

To utilise this system, high pressure pumps were
installed on board the hopper dredger. A flexible 
system, which could be used on different hopper
dredgers, was chosen. The pumps are mounted in a
20’ container and can operate as a stand-alone unit.
Each pump is driven by a CAT 3412 DITA diesel engine
of 558 kW. The pumps have the following capacity:
759 l/min @ 380 bar. 

The pumps which were used are piston pumps so the
water has to be pumped to the high pressure pump
using an inboard centrifugal pump which feeds the
water at a pressure of ca. 8 bar. The water is then
filtered to 75� before it enters the high pressure pump.
The nozzles used were between 1.7 mm and 3.3 mm.
As the total flow is limited the nozzle diameter depends
upon the number of nozzles and upon the number of
pumps. As a rule it can be said that one pump can feed
ca. 20 nozzles of 2.0 mm. For the Wielingen, on the
TSHD Jade River, two pumps were used in parallel
operation (see Figures 4 and 5). 
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Figure 1. Cross-section of the DRACULA® draghead with jets
through the point.

Figure 2. Transparent view of the hollow dredgepoint used on the draghead.



pumps. During the project there was never a problem
with the propulsion: a trailing speed of 2 to 3 knots 
was always possible. However, the fuel rack on the
propulsion engines was logged and from these data it
was concluded that when the system was active, the
average fuel rack was 5% less compared to dredging
without DRACULA®.

The jetting location
As propulsion was no problem for the Jade River, 
the jets through the points were not really effective. 
It was observed that the most important increase in
pipe production (27%) occurred when the jets in the
visor together with the jets on the heel were active.

At these operational conditions the water under 380
bar is leaving the nozzle at a speed which can reach
250 to 300 m/s. This creates a hydraulic cutting power
sufficient to cut the stiff clay layers in the soil. The
pumps are placed on deck and the high pressure water
is fed to the draghead by flexible lines on the suction
pipe. As the flow is limited, the flexible lines have a
small diameter and are easy to manipulate.

.RESULTS

During the dredging of the Wielingen an intensive
monitoring programme was set up to determine the
effectiveness of the DRACULA® draghead. 
The following parameters were monitored:
- the influence of the jets on the pipe production;
- the influence of the jets on the cycle production;
- the influence of the jets on the propulsion power; and
- the influence of the jetting location.

The pipe production
Depending on the jetting location, the pipe production
of the Jade River increased between 15% and 27%.

The cycle production
An exact figure is hard to determine but it was clear
that when the system was not operational, the 
draghead tended to clog quite quickly. This meant that
the dredging operation had to be stopped to clear the
draghead. When the jets were on, no clogging of the
draghead was observed. The DRACULA® system
reduced the down time considerable.

Propulsion power
The TSHD Jade River has a great deal of propulsion
power (2 x 1730 kW), independent from the dredge

Dredging Stiff to Very Stiff Clay in the Wielingen Using the Dracula® System on a Hopper Dredger

Figure 3. Cross-section of the DRACULA® draghead with jets
inside the visor.

Figure 4. Photo of the DRACULA® draghead on the TSHD Jade River.



Accuracy
As the dredging tolerances were only +/– 30 cm, which
is very little for a job with a hopper dredger, there was 
a risk that in the hard clay areas some tracks would be
formed by the draghead. This would have resulted in
local overdepths. As a result of the DRACULA® system
and an adapted working method this was not the case.
Figure 6 shows the final survey of the dredge area.

Conclusions

During the project to deepen the Wielingen, based on
previous experiences in Liepaja (Latvia), DEME used for
the first time on such a big scale the new patented
DRACULA® system on a hopper dredger. The results
when dredging the very stiff clay were very successful
and after solving some technical problems the system
proved to be operational on a hopper dredger. 

Further tests will be executed for dredging harder soils
such as cemented sand using a hopper dredger as an
alternative for a stationary dredger like a cutter dredger
or bucket dredger.

The results from the Wielingen project proved that for
dredging stiff to very stiff clay a hopper dredger is now
a possible alternative instead of a stationary dredger.
The typical problems that occur when dredging clay
with a hopper dredger are largely solved by the 
DRACULA® system.

The deepening of the Wielingen was executed in nine
weeks in total using the hopper dredgers Antigoon and
Jade River. During the tender phase the total duration
of the job was estimated at 19 weeks using the same
hopper dredgers. The success of the project was
largely obtained by using the DRACULA® system on
the Jade River to dredge the stiff clay.
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Figure 5. TSHD Jade River with the high pressure pumps.

Figure 6. General view of the dredging area with the final survey data.



This method combined the excavation of sand needed
for the reclamation and the deepening of an existing
shipping lane into one simple “train” of dredging 
activity. The problem that had to be solved was the
presence of a large volume of clay overburden on top
of the sand. This clay had to be removed, but no areas
or basins for temporary storage were available in the
near vicinity. Through the so-called “clay relocation
method” this problem was solved.

Thanks go to Dick Sellenraad at Aeroview B.V., 
Rotterdam for the aerial photographs of the IJburg
project in progress.

Introduction

The demand for new housing areas in the Amsterdam
region is high: about 100,000 houses will have to be
built between 1995 and 2005. The region has limited
space available for housing, however, and new options
have to be weighed constantly. In the 1960s and 1970s
there was a housing construction boom in growth
centres in the vicinity of Amsterdam, like Purmerend,
Hoorn and Almere. These growth centres are situated
at a distance of 15 to 30 kilometers from Amsterdam
and are home to many residents. Since many of them
commute to Amsterdam for work, the overspill has
caused traffic jams. In spite of improvements to the
public transport system and expansion of the road
structure, traffic jams remain a persistent problem.
Besides causing delays and aggravation, they also are
an increasing source of pollution. This overspill has also
led to de-population of the city. 

Consequently, in the 1980s, emphasis shifted to 
construction within the city. In the past few years,
Amsterdam has built many new houses in urban
renewal districts, former industrial estates and harbour
areas. The available sites have been more or less used
up. New building sites have been sought in the direct 

Abstract

The question is often raised: “How can a stable 
platform be created during the reclamation of sand on
very soft subsoil without having to remove the soft
subsoil nor having to place large amounts of geo-
textiles?” This article describes the experience gained
during the successful reclamation of the first 200
hectares (2,000,000 square metres) of the IJburg
project, east of Amsterdam, The Netherlands. 

Besides a general overview of main features of the
project and its design, the article will deal in particular
with: geo-technical experiences; sand excavation and
clay relocation at the borrow area; sand reclamation
through spraying in thin layers; and planning aspects. 

One main achievement of the project design and 
execution was the method of reclamation through
spraying thin layers of sand. This was realised with the
use of a custom-built spray pontoon, able to reclaim
layers of predefined thickness with the help of 
computer-controlled winches. This sophisticated new
way of reclamation, reaching high accuracies, made it
possible to reclaim sand on very soft subsoil without
having to excavate the subsoil and without having to
place geo-textile on top of the existing subsoil. Because
the subsoil was left in place, no storage area for 
unsuitable soil was needed and, as another beneficial 
consequence, less sand was needed for reclamation.
During actual execution no major instabilities or other
irregularities occurred, thus realising an economic way
of reclaiming soft soils. 

During the actual reclamation constant geo-technical
monitoring and evaluation were carried out. 
This enabled the designer to make adjustments as
necessary. 

A second achievement was the method of sand 
excavation at the borrow area in the lake Markermeer.

Reclamation on Soft Subsoil by Spraying Thin Layers of Sand: The “IJburg” Project near Amsterdam

H.A. de Leeuw, E.P.T. Smits, F.A.J.M. Mathijssen and A.L.Ph. Estourgie
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Henry de Leeuw is presently employed as
a project manager for the engineering
company Ingenieursbureau Amsterdam.
Since 1991 he has worked on the engineering
and realisation of the land reclamation 
for the first phase of the IJburg project,
starting with the design of a pilot island.
He has also been working on civil and
environmental projects in and around the
city of Amsterdam. Presently he is an
advisor on the civil aspects of the further
development of IJburg.

vicinity of the city. It is crucial that these districts will be
easily accessible by public transport. Eighteen potential
sites have been evaluated to determine their suitability
for housing. The sites have been weighed on the basis
of four main aspects: the surroundings, support of the
city, costs and completion, and mobility. IJburg was
selected, as it fits in with urban planning policy on
traffic control, environmental care and support to the
city. In Figure 1 aerial overviews of the project can be
seen.

Various plans (Figure 2) have been developed since this
decision. The plans varied from reclamation of the
complete lake to a partial reclamation of the lake. This
partial reclamation consisted of several islands “IJburg”
and was adopted. The plan foresees creation of 450
hectares of surface and therefore around 25,000,000
cubic metres of sand to be reclaimed in two phases
(Figure 3).

In The Netherlands many land acquisitions have been
realised as polders, which are therefore below water
level. However IJburg was designed to reclaim above
water level. This will offer the future residents direct
visual contact with the areas around IJburg. In the past
centuries several islands have been reclaimed above
water in the former estuary “IJ”, therefore one can say
that the project IJburg is within this tradition of
“reclaiming above water level”. The difference with 
the islands made in past centuries is that for the IJburg
project the subsoil is extremely soft and the time in
which the project had to be completed was limited. 
At some locations the soft subsoil even reaches to a
depth of 30 metres (an old Pleistocene glacial estuary).
At such locations no reclamation is foreseen.

The importance of public transport is strongly reflected
in the design. A light railway transport system will be
constructed that can reach the city centre of Amster-
dam within 18 minutes. Within several years a second
link will be made that will be connected to the subway
system in the south of the city. The future roads will
give direct access to the highways around the city. 

In the period December 1998 to April 2000 and the
period October 2000 up to January 2002 dredging and
reclamation activities (reclamation of over 10,000,000 m3

Terra et Aqua – Number 89 – December 2002

Figure 1. Opposite page, pictures taken from the 200 hectares
reclamation site “IJburg” around start (28 March 1999)
(above) and after completion (24 June 2002) (under) of the first
phase of the project. Both pictures offer a view in the
Northwest direction towards the city of Amsterdam. Sand
was reclaimed on existing very soft subsoil in several thin
layers by a computer-controlled pontoon with high accuracy.
This method enabled the designer to leave the subsoil in place
and to omit placement of large amounts of geo-textile on top
of the existing subsoil.
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Edwin Smits studied Engineering Geology
at the Technical University of Delft, and
since 1990 works for the soil mechanical
and environmental investigation and research
bureau (Omegam) of the public works
department of the City of Amsterdam.
He worked as a geo-technical advisor and
was involved in all aspects of the land
reclamation of IJburg, from the feasibility
studies up to the final reclamation and
monitoring. Since July 2002, Mr Smits is a
geo-technical advisor for the public works
department of the City of Rotterdam. 
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Actual execution of the dredging and reclamation
works was contracted by “Combinatie IJburg”, 
a joint venture consisting of three Netherlands based
dredging companies namely Boskalis, Ballast Ham
Dredging, and Fernhout Aannemingsbedrijf. The 
reclamation works completed until now (first phase)
were contracted by Combinatie IJburg through three
separate and consecutive tender procedures. 

Works on bridges, shore protections, roads, buildings
and infrastructure completed by other contractors will
not be described here.

of sand) took place for the creation of the first 
phase consisting of two islands of the project IJburg.
The location is indicated on Figure 4. The employer 
for this project is the Municipality of Amsterdam, 
represented by Gemeentelijk Grondbedrijf Amsterdam.
The final design, contractual procedures and the daily
supervision of the project were delegated to 
engineering company Ingenieursbureau Amsterdam,
whereas geo-technical advisory services were obtained
from geo-technical engineering companies Omegam,
based in Amsterdam, and Hydronamic, based in 
Papendrecht, The Netherlands.
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MAIN FEATURES OF THE PROJECT AND

ITS DESIGN

Bathymetry of the reclamation site
A bathymetric survey of the area that had to be
reclaimed revealed the depth of the water varying
between 0.50 metres and 3.00 metres below NAP
(NAP equals about average water level). This can be
regarded as a very shallow area. Moreover during
prevailing winds from the southwest direction the level
of the water can be reduced by up to one metre, 
leaving only 50 centimetres of water in large areas. 
The subsoil characteristics show extreme weakness.
The soil will be subject to considerable consolidation in
the course of time and the stability is limited.

Final design aspects
In order to test and optimise the preliminary design,
dating from around 1990, and in order to test various
reclamation techniques, a pilot project near Amsterdam
was carried out in 1995 that resulted in the formation of
an island with a surface of around three hectares 
(Figure 6). Based on experience from this pilot project
the final design was completed and contractual 
requirements were defined. 

The final design is subdivided in several smaller design
units of which the planning runs parallel with the 
planning for the construction of the housing. For each
unit a separate design, consisting of many drawings,
reports and calculations, has been made. 

The final design deals with the following ten aspects as
described below.

1. Settlement requirements
The periods in which the majority of settlement has to
be reached are defined. Areas where infrastructure is
planned should reach this settlement within 300 days.
For housing areas this period is 600 days. Twenty-five
years after these periods a residual settlement of only
20 centimetres is predicted. Total settlement will vary,
depending on the location, between 1 and 2 metres.

2. Design level
The final design foresees that a building platform
(ground level) will be realised of around 1 metre above
NAP. This level was decided upon after considering the
permeability parameters of the sand to be reclaimed.
The groundwater was allowed to reach 50 centimetres
below ground level only once in every two years. To
reach this requirement, sand was selected and used
with a K value of 7 metres per 24 hours.

3. Volume of sand needed for reclamation
The volume was calculated from the existing ground
level, the future ground level, the predicted and 
measured settlements, and the amount of surcharge
sand needed.
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Figure 2. Plan “Bakema 1965” (top) and under, the “Islands of
IJburg” plan.

Figure 3. IJburg (in yellow) is situated between the city, water
and rural areas. In the design the relation between the new
housing area and the existing city on the west side, the water
on the east side and the rural areas on the north and south
sides have been taken into account.



4. Sand excavation
Sand was excavated in the lake Markermeer, 25 kilo-
metres from the reclamation site as shown in Figure 4.

5. Temporary shore protection
The shorelines were widened and heightened to create
safety zones against natural water and wind erosion
and in order to create the possibility to construct the
final shore protection in a dry environment.

6. Accelerating consolidation
To accelerate consolidation, synthetic vertical and
horizontal drains were applied. The triangular grid for
the vertical drains varied from 1.00 to 2.50 metres and
the length of the drains was 9 metres on average.
Placement of sand surcharge was applied to further
accelerate consolidation.

7. Geo-textiles
The controlled way of spraying sand meant that in only
5% of the area (only parts of the shoreline of the 
reclamation site) geo-textile had to be placed under-
water before start of reclamation. This meant that on
95% of the area the sand was reclaimed directly on the
soft subsoil without the need for geo-textile placement.
The geo-textile will spread the load onto the subsoil
evenly.

On the northern part of the island Steigereiland, at a
level of 50 centimetres above the waterline, placement

Reclamation on Soft Subsoil by Spraying Thin Layers of Sand: The “IJburg” Project near Amsterdam
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Figure 4. Location of the reclamation site and the sand borrow
area. The sand borrow area is located at a distance of
approximately 25 kilometres from the reclamation site IJburg.
The islands reclaimed are named “Haveneiland” (Harbour Island)
and “Steigereiland” (Jetty Island), and their surface, some 200
hectares, creates a building platform mainly for residential
housing. Together they form the first phase of two phases of
reclamation. The second phase will likely be realised several
years later. Both phases are indicated in Figure 5.

Figure 5. Sketch of the IJburg project showing Phase 1 and
Phase 2 of the development. The first phase (200 hectares) has
been reclaimed and is described in this article. The second phase
(another 200 hectares) will be reclaimed at a later stage.



of geo-textile (type PET 400 / 50 kilo Newton tensile
strength and maximum 10% elongation) on already
reclaimed sand was necessary to reinforce the island.
See also Figure 10.

8. Reclaiming by spraying in thin layers
Because of the availability of techniques to spray in thin
layers, the designer chose to leave the subsoil in place
and let it consolidate (instead of removing subsoil).
A consolidation period of 4 weeks had to be allowed
between each layer. The technique of spraying was
developed and tested during the pilot project 
mentioned earlier.

9. Precautions against wind erosion of the reclaimed area

10. The total cost of the project

Contractual aspects
After approval of the design, contracts were made
which were used for public tendering purpose 
according to European EG regulations. The contract
was written by Ingenieursbureau Amsterdam in the
RAW system. This system was developed in 
The Netherlands for the road building industry. 
Thereafter it was applied to most civil engineering
contracts as well. A large number of standard texts that
describe activities and contract conditions are available
to the contract writer in this RAW system. 

A complete digital library exists and is updated and
adjusted constantly to reflect experiences on various
contracts. The system allows the designer to write a
new contract in an efficient way. The total contract
sum is split up in practical and measurable units that

enable an accurate and realistic payment schedule
throughout the contract.

Some features of the IJburg contract are as follows:
- Reclamation had to be performed by spraying thin

layers of only 50 centimetres (building of “large
pancakes of sand”). Contractual tolerances were
+/–10 centimetres. 

- A consolidation period of minimum 4 weeks for
each separate reclaimed layer was obligatory. 
This was to guarantee local stability of the subsoil.
Average and maximum production levels were
defined in the contract.

- The employer made the sand borrow area available
to the contractor through arranged licenses. The
contractor was made responsible for mixing the finer
and coarser sand layers in such a way that the con-
tractual required sand characteristics were realised.

- The contract limits the minimum and maximum
sand production allowed per week to safeguard
stability of the subsoil.

- The final reclaimed volume of sand is measured at
the site of reclamation. Intermediate monthly 
volumes were measured in the transport barges and
were invoiced as a preliminary to the final measure-
ment on the reclamation site. Final calculation of the
sand volume on the reclamation site was performed
through SPT-measurements, executed by an 
independent laboratory, after completion. These
SPT-readings (cone resistance and friction ratio)
show a clear transition between the original soft soil
bed and the newly reclaimed sand layers. This
transition could be defined with an accuracy of a
few centimetres, thus the thickness and volume of
the sand layer could be calculated very accurately. 
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Figure 6. Aerial view of the island with a surface of three hectares which was created during the pilot project in 1995.
Photograph was taken on 6 January 1999.



reclamation activities. This was closely coordinated
by ecologists.

For the contractor it was particularly challenging to
minimise delays for the complete dredging spread
while at the same time respecting these technical and
environmental requirements mentioned above.

Main activities during project execution
At the sand borrow area (on average 25 kilometers
remote of the reclamation site) over 9,700,000 cubic
metres of clay had to be removed by cutter suction
dredger. This 8-metre-thick clay layer (overburden) was
present on top of the sand at the extraction-borrow
area. Directly following this clay removal, extraction of
sand to a depth of 25 to 30 metres and simultaneously
filling of transport barges was carried out by the deep
suction and barge-loading dredger Faunus, as shown in
Figure 8.

After sailing to the reclamation site the barges were
emptied and the sand was pumped through a 
maximum of 4,000 metres of pipelines (70 centimetres
diameter) by a 14,000 HP barge-unloading dredger
Sliedrecht 26. In this way over 4,000,000 cubic metres

Main contractual requirements with respect to 
environmental impact are as follows:
- Damage to the environment is often caused by

presence of fines (suspended solids) in the run-off
water from the reclamation process. Life in the
surrounding water would then be jeopardised.
Therefore environmental restriction was imposed on
the surplus-water (run-off water) flowing back in to
the surrounding water. A maximum of 400 milli-
grams of suspended solids per liter of run-off water
was allowed. Three large settlement basins (see
Figure 7) together with high-flow water pumps were
constructed and installed to be able to meet this
very stringent requirement. At regular intervals
water samples had to be taken and analysed by
laboratories. The three basins succeeded in meeting
the 400 milligram requirement.

- The volume of water pumped weekly by the cutter
suction dredger and the barge-unloading dredger had
to be measured and reported. It was not allowed to
exceed weekly volumes mentioned in environmental
licenses and in the reclamation contract.

- Birds immediately used the newly reclaimed sand
for breeding purposes. For this reason, now and
then, certain areas were closed for construction and
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Figure 7. Three large settlement basins, containing nearly stagnant water, were specially constructed on the south side of the island
Haveneiland to reduce the amount of suspended solids in the run-off water. A maximum of 400 mg/liter only was allowed. Given
the normal content of fines in the sand this was a very stringent requirement. The water was directed into these basins by two high
flow water pumps. Photograph was taken on 7 December 2001.
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Figure 8. Deep suction and barge-loading dredger Faunus excavating up to 30-metre-deep sand at the borrow area (approximately
25 kilometres distance from the reclamation site) and at the same time loading transport barges of 2,000 cubic metres volume
each. The sand dredging process was often disturbed as a result of the presence of clay lenses in the sand. Photograph was taken
on 18 January 2002.

Figure 9. The barge-unloading dredger Sliedrecht 26 emptying barges and pumping the sand through 4,000 metres of pipelines,
consisting of submerged, floating, bridge founded (lefthand side of this picture) and shore-based stretches. In the background,
8 installation rigs for vertical drains can be distinguished. Also to the right, a part of the newly constructed access bridge to
Steigereiland can be seen. Photograph was taken on 15 August 2001.



The top elevation of the subsoil in the lake IJmeer from
the Western to Eastern sides of IJburg varies between,
respectively, 0.5 metre below NAP (NAP equals about
average water level) and 3.0 metre below NAP. 
The watertable in the lake varies between 0.2 and 0.4
metre below NAP in, respectively, summer- and 
wintertime.

An extremely soft young Holocene clay-layer with a
thickness up to 4 metres is overlying the Holocene
peat and clay layers. These Holocene layers vary in
thickness in the IJburg area between 6 and 12 metres.
The geological history of the area is rather complex
resulting in a large variability in the soil profile. The
maximum measured thickness of the Holocene layers
outside the IJburg area is around 30 metres, as a result
of accumulated Holocene sediments in a Pleistocene
estuary. The thickness of the young Holocene top 
layer varies highly over the area and is less in the 
southeastern part of IJburg (0–1 metre).

The Pleistocene sand is located at different depths in
the western and eastern part of IJburg, namely 13
metres below NAP and around 9 metres below NAP,
respectively. The zone with the extreme Holocene
layer is clearly visible in Figure 11.

For both the construction stability as well as the 
consolidation and settlement behaviour of the 
reclamation, the young Holocene clay layer at the top

of sand was sprayed in layers with varying thickness
(20 to 50 centimetres) by means of a fully automated
“spray-pontoon” and about 6,000,000 cubic metres of
sand was reclaimed in thin layers by conventional
methods using a “quick-coupling system”. Weekly a
volume of around 100,000 cubic meters of sand was
produced. In Figure 9 the dredger can be seen 
positioned opposite Steigereiland.

As soon as a level of 50 centimetres above the 
waterline was reclaimed installation of in total
8,300,000 metres of prefabricated synthetic vertical
drains started. Maximum production reached was
350,000 metres per week with nine installation rigs.
Installation of these drains included pre-drilling activities
whenever necessary. On some locations geo-textiles
(250,000 square metres in total) were installed in order
to reinforce the construction.

GEO-TECHNICAL ASPECTS AT

THE RECLAMATION SITE

Subsoil characteristics at the reclamation site
The subsoil was investigated drilling boreholes at a 
200-metre grid in the Pleistocene sand. At critical 
spots and discontinuities this grid was densified with
additional boreholes and CPTs. Further in-situ field-vane
testing was performed to determine the undrained
shear strength profile.
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Figure 10. To reinforce the reclaimed sand, approximately 130,000 square metres of geo-textile were placed on Steigereiland in 
7 days, at a level of 50 centimetres above the waterline. The geo-textile applied was of the type PET 400 / 50 kilo Newton with 8%
elongation, well within the required 10%. It was delivered to site in rolls of five metres width. On the reclamation site the textile 
had to be sewn together by handheld machines over a length of 30 kilometres. Photograph was taken on 21 August 2001.



plays a dominant role. The undrained shear strength of
this layer is measured with in-situ field-vane and 
laboratory testing. The undrained shear strength values
versus depth, resulting from corrected field-vane 
values, are presented in Figure 12. 

The large scatter in undrained shear strength values is a
direct result of the variability of the geological profile in
the area. This variability over the area is even better
indicated with the contour map of the undrained shear
strength at a depth of 0.5 metre below bottom, as
presented in Figure 13. At the transition with the stiffer
Holocene layers, there is a sudden increase in
undrained shear strength to 4–5 kilo-Pascal.

Figure 12. Undrained shear strength versus depth.

The young Holocene clay is high plasticity clay as
shown in the plasticity chart in Figure 14. In Figure 15,
the Atterberg limits are plotted versus elevation, 
showing reasonably constant values with depth. 
The natural water content in the young Holocene clay
layer is often slightly higher than the liquid limit. In
Table I a summary of some characteristic soil param-
eters of the young Holocene clay layer is presented. 

Full-scale pilot project
Given the extreme subsoil conditions it was decided to
construct a full-scale pilot test in order to reduce the
risk by experimenting with a new reclamation tech-
nique and enabling the optimisation of the reclamation
itself. The design values of the soil parameters were
determined after evaluating the in-situ, laboratory and
full-scale test results. Especially the reclamation 
technique, the application of geo-textile and vertical
drain spacing and thus construction phasing was highly
influenced by the results of the full-scale test.

The full-scale pilot project, constructed in 1994–1995 in
the IJmeer, is an island with a width of 100 metre and
a length of 300 metre and formed part of the future
IJburg area.

The island was divided into three sections of around
100 x 100 metre each to test the rate of consolidation,
magnitude of settlements and soil structure interaction
of reinforced soil. For this purpose a reference section
without vertical drains (prefabricated strip drains) was
used and in two sections vertical drains were installed
in a triangular grid with distances of 1.0 and 1.5 metre,
respectively.

Terra et Aqua – Number 89 – December 2002
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Figure 11. Isohypsenchart of elevation top of Pleistocene sand.



The function of the geo-textile in the reference section
is mostly ensuring a clear transition layer between sand
and the soft clay, and increasing of the internal stability
of the sand in the slopes.

After completion of the reclamation of the pilot project
an additional 10-metre-wide strip of sand was placed
directly on the young Holocene clay layer by the 
spraying pontoon without the use of a geo-textile. 

No soil disturbance was observed during the 
construction activities. Soil investigation with boreholes
at that specific location showed a remarkably clear
transition between the sand and the young Holocene
clay layer. As a direct result of this discovery, 
geo-textiles were only used under the future dikes of

Polyester geo-textile (PET 80/80 kN/m1) was placed on
the bottom of the lake before the start of the 
reclamation with the spraying pontoon, to stabilise 
the island embankments during reclamation works.
Strain gauges were attached to the geo-textile to
enable measurement of stresses in the fabric.

In Figure16 the development of the strain during the
construction process in the geo-textiles is presented.
The sections with the vertical drains show a strain of
only 2%, whereas the measured elongation in the
reference section was 6%. An elongation of 6% 
corresponds with a horizontal displacement of about
1.0 metre. These horizontal displacements were
indeed observed during the construction of the last
stage, almost resulting in failure in that section.
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Figure 13. Contour map of the undrained shear strength (at depth 0.5 metre below bottom).

Table I. Characteristic soil parameters of the young Holocene clay layer.

Description Value Description Value
Wet unit weight [kN/m3] 12.7 Natural water content [%] >110
Compression ratio CR [-] 0.284 Liquid limit [%] 110
Secondary compression coefficient 0.0128 Plastic limit [%] 40
Vertical consolidation coefficient [m2/s] 2 x10-8 Plasticity index [%] 70
Vertical permeability [m/s] 1 x10-9 Lutum fraction (< 2 µm) [%] 40–50       



the northwest side of IJburg. The function of these
geo-textiles was reduction of the plastic shear strain
during the first construction stages and in some cases
improving the stability during the construction of the
dikes and temporary surcharge.

The reclamation of the pilot project was completed in
6 months using a staged construction method. The first
three layers, with an average thickness of 0.6 metre,
were placed under water using a specially designed

Terra et Aqua – Number 89 – December 2002

20

Figure 16. Pilot project: development of strain in geo-textiles.

Figure 14. Plasticity chart: Haveneiland West and Rieteiland
(1st Phase) and pre-bank of the Waterland coast (3rd Phase)

Figure 15. Left, Atterberg limits versus elevation.



section without vertical drains is still not fully 
consolidated, while the other sections are fully 
consolidated and show secondary compression. 
The total back-calculated settlements are approximately
0.3 metre less than expected, which is largely
explained by the overestimation of the secondary
compression of the young Holocene clay layer. 
Correction of the secondary compression parameter or
change of model both resulted in accurate post-dictions.

The application of prefabricated strip drains resulted in
an accelerated consolidation period for the young

spraying pontoon. With this spraying pontoon a constant
sand thickness can be placed on the lake bottom thus
avoiding load differences, which can cause instability. 

A conventional hydraulic placement technique was
used for the reclamation between the watertable and
the final height of 3 metres above NAP. 

The total thickness of the sand layer is 5.2 metres and
the corresponding predicted total settlement after 30
years was 2.3 metres. In Figure17 the measured 
settlements versus time are presented. The reference
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Figure 17. Pilot project: measured settlements versus time.

Figure 18. Pilot project: Excess pore water pressures versus time.



Holocene clay layer and the Holocene layers of 600 and
200 days, respectively. The consolidation period in the
reference section without vertical drains is approxi-
mately a factor 10 longer. The large strains and organic
content did not significantly affect the functioning of
the drains. The dissipation of the excess pore water
pressures for the various sections of the pilot project is
presented in Figure 18. 

The speed of consolidation of a multi-layer soil stratum
usually can be modeled using one equivalent consolida-
tion coefficient for all the layers. The deviation of the
consolidation behavior of the young Holocene clay layer
proved to be too large compared to the underlying
layers, resulting in an overestimation of the rate of
settlements. Very good agreement in post-dictions
were achieved using Onoue’s principle [ref. 4], where
the rate of consolidation is calculated separately for
each soil layer. This method is used for the design and
back-calculation of the latter construction phases of
IJburg.

Geo-technical aspects of the reclamation design
The following boundary conditions were applied for the
reclamation design of IJburg:
- No removal of young Holocene clay layer. 

Although removal of this layer would result in a
reduction of settlements and stability problems, 
this option was not chosen given the large required
disposal volume.

- Hydrodynamic period. The hydrodynamic period 
for the infra-structural zones should be less than 
300 days in order to guarantee the in time 
functioning of public transport. The hydrodynamic
period for all other areas of the island should be less
than 600 days.

- Maximum residual settlements of 0.2 metre. 
The residual settlements for the non-construction
areas were calculated for a life cycle of 30 years. 

Pile foundations are used for the houses and 
apartment buildings. The piles are founded on the
first or the second Pleistocene sand layer depending
on the maximum allowed residual and differential
settlements of the buildings.

- Island elevation. The future elevation of the island is
1.0 metre above NAP and 1.8–2.4 metres above
NAP for the dikes and infrastructure.

The stability, settlements, required sand thickness and
hydrodynamic period are calculated for each location of
the island. Depending on the specific subsoil condition
vertical drains, surcharge or combinations were 
prescribed, thus improving engineering properties.
The decision tree whether or not soil improving tech-
niques are required is presented in Figure 19.

Geo-technical design optimisations and monitoring
during execution of the first phase
The land reclamation of IJburg consists of two 
construction phases. After completion of both phases,
the area should be transformed in an archipelago.
In order to prevent large stability and settlement 
problems, the north side of the archipelago was shifted
slightly in a southerly direction, away from the tidal
channel.

The main geo-technical problem of IJburg is slope
stability, caused by the extreme low shear strength of
the young Holocene clay layer. The optimum geo-
technical design is obtained by minimisation of the
slope length.

The chosen construction method consists of the 
construction of sand “pancakes” with a spraying 
pontoon, covering a part of the footprint of the 
archipelago (Figure 20). After consolidation and building
of the houses and apartments, canals are excavated
thus making smaller islands. The stability of the slopes
is significantly improved because of the increase in
undrained shear strength of the subsoil by the 
consolidation process. The excavated sand and the
sand from surcharges are reused in a next construction
phase.

Similar to the pilot project, the underwater layers are
placed with the computer-controlled spraying pontoon.
The first sand-layer thickness is typically 0.5 metre ±
0.05 metre with front and side slopes of 1:5 and a back
slope of 1:10. The width of each sand blanket placed by
the spraying pontoon is approximately 12 metres. The
different blankets, placed side by side, form the sand
pancake. 

The geo-technical success of the project depends on
the accuracy of placement of this first sand layer.
An unforeseen deviation in end-slope and layer thick-
ness can have serious consequences in following
construction stages. The following layers typically have
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Figure 19. Decision-tree for improving engineering properties.



(see Figure 10). Placement of the textile after 
installation of the vertical drains meant that the textile
was not perforated and therefore not weakened by the
vertical drains. Such perforation of the geo-textile
would have reduced the strength of the geo-textile by
at least 50%.

During the land reclamation of IJburg various monitor-
ing instruments were installed. Some 170 settlements
plates, 92 piezometers and 10 inclinometers were
installed. Further, at 13 locations differential settlement
measurement were performed. The resulting data was
processed and calibrations and back-calculations were
performed.

For the land reclamation process the stability 
calculations played a dominant role. The stability was
initially calculated with the slip surface programme
Slope/w (version 3) from Geoslope [ref. 2]. During the
commencement of the works Finite Element Model
(FEM) calculations with the computer code PLAXIS
[ref.5] were performed. These calibrated calculations
enabled prediction of displacements, plastic behaviour
and shear-induced excess pore water pressures.

The shape of the failure mechanism is best validated
with PLAXIS. The resulting safety factor can be verified
with Slope/w for a predefined failure mechanism.
The strength improvement as a result of the 
consolidation process is modelled according to Ladd
[ref. 3], using the fully undrained analysis with strength
increase. The results in the safety factor of 
both models were quite comparable.

a thickness of around 0.6–0.8 metres. The underwater
slopes vary, depending on the subsoil conditions,
between 1:4 and 1:10, resulting in a low-pressure
gradient. The slopes above the watertable vary
between 1:4 and 1:8. 

The sand thickness varies over the islands, depending
on functional requirements and subsoil conditions.
Maximum sand thickness up to 9–10 metres was
placed in the dikes with 2–3 metres temporary 
surcharge.

As previously mentioned, a light geo-textile (PET 80/80
kN/m1) is only used on the bottom layer under the
dikes to reduce plastic shear strains and to increase the
internal stability of the sand on top. The location of this
geo-textile was changed, during the realisation of the
first land reclamation phase, from the top of the young
Holocene clay layer to the top of the first sand layer
(below water level). This resulted in better friction along
the interface of the geo-textile and improved strain
strength behaviour.

The excellent results with the spraying pontoon made it
possible during the construction of Steigereiland to
place the heavy PET 400 geo-textile above water
instead of underwater. At the northwest side of this
island, which has the weakest subsoil of IJburg, 10
metres of sand had to be placed in the dike. The 
application of a strong geo-textile (PET 400 / 50 kN/m1)
was required to ensure a stable dike construction. This
geo-textile was placed after installation of the vertical
drains at an elevation of around 0.5 metre above NAP
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Figure 20. The construction of “sand pancakes” by a spraying pontoon. The first sand layer was typically not more than 
50 centimetres. The following layers have a thickness of between 0.6-0.8 metres.



Until the installation of the vertical drains, the failure
mechanism was mainly squeezing. The young
Holocene clay layer squeezes over the firmer deeper
layers. After consolidation and resulting strength
improvement the failure mechanism transformed to a
transition mechanism combining both circular and
horizontal sliding. In Figure 21 and Figure 22 the results
of the stability calculations from, respectively, Slope/w
and PLAXIS are presented. The settlement and

piezometer readings versus time of the same location
are presented in Figure 23.

Some of the so-called optimisations were a direct or
indirect result of a significant deviation of the design.
Although always very unwelcome, slope failures are
always a good opportunity to benchmark to original
boundary conditions and calculation assumptions. In
the first reclamation phase, two failures occurred, and
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Figure 23. Bastion Steigereiland: Settlements and piezometer readings versus time (R23).

Figure 21. Steigereiland (Bastion): Results stability calculation Slope/w.

Figure 22. Steigereiland (Bastion): Results stability calculation PLAXIS.



The full-scale pilot project was very successful for the
prediction of both settlement magnitude and rate of
consolidation for the following reclamation phases.
In general, only marginal deviations could be observed. 

The variability of the subsoil was at some locations
cause for a deviation in settlement magnitude and rate
of consolidation. In both separate cases the
Pleistocene estuarine trench with accumulated young
Holocene sediments was to blame. The soil 
investigation campaign with an intermediate standard
grid-distance of 200 metres proved too large to locate
these small 30–50-metre-wide trenches.

fortunately much was learned from them. One of the
failures occurred at the northwest side of Haveneiland
as a result of an overestimation of the strength
improvement. The resulting photo of the failure and
corresponding settlement versus time curve are 
presented in Figure 24 and Figure 25. 

Since then no more failures have occurred, while the
reclamation process goes faster by the effective use of
intermediate consolidation periods. Thanks to the
lessons learned, the contractor Combinatie IJburg was
capable of speeding up the reclamation process even
more.
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Figure 24. Slide at northwest corner of Haveneiland (24 November 2000).

Figure 25. Haveneiland West: Settlements versus time.



Back-calculations proved that the residual settlements
were 0.35 metre larger within the same time frame,
resulting in a possible required advanced maintenance
of the infrastructure on that location. The rate of 
consolidation dominated by the horizontal consolidation
coefficient on the other location was twenty times
higher than conservatively predicted, caused by both
heterogeneity and horizontal layering of peat.

In Figure 26 the effective versus the total height of the
sand fill from three different land reclamation phases

are presented. The ratio between both varies between
1.4–1.7, which can be related to the specific subsoil
conditions in the IJburg area.

The cone penetration resistance versus depth from
random locations is presented in Figure 27. The quality
of the placed sand fill is excellent. Besides the 
placement method of the spraying pontoon 
underwater and conventional filling with pipelines and
bulldozers above the watertable, no additional 
compaction was performed.

SAND EXTRACTION AND OVERBURDEN

REMOVAL BY “CLAY RELOCATION” METHOD

The quantity of sand needed for reclamation was
present in the lake Markermeer, an area relatively close
to the reclamation site. In Figure 4, the location can be
seen. The sand however was covered by an 8-metre-
thick layer of soft to firm clay and peat. The dredging of
the sand and removal of clay had to be executed in
such a way that upon completion, an 8-metre-deep and
around 100-metre-wide shipping lane would be created
stretching from the city of Amsterdam to the city of
Lemmer. This would result in a large benefit because
the existing shipping lane was only 4 metres deep.
The existing overburden of clay however created a
problem, because no temporary storage areas were
available. The problem was solved by dividing the
borrow area into relatively small sections for excavation
of average 500 metres length per section (Figure 28). 
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Figure 26. Effective versus total height sand fill.

Figure 27. Cone penetration resistance versus depth.



way section A is filled to a depth of 8 metres below
water level, this being the required depth for the ship-
ping lane in the future. To prevent clay flowing back
into section B and thus disturbing the sand excavation,
dams of 20 metres wide were left in place by the deep
suction dredger when dredging the sand. In Figure 28 a
schematic drawing shows this so-called “clay 
relocation method” and the photograph shows the
dredging ships actually at work using it. 

As soon as the sand in section A is excavated, the
deep suction dredger moves to section B to continue
with the sand excavation. From that moment a cutter
suction dredger starts to remove the clay overburden in
section C and pumps it to the already emptied section
A. The clay is pumped through a pipeline to a pontoon
with a submerged diffuser installed (environmental
requirement), which gradually spreads the clay in a
controlled manner on the bottom of section A. In this
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Figure 28. Diagram: top and side views showing the “train of dredging activities” in order to excavate the sand and relocate the
overburden of clay. This method of dredging avoided the need for large temporary storage areas for the volumes of clay to be
dredged. In the photograph (taken on 27 March 2002) the deep suction dredger Faunus and the cutter suction dredger Aegir 
can be distinguished. 



Clearly a proper and accurate sand-clay balance, based
on an extensive soil investigation by means of a large
number of borings, was of crucial importance. The
calculation of the sand-clay balance determined the
length of each section and the depth of sand 
excavation. After completing each section the balance
had to be reviewed and adjusted, based on the actual
volumes dredged and echo soundings taken. Constant
bathymetric survey activity was necessary here. 

To minimise sedimentation into a section (especially in
the winter season) the clay removal had to be executed
shortly before the sand excavation started. In such a
way the time span that a sand surface was subject to
sedimentation was minimised. This required careful
planning and, to minimise mobilisation activities, a
proper choice of the capacity of each dredger used had
to be made. When these guideines are observed, a
constant “train” of dredgers and pipelines can work
continuously and simultaneously, without excessive
idle time and mobilisation costs and, most important of
all, the clay does not have to be stored temporarily.

SPRAYING SAND IN THIN LAYERS WITH

CONSTANT THICKNESS

To prevent instabilities of the soft subsoil and to avoid
installation of large surfaces of costly geo-textiles on
top of the existing subsoil, the design prescribed a
controlled method of reclamation in thin layers together

with consolidation periods of 4 weeks between each
layer of reclamation.

The technique of the computer-controlled spray pontoon
named “1208” enabled the contractor to reclaim sand
in layers with a thickness of 20 centimetres or more,
while at the same time maintaining high accuracy. 
This pontoon proved to be successful in meeting all 
the requirements of the contract. However when 
such thin layers of sand underwater are required with 
a high accuracy in both vertical and horizontal direction
several problems arise. Some of these are described
hereunder.

Working in shallow water
Reclaiming layer after layer gradually reduces the
available water depth. Ultimately, during spraying of 
the last layer, a maximum water depth of only 60
centimetres remains. Together with an unfavorable
direction of the wind this depth can further be reduced.
Therefore two spray pontoons with minimum draft
were used. One of them, spray pontoon “1208”, can
be seen in Figure 29. 

Equally important, floating pipelines with minimum
draft had to be used. Instead of conventional rubber
type flexible floaters, in most cases steel pipelines (light
weight) installed on large oversized pontoons were
used. This enabled the contractor to work in extremely
shallow areas. All auxiliary equipment, for instance the
“Multicat”, had to be able to work at these same
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Figure 29. Computer-controlled spray pontoon “1208” for reclaiming sand in thin layers. The pontoon can work in very shallow
waters. The sand-water mixture escapes the pontoon over a 12-metre-wide chute. The density and velocity of the mixture is
measured on board. A computer calculates as well as controls the speed of the winches in order to reclaim with any desired
constant layer thickness. Photograph taken on 29 April 1999.



pontoon and its six anchors, as well as input data of 
the required layer thickness, the on board installed 
computer calculated the necessary speed of the six
anchor winches. The computer-controlled winches
would then immediately and automatically move the
pontoon along a straight line with such velocity that the
constant pre-defined layer thickness was reclaimed. 

The computer calculations had to be adjusted for the
effects of the sand-water density current underwater.
The sedimentation length of this current varied between
10 and 25 metres depending on the depth of the water
and the grain size of the sand. The grain size of the sand
varied between D50 = 150 micron and 250 micron.

Also adjustments had to be made for the losses of
fines during reclamation. These losses depend directly
on the quality of the sand (especially the content of
fines within the sand) and the current velocity of the
surrounding waters. Losses owing to fines varied from
two percent to fifteen percent. These losses (if not
corrected for) would result in reduced and varying 
layer thickness and thus jeopardise the stability of the
subsoil.

Accuracy of the realised layer thickness was increased
by maintaining a production level as constant as 
possible, through the use of a flow control on board the
dredger Sliedrecht 26.

Finally, when checking the realised layer thickness by
means of comparing bathymetric surveys before and
after reclaiming, one has to adjust for the initial 
settlement of the subsoil. This settlement varied from
1 to 15 centimetres, depending on the location, and
occurred within one or two days. Soil borings or SPT
measurements were used to eliminate this inaccuracy
resulting from initial settlement. Figure 30 shows some
of the aspects mentioned here.

restricted water depths. Despite this shallow draft
equipment, delays could be encountered because of
grounded equipment or pipelines stuck on a sand
shoal.

Anchoring the spray pontoon and pipelines
Reclaiming thin layers meant that the spray pontoon
had to move relatively fast, which results in very 
frequent anchor handling. Anchoring in soft subsoil and
shallow water limits the choice of anchor types that
can be used. In order to find the best solution for the
problem, various anchor types and ways of anchor
handling were tried out in the beginning of the project. 

With regard to the production process, the shifting 
and handling of the anchors had to take place with a
minimum of delay time to the reclamation process. 
To reach this, an extremely close, hourly, coordination
with the crew of the pontoon was maintained and
proved to be indispensable. Working with an 
experienced crew was of crucial importance here.

Moving the pontoon
With an exactly constant production level the spray
pontoon would have to move at a constant speed in
order to achieve a constant layer thickness. However,
the production of the barge unloading dredger will
always vary because of changing of the barges every
30 minutes, variations in sand quality, pipeline 
obstructions, technical problems and other process
irregularities. When a constant layer thickness is
required the speed of the spray pontoon therefore 
has to be adjusted in line with the variations of the
production level. 

Hereto the actual production level was continuously
measured through density- and velocity-measuring
devices on board the spray pontoon. Together with
actually measured data defining the positions of the
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Figure 30. Schematic drawing of the spray pontoon “1208” and the process features of spraying sand as described in this article.



REDUCING DREDGING DELAYS THROUGH

CAREFUL PLANNING

By careful planning it has been possible to reduce
delays and idle time during the dredging process to a
minimum, finally resulting in an earlier completion date.
Hereto the total reclamation area was divided in five
smaller areas and the sequence in reclaiming these
smaller areas was carefully chosen. The area with the
least technical restrictions was reserved as much as
possible for “emergency” situations and for the last
four weeks of reclamation activities. In the end this
area was filled for 95 percent during “emergency”
situations. 

At least two outlets, and most of the time three 
outlets, were kept available for reclaiming sand. 
Whenever a certain reclaimed layer had to consolidate
or anchor handling took place other outlets could be
used. Moreover during wind from the southwest
direction the level of the water reduced considerably
and therefore the area was not accessible for the spray
pontoon and equipment, in which case another outlet
had to be used.

Delivery dates of geo-textile suppliers and milestones
for installation of vertical drains by a subcontractor were
kept extremely tight, because these activities would
interfere with reclamation activities on the same area.
As much as possible these subcontractor activities
were planned in a three-weekly period of summer
leave for the dredging crews and process.

Conclusions

The use of the fully computer-controlled spraying
pontoon enables controlled land reclamation in an area
with extreme soft subsoil conditions. The geo-technical
success of the project depends on the accuracy of
placement of this first sand layer. An unforeseen 
deviation in side, end-slope and layer thickness can
have serious consequences in following construction
stages.

The application of a geo-textile in the underwater layers
could be omitted because of the high accuracy of sand
placement with the spraying pontoon and the observed
clear transition between the sand and the young
Holocene clay layer. The plastic shear strain under the
slopes can be further reduced by application of shallow
slopes.

The combination of a full-scale pilot test, an extensive
monitoring campaign and online validation and back-
calculation results in a safer construction method and
can result in various optimisations. The use of Finite
Element Models in combination with validation tools

result in more accurate predictions and a better 
understanding of soil structure behavior in complex
situations.

By careful planning it has been possible to reduce
delays and idle time during the dredging process to a
minimum, finally resulting in an earlier completion date.

At the sand borrow area a large amount of clay had to
be removed. By applying the “clay relocation method”,
a proper planning and a sand clay balance, a shipping
lane was created and it was not necessary to construct
temporary clay storage areas.
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The rationale for benthic surveys at aggregate 
extraction sites sets the stage for the remaining report
as Chapter 1.2. Chapter 2 presents a strategy for the
planning and design of surveys and then documents
current and developing methodologies for their 
conduct. Chapter 3 is a general review of the range of
equipment available for the sampling of marine benthic
fauna from course substrata. Chapter 4 follows with a
discussion of the approaches for processing faunal
samples both in the field and in the laboratory. 
Chapter 5 describes a number of devices for use 
in characterising attributes of the physical habitat 
with recognition of the role of remote acoustic 
techniques.

Chapters 6 and 7 describe a range of techniques for
characterising the wave and current climate and for the
collection and particle size analysis of sediments. 
Chapter 8 details a framework for analysing benthic
community data and for linking the output to 
environmental variables. Generic Quality Assurance
guidance is presented in Chapter 9 and finally, 
Chapter 10 gives recommendations on the format for
presenting findings from environmental surveys.
Throughout the report, good practice in terms of 
Quality Assurance (QA) procedure is presented within
each of the sections describing methodological
approaches.

The report has a sufficient number of quality photos
and drawings to support the subject matter at hand.
Likewise, it presents some of the latest techniques and
technologies employed in benthic surveys and has
concise, but excellent, descriptions of the techniques
and the equipment employed. 

Annex I of the report lists the Steering Group Members
and their affiliations. Annex II is an example of Standard
Operating Procedures for the collection and analysis of
macrofaunal samples using a Hamon grab, and finally,
Annex III is an example of standard operating 
procedures for the laboratory particle size analysis of
samples collected from coarse substrata.

Guidelines for the Conduct of Benthic Studies at
Aggregate Dredging Sites 
The Centre for Environment, Fisheries & Aquaculture
Science, London, UK, May 2002. Department for Trans-
port, Local Government and the Regions. Soft cover,
117 pp., A-4, illustrated, references.

Dr. S. E. Boyd, Editor

Recently there has been a rapid increase in the survey
work for environmental statements which accompany
dredging applications in the United Kingdom. This
report was developed and published in response to this
increase. Combined with impending legislation that will
bring aggregate extraction under statutory control, the
necessity for a publication to promote a comprehensive
and consistent approach to the assessment of seabed
environments became clear.  

The production of the guidelines was overseen by a
steering group of eminent experts from the UK who
included one member each from the environmental
and contractor communities. The chapters themselves
were authored by a variety of subject experts and
compiled by Dr. S. E. Boyd of The Centre for 
Environment.

The focus of this report is on the conduct of surveys of
the seabed and the associated benthic fauna, the
results of which are submitted in the environmental
statement in support of the dredging applications. 
The purpose of the report as stated by the authors is,
“to provide detailed guidance on the conduct and
reporting of benthic surveys to facilitate consistency of 
approaches among consultants employed by the 
industry to conduct environmental surveys and when
carrying out monitoring surveys”. In addition, this
report has been produced to foster compatibility
between ongoing regulatory monitoring and related
research and development. The target of the report is
stated as being experienced marine scientists 
(especially benthic ecologists, sedimentologists and
geophysicists) working on behalf of industry or the
regulator. 

Books/Periodicals Reviewed

Charles W. Hummer, Jr.

Books/
Periodicals
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For those who may wish to delve deeper into any
aspect of the report, the list of references is extensive
and apparently represents some of the latest technical
scientific literature on the subjects, as well as classic
works.  

The publication should serve to aid the consistency and
compatibility set out as an objective by the authors.
Whilst the regulatory and report framework is within
that of the UK, there is no question that its value
extends well beyond that jurisdiction. Accordingly, the
report should find value within the international 
community. Furthermore, the potential audience
should extend well beyond those stated by the authors.

This publication can be obtained from:
DTLR Free Literature
PO Box 126, Wetherby, 
West Yorkshire, LS23 7NB United Kingdom
email: dtlr@twoten.press.net

CEFAS Library
Lowestoft Laboratory
Pakefield Road, Lowestoft
Suffolk NR33 0HT, United Kingdom
email: lowlibrary@cefas.co.uk
www.planning.dtlr.gov.uk

Creating IJburg (Phase One 1999 – 2001), Seven
million cubic metres of sand
(Aanleg IJburg Eerste fase (1999 – 2001), Zeven
miljoen kuub zand)
Bilingual Dutch/English publication. Photography by
Jan Schot and Stichting Touching Visuals, Amsterdam.
2001. Hardbound, 24 cm x 32 cm, 239 pp. Profusely
illustrated in colour. References and detailed description
of photographs. Approx. US$50.

by Allard Jolles and Dorine van Hoogstraten

This oversized, hardbound book looks at first glance 
like a “coffee table” book, but it is much more. It is a
history book, an engineering treatise, a planning
process and, finally, it is a beautiful collection of 
photographs. The book documents the many aspects
of the development and construction of IJburg, 
the newest new land extending the City of Amsterdam
into the IJmeer lake. It integrates the fantastic
photographs of Jan Schot (with additional aerial photos
by Dick Sellenraad, of Aeroview, Rotterdam) with a text
by Allard Jolles and Dorine van Hoogstraten. 

Particularly for the Dutch, the creation of land from the
seabed has a long and proud history. In the case of
IJburg, the land raised from the bottom of IJmeer lake
after a long process of political, engineering and 
environmental considerations. This book presents the
evolution of the IJburg from concept to fact; from
dream to reality.

In the “Foreword” Klaas de Boer, Director, Department
of Physical Planning, Amsterdam Municipal 
Commission for IJburg, sets the stage for the rest of
the text and photographs: 

“Most people take the land for granted. We (Dutch)
build our houses, travel, play and work on it without
a second thought. Only when we drive across the
great Afsluitdijk sea barrier or look at the water
defences of the Delta Works do we pause to 
consider that our home relies entirely on our ability
to keep land separate from water. The sea and the
rivers are essential to our existence, to our economy
and to our identity. And yet they form a constant
threat. The precarious balance between blue and
green has marked the entire history of our 
country.…This book is a monument to the land on
which we are about to live”.

The book is divided into five parts, with both the photos
and text following the birth of IJburg: 1. Organization; 
2. Nature; 3. The Lake Bed; 4. Making Land; 
5. New Land.

The authors are architectural historians connected with
the city of Amsterdam. They ably document the history
of the project that led to the creation of the island of
IJburg. In addition, the text is enhanced as an historical
document by the “Literature” that was consulted, 
as well by the personal contacts with “Interviewees”,
both of which are listed at the end of the book.  

The entire publication is in both Dutch and English. 
The translation is quite readable and the presentation
follows the logical history of the project through the
preliminary concepts, planning, environmental review,
engineering design considerations and, finally the
construction. It is a publication with which one must
spend some time in order to fully enjoy all of its
benefits. Certainly those who would find the book of
value are broadly defined. Any civil engineer will find it
intriguing both in terms of the narrative as well as the
excellent and artistic photographs. But further, environ-
mentalists, sociologists, architects and the public at
large should find this book a great read.

As De Boer so aptly states, “The creation of IJburg 
has been recorded for posterity by Jan Schot. 
His photographs go much further than factual
reportage. They show beauty inherent in the creation 
of new land and even dredging – work which usually
evokes entirely different associations”. If this book
serves to carry this message of necessity and 
beauty to a wider audience it has done a great 
service to all. 

For further information:
Stichting Touching Visuals, Amsterdam, 
The Netherlands
ISBN 90 806411 11
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For further information contact:
PIANC General Secretariat
Graaf de Ferraris Bldg., 11th Floor
Boulevard du Roi Albert II 20, POB 3
B-1000 Brussels, Belgium
tel. + 32 2 553 71 60, fax +32 2 553 71 55
email: info@pianc-aipcn.org
www.pianc-aipcn.org

13th International Harbour Congress
Provincial House, Antwerp, Belgium

March 30-April 3 2003

The Sections on Harbour Techniques, Environmental
Technology and Safety of the Technological Institute of
the Royal Flemish Society of Engineers are jointly
organising this Congress. It will focus on port 
engineering, environment and safety. The technical
sessions will be structured around these major 
programme topics, several of which will be treated by
keynote speakers. During the working sessions, the
authors of the accepted papers will give brief lectures
with additional information, and comments afterwards
by a discussion panel and the floor.

The Congress will be preceded on Sunday March 30 by
a one-day Seminar on “European port and water traffic
regulations and programmes”. The Congress itself will
run from Monday March 31 to Wednesday April 2, with
technical visits planned for Thursday April 3 to other
sea and inland harbours, terminals under construction
and port related environmental applications.
The 10th International Harbour Exhibition will be held
simultaneously with this Congress.

For further information contact:
Ms. Rita Peys, Conference Manager
Technological Institute — KVIV
Ingenieurshuis, Desguinlei 214
B-2018 Antwerp, Belgium
tel. +32 3 260 08 40, fax + 32 3 216 06 89
email: rita.peys@ti.kviv.be
email: hav@conferences.ti.kviv.be
www.ti.kviv.be/conf/haven.htm

European Marine Sand and Gravel: 
Shaping the Future

Aula Congrescentrum, Delft University, 
The Netherlands 

February 20-21 2003

EMSAGG continues to make important contributions 
to European economic development, particularly in
construction and flood and coastal defence. To address
this increasing demand for sand and gravel, EMSAGG
tries to improve communications and understanding
with a wider audience, beyond producers and 
suppliers, such as clients, governments, regulators,
economists and environmentalists. 

Speakers from a variety of disciplines as well as six
European countries will present research and develop-
ment including resource exploration, best practices,
monitoring, data management, and legislation. A site
visit to Hanson Aggregates Nederland NV Harbour 
No. 5461 in Amsterdam will be featured.

For further information contact:
Jacqueline Kalkman, Delft University
Aula Conference Centre/Congress Office
PO Box 5020, NL-2600 GA Delft, The Netherlands
tel. +31 15 278 80 22, fax +31 15 278 6755
email: j.kalkman-baijens@fd.tudelft.nl

Ports and Habitats: Partners in Development
Hadewijch Auditorium, 

Hendrik Conscience Gebouw, Brussels, Belgium
March 20 2003

This one day Seminar is targeted at all those stakehold-
ers directly involved in issues of port expansion. The
programme is of special interest for European ports
and especially those that are in the proximity of estuar-
ies, deltas or other coastal habitats. The seminar will
focus on implementation aspects of the EU Habitat
Directive (92/43/EC) and is organised by PIANC, EuDA
and IMI. Case studies of the ports of Rotterdam, Le
Havre, Hamburg and UK ports as well as of the Scheldt
Estuary Management will be presented.

Seminars/Conferences/Events

Seminars/
Conferences/
Events
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OI Americas 2003
Morial Convention Centre

New Orleans, Louisiana, USA
June 4-6 2003

After the success of Oceanology International in London
in March of 2002, the marine science and ocean tech-
nology industries are now turning their attention to the
Americas in the form of OI Americas, the Second Joint
Ocean Forum. This follows the promising debut of
Oceanology International Americas in Miami, Florida in
2001. Moving the exhibition to New Orleans takes
exhibitors straight to the heart of the US offshore oil
industry, close to survey, charting and mapping
companies. It also opens the convention to emerging
South American shipping and port development sectors. 
In addition, a full programme of technical and scientific
conferences and workshops will run alongside the OI,
coordinated by The Oceanography Society. 
Early-bird discount rates are available for companies
reserving space prior to September 1st 2002.

For further information contact:
Craig Moyes
tel. +44 20 8949 9879
craig.moyes@spearhead.co.uk

Sheila Ramaiya
tel. +44 20 8949 9820
sheila.ramaiya@spearhead.co.uk

Dredging Today
Puerto de Avilés, Spain

June 19-20 2003

An international seminar on dredging “Dredging Today”
is being organised by the Port Authority of Avilés and
the Ports and Coasts Technical Association of the
PIANC Spanish Section. Subjects will include: Public
awareness on dredging; emergency dredging; recent
dredging works in the world; presence of dredging in
daily life; obtaining sand from the sea bottom for coastal
environmental purposes; current dredging equipment
and future trends; special equipment; dredging work
costs structure; hydrography navigable druaghts; up-to-
date environmental recommendations. A debate table
will be held. The seminar will be in English and Spanish.

For further information contact:
PIANC General Secretariat
Graaf de Ferraris Bldg., 11th Floor
Boulevard du Roi Albert II 20, POB 3
B-1000 Brussels, Belgium
tel. + 32 2 553 71 60, fax +32 2 553 71 55
email: info@pianc-aipcn.org
www.pianc-aipcn.org

COPEDEC VI
Colombo, Sri Lanka

September 15-19 2003

The theme of the sixth International Conference on
Coastal and Port Engineering in Developing Countries
(COPEDEC) will be “Engineering the Coastal 
Environment”. Subjects include: Port and harbour
infrastructure engineering in developing countries; 
port and infrastructure planning and management in
developing countries; coastal sediments, hydro-
dynamics and control; coastal zone management in
developing countries; and coatal and port environmental
aspects.

For the latest information check the website:
www.copedec.lk

Europort 2003
RAI International Exhibition Centre

Amsterdam, The Netherlands
November 18-22 2003

The Europort Exhibition is one of the largest trade
shows for the international maritime industry and is
held every two years in Amsterdam. The trade 
exhibition covers all sectors of the maritime industry
such as seaborne shipping, inland shipping, the 
offshore industry, dredging and ports. Many countries
have once again made arrangements for national 
pavilions where their companies can join forces and
exhibit together.

Various maritime trade associations such as IRO
(Dutch Association of Suppliers to the Oil and Gas
Industry), KNVTS (Royal Dutch Association of Naval
Architects), KVNR (Royal Association of Netherlands
Shipowners), VNSI (Netherlands Shipbuilding Indsutry
Association) and VIV (Association of Importers of
Combustion Engines) are organising their (annual)
meetings and seminars at Europort. In this way Euro-
port acts as a national and international forum for the
maritime industry.

As is customary, the CEDA Dredging Days will also be
held during Europort 2003 from November 20-21, and
the IADC Award for the best paper to a younger author
will be presented. The CEDA conference will focus 
on the use of dredged sediments as primary and 
secondary construction material (See “Call for Papers”,
page 36).

For further information contact:
www.europort2003.com
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WEDA XXIII & TAMU 35 Dredging Seminar
Hilton Suites Hotel & Drury 

Lane Convention Centre, 
Oakbrook, Illinois, USA

June 10-13 2003

The twenty-third Western Dredging Association Annual
Meeting and Conference and the thirty-fifth Texas
A&M Dredging Seminar will be held in June 2003 at
the Hilton Suites Oakbrook, 18 miles west of Chicago.
The conference will provide an in-depth technical program
based on the theme, “The Dredging Contractor” and
will provide a unique forum for discussions between
dredging contractors, port authorities, government
agencies, environmentalists, consultants, academicians,
and civil and marine engineers.

Topics of interest include but are not limited to: 
dredging contractors, dredging systems and 
techniques; new dredging equipment; surveying; 
cost estimating; dredging and navigation; project case 
studies; automation; inland dredging; contaminated
sediments; numeric modelling; geo-technical aspects;
beach nourishment; beneficial uses; and wetlands
creation and restoration.

One-page abstracts should be submitted by December
19, 2002 to a member of the Technical Papers 
Committee listed below. Authors will be notified by
January 3, 2003 and final manuscripts are expected 
by April 9, 2003.

To submit an abstract or for further information contact:
Dr. Ram K. Mohan
Blasland, Bouck & Lee, Inc., Annapolis, MD 
tel. +1 410 295 1205, fax +1 410 295 1209
email: rkm@bbl-inc.com

Dr. Robert E. Randall
Dept. of Civil Engineering, Texas A&M University
tel. +1 979 862 4568, fax +1 979 862 8162
email: r-randall@tamu.edu

Mr. Stephen Garbaciak, Jr.
Blasland, Bouck & Lee, Inc.
tel. +1 312 674 4937, fax +1 312 674 4938
email: sdg@bbl-inc.com

Coasts and Ports Australasian Conference
The Hyatt Hotel, Auckland, New Zealand

September 9-12 2003

This is the 16th Australasian Coastal & Ocean Engineer-
ing Conference and 9th Australasian Port & Harbour
Conference. The theme of the conference is “Coastal
Development — A Quest for Excellence” and the
issues it covers include: models for “good” coastal
development; change in port infrastructure and 

Call for Papers
Oceans III Millennium

Universidad de Alicante, Spain
April 22-26 2003

The first “Oceans III Millennium”, an international
congress on marine science and technology, was held
in Pontevedra, Spain in April 2001. Some 350 scientists
participated, 140 oral presentations were made, and 
47 posters were displayed. As a result of the success of
the first conference, in April 2003 a second Oceans III
Millennium will be held on the campus of the 
University of Alicante, Spain. 

Any expert in the field of marine sciences and technology
who carries out research or develops techniques 
relating to the coastline and the end of the continental
margin of the oceans is welcome to present a paper as
are politicians, jurists, administrators and, in general,
any scholar of the above-mentioned ocean environ-
ment, particularly young researchers and essayists. 

Five copies of each abstract submitted to Oceans III
Millennium must be mailed before 31st January 2003,
either by mail (attaching a floppy disk with a recording
of the abstract) or by e-mail. Each abstract, written in
Spanish or English, official Congress languages, may
not exceed one A-4 sheet and must be printed on one
side only. Its contents must not have been previously
published. 

Should you decide to send it by ordinary mail: send
your abstract on a disk. The papers must be sent by
express post or courier to the Technical Secretariat of
the Congress to be received before 31st March 2003: 

Viajes Hispania, S.A 
Departamento de Congresos 
Srta. Mª. Carmen Fernandez
Avda. Maisonnave nº.11 - piso
7º 03003 – Alicante, Spain 
tel. +34 96 5228 393, fax +34 96 5229 888 
www.hispania.es

Should you decide to send it by e-mail: send your
abstract (same word processors) to the following e-mail
address: congresos@vhispania.es

For further information contact:
The Organising Committee
Monserrat, 13 B, 28015 Madrid, Spain
tel. +34 91 541 67 43, fax +34 91 559 12 95
email: fomar@fomar.org
www.fomar.org
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efficiency; costs of regulation and compliance; 
managing conservation and development; assessing
impacts of coastal structures on the natural system;
and changes in science and technology in modelling
and monitoring coastal change.

Papers on these and other coasts and ports issues are
welcomed. Abstracts should be a maximum of 250
words and should be submitted by February 28 2003. 
Electronic submission is preferred and should be sent
to: coasts and ports@tcc.co.nz both as an attachment
and in the body of the email. Postal submissions should
be on disk labelled with your name and contact details
and sent to the Conference Managers (see below).

For submissions and more information contact:
The Conference Managers
The Conference Company
PO Box 90040, Auckland, New Zealand
tel. +64 9 360 1240, fax +64 9 360 1242
email: coasts and ports@tcc.co.nz

International Conference on Remediation of
Contaminated Sediments

Palazzo del Cinema, Venice, Italy
September 30-October 3 2003

Contaminated freshwater and marine sediments are a
significant environmental problem worldwide. Since
disposal of contaminated dredged materials can be a
major financial issue, further research for better 
technologies, and practicable and cost-effective 
sediments-management practises must be designed.
To provide a forum for understanding the nature of
contaminated sediments and for finding potential
solutions, Battelle, with the support of 12 international
organisations active in management and remediation of
sediments, organised a conference in October of 2001.
Based on the positive response to that event, Battelle
is organising a second conference focussing on all
aspects of remediation and management of 
contaminated sediments.

One-page abstracts, written in English, should be
submitted by January 10, 2003.
Notification of acceptance will take place in April. 

Subjects may include field-scale projects, identifying
new technologies and/or case studies as well as any
other relevant topics. For further details on subjects
and submission requirements visit the website:
www.battelle.org/sedimentscon.

Abstracts may be submitted via the above-mentioned
website or by email to: 
sedimentscon@batelle.org.

For further information on the technical scope of the
programme or registration or other matters please
contact:
Marco Pellei, Batelle-Geneva Research Centre
fax +41 22 827 2094
email: sedimentscon@battelle.org

For further information about the submission of
abstracts contact:
Carol Young, Battelle-Columbus
505 King Avenue, Columbus, OH 432201, USA
tel. +1 61144 424 7604, fax +1 614 4224 3667
email: youngc@battelle.org

CEDA Dredging Days
RAI Conference Centre

Amsterdam, The Netherlands
November 20-21 2003

“Specialist dredging techniques, inspiring dredging
solutions” is the theme of the next CEDA Dredging
Days to be held during the Europort Exhibition in
November 2003. Dredging activities cover a wide range
of applications, some of which are unfamiliar even to
the well-seasoned dredging professional. The variety of
dredging functions combined with the diversity of the
natural environments provides the profession with 
new challenges and the need to develop specialised
dredging techniques.  

Topics of interest include, but are not limited to, the use
of specialist dredging solutions in: Coastal and flood
protection; sea and river mining (sand and gravel,
minerals, precious metals); offshore oil and gas industry;
environmental improvement; land reclamation; dredging
in shellfish waters; waterway re-naturalisation; cockle
and scallop fishing; and salvage. 

Abstracts (maximum 300 words) should be submitted
not later than 1 February 2003. Send by e-mail to:
ceda@dredging.org in either RTF, PDF or as ASCII. 
If you submit hard copy, please send five copies. 
Authors will be informed by 1 March 2003 of the
paper’s acceptance. Draft manuscripts of 3000-5000
words must be submitted by 1 June 2003. Reviewer
comments for revisions will be sent to authors by 
1 August 2003. Final camera-ready papers are due by 
1 October 2003. 

The full Call for Papers is available at www.dredging.org.
For further information or to submit abstracts 
electronically in English contact: 
CEDA Secretariat, Anna Csiti
P.O. Box 488, 2600 AL Delft, The Netherlands
tel. +31 (0)15 278 3145, fax +31 (0)15 278 7104
e-mail: ceda@dredging.org 
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Africa
Boskalis South Africa (Pty.) Ltd., Capetown, South Africa
Boskalis Togo Sarl., Lomé, Togo
Boskalis Westminster Cameroun Sarl., Douala, Cameroun
Dredging International Services Nigeria Ltd., Lagos, Nigeria
HAM Dredging (Nigeria) Ltd., Ikeja, Nigeria
Nigerian Westminster Dredging and Marine Ltd., Lagos, Nigeria

The Americas
ACZ Marine Contractors Ltd., Brampton, Ont., Canada
Beaver Dredging Company Ltd., Calgary, Alta., Canada
Dragamex SA de CV, Coatzacoalcos, Mexico
Gulf Coast Trailing Company, New Orleans, LA, USA
HAM Canada Office, Calgary, Canada
HAM Caribbean Office, Curaçao, NA
HAM Sucursal Argentinia, Buenos Aires, Argentina
Norham Dragagens Ltda, Rio de Janeiro, Brazil
Stuyvesant Dredging Company, Metairie, LA, USA
Uscodi, Wilmington, DE, USA

Asia
Ballast Nedam Dredging, Hong Kong Branch, Hong Kong
Ballast Nedam Malaysia Ltd., Kuala Lumpur, Malaysia
Boskalis International BV., Hong Kong
Boskalis International Far East, Singapore
Boskalis Taiwan Ltd., Hualien, Taiwan
Dredging International Asia Pacific (Pte) Ltd., Singapore
Dredging International N.V., Hong Kong
Dredging International N.V., Singapore
Far East Dredging Ltd., Hong Kong
HAM Dredging (India) Private Ltd., Mumbai, India
HAM Dredging (M) Sdn Bhd, Kelana Jaya, Malaysia
HAM East Asia Pacific Branch, Taipei, Taiwan
HAM Hong Kong Office, Wanchai, Hong Kong, China
HAM Philippines, Metro Manila, Philippines
HAM Singapore Branch, Singapore
HAM Thai Ltd., Bangkok, Thailand
Jan De Nul Singapore Pte. Ltd., Singapore
PT Penkonindo, Jakarta, Indonesia
Tideway DI Sdn. Bhd., Selangor, Malaysia
Van Oord ACZ B.V., Dhaka, Bangladesh
Van Oord ACZ B.V., Hong Kong, China
Van Oord ACZ B.V., Singapore
Van Oord ACZ Overseas B.V., Karachi, Pakistan
Zinkcon Marine Malaysia Sdn. Bhd., Kuala Lumpur, Malaysia
Zinkcon Marine Singapore Pte. Ltd., Singapore

Middle East
Boskalis Westminster Al Rushaid Ltd., Dhahran, Saudi Arabia
Boskalis Westminster M.E. Ltd., Abu Dhabi, UAE
Dredging International N.V., Middle East, Dubai
Dredging International N.V., Tehran Branch, Tehran, Iran
Gulf Cobla (Limited Liability Company), Dubai, UAE
HAM Dredging Company, Abu Dhabi, UAE
HAM Saudi Arabia Ltd., Damman, Saudi Arabia
Jan De Nul Dredging, Abu Dhabi, UAE
Van Oord ACZ Overseas BV., Abu Dhabi, UAE

Australia
Condreco Pty. Ltd., Milton, QLD., Australia
Dredeco Pty. Ltd., Brisbane, QLD., Australia
New Zealand Dredging & General Works Ltd., Wellington
Van Oord ACZ B.V., Victoria, Australia
WestHam Dredging Co. Pty. Ltd., Sydney, NSW, Australia

Europe
ACZ Ingeniører & Entreprenører A/S, Copenhagen, Denmark
Anglo-Dutch Dredging Company Ltd., Beaconsfield,
United Kingdom
A/S Jebsens ACZ, Bergen, Norway
Atlantique Dragage S.A., Nanterre, France

Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Baggermaatschappij Breejenbout B.V., Rotterdam, Netherlands
Ballast Ham Dredging, Rotterdam, Netherlands
Ballast Ham Nederland, Werkendam, Netherlands
Ballast Nedam Bau- und Bagger GmbH, Hamburg, Germany
Ballast Nedam Dragage, Paris, France
Boskalis B.V., Rotterdam, Netherlands
Boskalis Dolman B.V., Dordrecht, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Sweden AB, Gothenburg, Sweden
Boskalis Westminster Aannemers N.V., Antwerp, Belgium
Boskalis Westminster Dredging B.V., Papendrecht, Netherlands
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
Boskalis Zinkcon B.V., Papendrecht, Netherlands
Brewaba Wasserbaugesellschaft Bremen mbH, Bremen, Germany

CEI Construct NV, Afdeling Bagger- en Grondwerken, Zele, Belgium
Delta G.m.b.H., Bremen, Germany
Draflumar SA., Neuville Les Dieppe, France
DRACE (Grupo Dragados S.A.), Madrid, Spain
Dravo S.A., Madrid, Spain
Dredging International N.V., Madrid, Spain
Dredging International N.V., Zwijndrecht, Belgium
Dredging International Scandinavia NS, Copenhagen, Denmark
Dredging International (UK), Ltd., Weybridge, United Kingdom
Enka-Boskalis, Istanbul, Turkey
Espadraga, Los Alcázares (Murcia), Spain

HAM Dredging Ltd., Camberley, United Kingdom
Heinrich Hirdes G.m.b.H., Hamburg, Germany
Holland Dredging Company, Papendrecht, Netherlands
Jan De Nul N.V., Aalst, Belgium
Jan De Nul Dredging N.V., Aalst, Belgium
Jan De Nul (U.K.) Ltd., Ascot, United Kingdom
Nordsee Nassbagger- und Tiefbau GmbH, Wilhelmshaven,Germany
N.V. Baggerwerken Decloedt & Zoon, Oostende, Belgium

S.A. Overseas Decloedt & Fils, Brussels, Belgium
Sider-Almagià S.p.A., Rome, Italy
Sociedad Española de Dragados SA., Madrid, Spain
Sociedade Portuguesa de Dragagens Lda., Lisbon, Portugal
Società Italiana Dragaggi SpA. “SIDRA”, Rome, Italy
Société de Dragage International “S.D.I.” S.A., Marly le Roi, France
Sodranord SARL, Paris, France
Terramare Oy, Helsinki, Finland
Tideway B.V., Breda, Netherlands

Van Oord ACZ B.V., Gorinchem, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Wasserbau ACZ GmbH, Bremen, Germany
Westminster Dredging Co. Ltd., Fareham, United Kingdom
Zanen Verstoep B.V., Papendrecht, Netherlands
Zinkcon Contractors Ltd., Fareham, United Kingdom
Zinkcon Dekker B.V., Rotterdam, Netherlands
Zinkcon Dekker Wasserbau GmbH, Bremen, Germany

Membership List IADC 2002
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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