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A new technique combines two essential but difficult tasks in underwater construction –
accurately depositing and then levelling bulk materials.
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The Proceedings of the EADA Conference, Emerging Indian Dredging Needs, provides a
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EDITORIAL

WODCON XV, the Fifteenth World Dredging Congress and Exhibition, in 
Las Vegas, Nevada, June 28-July 2, is fast approaching. The theme, “Dredging
into the 21st Century”, offers experts in dredging, marine engineering and con-
struction an opportunity to present papers profiling their latest research.

In line with the concept of the Congress, this issue of Terra contains two articles
both of which describe state-of-the-art dredging technology. The first article
presents the scrader® technique, used in Singapore and for the Øresund tunnel
connection between Denmark and Sweden. With this technique two tasks 
– depositing bulk materials and then levelling them – can be combined. It is a
unique technique which has passed the tests of accuracy and environmental
responsibility. The second article concerns an extensive environmental clean-up
programme carried out in Lake Ketelmeer in The Netherlands. This has been an
on-going project, under the supervision of the Dutch government, in an effort to
find a responsible solution to a heavily contaminated body of water. It too
describes techniques which provide important solutions for those involved with
waterway and harbour management facing the difficult challenges of dredging
contaminated sediment.

Another interesting event to be held on the second day of the WODCON 
will be the WODA Environmental Day, with the theme “Dredging and the
Environment: Working Together”. Environmental issues as related to dredging
are, of course, one of our chief concerns, and the IADC is pleased to have been
invited to participate in this session.

The IADC will also be sponsoring a drawing for a painting of a dredging scene
created by the artist Paul Kerrebijn. Mr Kerrebijn will be located at the IADC
booth (number 119 and 121) and all are invited to stop by to fill in an entry form.
And last but not least, the IADC’s award to the best paper written by a younger
author will be presented during the closing ceremonies. Looking forward to seeing
you there.

Marsha R. Cohen
Editor
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Abstract

Depositing and levelling materials used in underwater
construction has always been difficult. Accuracy,
reliability, environmental issues and construction time
have always been issues of concern. Recently, a new
technique known as the scrader® concept has been
developed (including instrumentation) that combines
these two operations.

Experience with this technique has been gained first in
Singapore and again during the construction of the
gravel foundation for the Øresund tunnel between
Denmark and Sweden. Because of the very stringent
requirements related to the foundation accuracy, 
a special vessel, the Multi-Purpose Pontoon (MPP), has
been developed. This vessel is capable of constructing
a gravel bed with high accuracy using the scrading®

method. A special survey system has been installed for
checking the gravel bed after construction. 

The scrading® concept has proven suitable for use with
a wide variety of bulk materials. The material is simul-
taneously placed and levelled at the desired depth.
Optimal placement accuracy is achieved, losses of
material are kept to an absolute minimum, and pollution
of the environment is negligible.  

Introduction

Depositing and levelling materials used in underwater
construction has always been difficult. Accuracy,
reliability, environmental issues and construction time
have always been issues of concern. Grading is a
common method used to create a flat layer of material,
which can be used as an underwater foundation for
tunnel elements or caissons. The disadvantage of this
method is that two operations have to be performed:
depositing the material, followed by levelling.

A new technique has been developed (including
instrumentation) that combines these two operations.
The technique is known as the scrader® concept. 



The basic idea is the employment of a telescopic fall
pipe, mounted on a surface support vessel. The bottom
of the pipe is kept at the desired level. The scrade®

material is fed into the fall pipe by a conveyor. By moving
the fall pipe horizontally (the bottom constantly making
contact with the scrade® layer), material is deposited
and levelled at the same time.

Experience with this technique has been gained by
building a caisson foundation at Pasir Panjang, Singapore.
In 1996, the vessel Zinkoon II constructed a gravel layer
using the scrading® method at 17 m water depth. 
A similar project, also in Singapore (Jurong Islands), 
is currently in progress. This project consists of the
construction of a causeway between Jurong Islands
and the shore. A modified pontoon called the Zinkoon VI
is engaged in the construction of the stone foundation
for the caissons by scrading®. This work will be finished
at the end of 1998. The operation method of the
Zinkoon II and VI is similar to a cutter suction dredger,
swinging around a work spud, but with the telescopic
fall pipe, instead of the ladder, constructing the
foundation. 

Another current project is the construction of the gravel
foundation for the Øresund tunnel between Denmark
and Sweden. The project is distinctive because of the
very stringent requirements related to the foundation
accuracy. For this reason the Multi-Purpose Pontoon
(MPP) has been developed. This vessel is capable of

constructing a gravel bed with high accuracy using the
scrading® method. A special survey system has been
installed for checking the gravel bed after construction. 

THE SCRADER® CONCEPT FOR GRAVEL BED

CONSTRUCTION

Scrader®

The scrader® concept has been devised for construction
of gravel bed foundations for projects such as caisson
walls and immersed tunnels. At present the tool is
employed from a special built vessel called the Multi-
Purpose Pontoon (MPP).
Figure 1 shows a general plan of the Multi-Purpose
Pontoon and Figure 2 a photograph of the Multi-Purpose
Pontoon. The dimensions of this pontoon are 76 by 25 m.
The draught is about 3.50 m. The pontoon is positioned
by two spuds. A spud is positioned on each side of the
construction area so that they do not affect the trench
bottom itself. The fall pipe is positioned on the longer
side of the pontoon and can be moved 47 m, horizon-
tally across the trench. A conveyor belt has been built
on the pontoon for feeding the fall pipe with scrade®

material (Figure 3). 

A barge with scrade® material is positioned behind the
MPP. A loader picks up material from the barge and
places the material through a silo to the feeder belt on
the MPP. The silo distributes the material evenly to the
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Figure 1. General plan of the Multi-Purpose Pontoon.



conveyor belt, which feeds the fall pipe. The bottom of
the fall pipe is moved horizontally across the trench and
kept at the required level by means of hydraulic cylinders:
a horizontal laser plane is used as a reference level and
all motions of the pontoon are registered and compen-
sated for in real time. Thus a berm of scrade® material
is constructed on the seabed. When one track is com-
pleted, the pontoon is shifted along the trench using
the spuds, and the next gravel berm can be constructed.
During the operation, the bottom of the scrade® pipe is
always filled with gravel and is continuously in contact
with the gravel berm.

At present, in spring 1998, the scrader® tool has been
developed to work in an environment where the sig-
nificant wave height is 0.50 to 0.75 m and the current
velocity is 1 m/s maximum. 

The scrader® concept can be applied in the following
fields:
• placing of a wide variety of granular bulk materials

ranging from fine gravel to stones up to a  
Dmax ~ 300 mm, e.g., constructing rubble foundations
and scour protection works.

• placing of bonded materials such as grout, concrete
and clay, e.g., installing waterproof linings.

• simultaneous placing of materials such as quarry
stone and (colloidal) concrete.

Automatic process
The process of scrading® is fully automated, essential
when working within stringent restrictions. In the main,
the traversing speed of the scrade® pipe is set and
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Figure 2. The Multi-Purpose Pontoon (MPP) at the Øresund
project.

Figure 3. The conveyor belt and the fall pipe of the MPP.



adjusted according to the thickness of the layer to be
placed. The speed of the conveyor belt is continuously
adjusted to the theoretical production. Indicators at the
bottom of the pipe register the height of the gravel
column inside the scrade® pipe. 

When this level falls below a set limit, the traversing
speed is reduced and the speed of the conveyor belt is
increased. When the level exceeds a defined upper
limit, the speed of the conveyor belt is reduced until
the desired level is reached again. Hydraulic cylinders at
the bottom of the scrade® foot are activated 20 times a
second to compensate for vertical motion owing to
heave, roll and pitch of the pontoon as measured by
various sensors. By automatically activating the spud
carriers at the sides, the pontoon is shifted along the
trench according to a pre-defined step length, without
interruption of the gravel laying process. 

Process display
To ensure correct functioning of the scrader®, the
actual process is fully monitored. Outputs of many
sensors are shown on-line on the bridge deck, and
alarms are activated when selected signals exceed 
pre-set values. When the bottom of the scrade® pipe
exceeds its tolerance from the theoretical profile, 
the process is stopped automatically. 

Another example of automated process control is an
independent check of the level of the laser plane, 
with the aid of a reference sensor mounted on a fixed
known position. When, for whatever reason, the laser
plane is not stable, the reference sensor detects the
deviation. By means of telemetry, an alarm is sent to
the bridge. Another alarm is activated when level
indicators at the bottom of the pipe record that there is
too little gravel in the pipe, in spite of the automatic
feed control. In this case the traverse speed of the
scrade® pipe is reduced or even stopped, until the
column height in the pipe is corrected.

The system operator observes the process on a monitor,
which displays the underwater actions as well as
positioning information (see Figure 4). Different profiles
are shown on this screen such as the actual trench
profile, the theoretical profile of the gravel and the
depth of the bottom of the scrade® foot. The operator
can switch to a top view for checking the accuracy of
the horizontal position. Additional values, e.g. spud
forces, traverse speed of the scrade® pipe, level of
gravel column in the pipe, conveyor belt speed,
production and horizontal position of the bottom of the
scrade® pipe, can also be presented on the screen. 

Besides presentation of process information from
instrumentation, several cameras have been installed
for monitoring critical parts of the process: for example,
the feeder belt and the transition point between con-
veyor belt and scrade® pipe.

Survey
Before a recently placed gravel bed can be approved for
foundation purposes, it has to be checked thoroughly.
For this purpose a special survey system has been
developed. Special, because when a gravel bed is
constructed with  high accuracy, the accuracy of the
survey system must be even better.

Initially the option of acoustic techniques was rejected.
When surveying with the aid of conventional echo-
sounding techniques, the large slant range (at about 
20 m) results in insufficient accuracy of the measuring
system. However, a combination of high frequency
echo sounders with a short slant range can provide the
required accuracy. The high frequency (which coincides
with a small opening angle) provides a better accuracy
of the echo sounder itself, and the short slant range
gives a small footprint at the gravel bed. Figure 5 shows
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Figure 4. Process display on the bridge.

Figure 5. Influence of opening angle and slant range of an
echo sounder.
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the difference between the results of an echo sounder
with large opening angle (low frequency) and small
opening angle (high frequency), the latter leading to a
better interpretation of the shape of the gravel bed.

Laboratory tests were carried out to investigate the
range of attainable accuracy. Measurements were
performed with a 1 MHz echo sounder on an artificial
gravel bed. The slant range used was 80 cm. 
This gravel bed consisted of stones with a diameter of
35-50 mm, representing the stones to be used for a
real gravel bed. These stones were cemented on to a
plate so that they could not move. For comparison
measurements were made on the same gravel bed
using a levelling staff. At the lower end of the staff a
disc with diameter of 10 cm was installed, which was
approximately equal to the diameter of the footprint of
the echo sounder at the used slant range. Theoretically
the two methods should provide the same result: 
the echo sounders detect the first reflection, which
corresponds to the highest point within the footprint,
while the staff is lowered towards the gravel bed until
the disc touches the highest stone. Figures 6 and 
7 show the set up. 

Results of the measurements with the levelling staff
and with the echo sounder are compared in Figure 8.
Evaluation of the measurements indicated an absolute
measurement accuracy of the echo sounder better than
5 mm. This accuracy was accepted for implementing
an acoustic system for inspection of the gravel bed at
the Øresund project.
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Figure 6. Set up of the laboratory experiment.

Figure 7. Right, The echo sounder and artificial gravel bed at
the laboratory.

Figure 8. Records of echo sounder and levelling staff
measurement.
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Table I. A summary of the main dimensions of the
tunnel.

Tunnel characteristics Element characteristics

Length 3510  m Length 175.25 m
Width 42  m Weight in air ~55,000 tons
Height 8.6 m No. of elements 20

GRAVEL BED CONSTRUCTION BY SCRADING®

AT ØRESUND

Øresund Tunnel Project
By the year 2000, Denmark and Sweden will be
connected by the Øresund Link, a construction consis-
ting of three parts: a tunnel, an artificial island and a
bridge. The tunnel submerges in Denmark, comes
above water at an artificial island in the middle of the
Øresund. From there the connection to Sweden is
completed by a bridge (see Figure 9). The joint venture
Øresund Tunnel Contractors (ØTC) is responsible for
the design, planning and construction of the tunnel.

The tunnel consists of immersed elements and has an
overall length of 3.5 km. The tunnel is constructed of
20 concrete elements, each 176 m long. The tunnel is
42 m wide and is to carry a four–lane motorway and a
two-track railway. With these dimensions, it will be the
largest immersed tunnel in the world (see Table I).

Tunnel elements are placed in a trench dredged in the
seabed. Owing to the high currents which can occur

here the sand flow method was found to be less appro-
priate. Before placing these elements, a foundation
layer of gravel is constructed in the bottom of the
trench. This is required to ensure a solid and flat foun-
dation in order to keep the forces on each element
within acceptable limits. 

Gravel bed characteristics
The gravel bed to be constructed varies between 
0.5 and 1.4 m in thickness. The area for one element
measures approximately 180 by 42 m and consists of 
a pattern of 42 m long gravel berms, 1.65 m wide,
alternated with 1.00 m wide grooves. The foundation
area required for one tunnel element consists of 
65 berms. This pattern of gravel berm construction
introduces several advantages compared with a closed
integral gravel plane (see top view, Figure 10):
• Berm construction with intermediate grooves avoids

the risk of high spots at overlapping tracks of gravel; 
• Possible high spots of gravel can be moved side-

ways into the grooves, avoiding higher stresses in
the element;

• At the joints of the elements the distance between
the berms is increased. In this way the risk of
aggregate particles being trapped between
elements during immersion is minimised;

• Water and silt are more easily dissipated through
the grooves when lowering the element on to the
foundation.

The procedure for gravel bed construction using the
MPP according to the above design is described in the
next paragraph.
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Figure 9. Overview of the Øresund link between Denmark and Sweden.
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Figure 10. The pattern of gravel berms with alternating
grooves.

Figure 11. Right, Scrading®, backfilling and top protection
executed by the MPP.

Figure 12. Configuration of all sensors in the total system.
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After immersion and ballasting of an element, the MPP
is then employed for backfilling the trench around the
element. At the sides of the element sand is placed,
above which a filter layer is constructed. Then the
element is covered with armour stone. The filter layer
prevents the sand from eroding and the armour stone
protects the tunnel against shifting and damage by
anchors (see Figure 11).

Gravel bed construction and system accuracies
The specifications of the construction levels of the
gravel bed are very stringent. Gravel has to be placed
with a vertical accuracy of ±25 mm. This is necessary
to ensure that the forces acting on a tunnel element
are acceptable. As the measuring system (see below)
introduces an extra error, the measuring accuracy of
the gravel bed is specified at ±35 mm. All mentioned
accuracies are defined as twice the standard deviation,
so 95% of the observations are within this accuracy
(2σ, 95%). To obtain this accuracy highly sophisticated

measuring sensors and control systems have been
installed on the MPP. 

Figure 12 shows how the vertical position of the
scrade® pipe is determined. A rotating laser, creating a
horizontal reference plane, is installed on the measuring
tower at the previously placed element. The laser
transmitter signal is received by a light sensitive sensor,
known as the laser receiver, mounted on the scrade®

pipe of the MPP. In this way the vertical position of the
laser receiver at the fall pipe, with regard to the laser
plane, is determined. Actual angles of the fall pipe
owing to vessel movements result in height deviation
of the scrade® pipe and are therefore measured by
inclinometers. The fixed length of the fall pipe and its
actual angle define the position of the lower end of the
fall pipe. Measuring the stroke of the hydraulic cylinders
finally results in the position of the lower end of the
scrade® pipe.

The accuracy of determining the vertical position of 
the lower end of the scrade® pipe depends on the
accuracies of the individual instruments and sensors.
The plane of the rotating laser has an accuracy of ±3 mm
(2σ, 95%) at a distance of 200 m. The laser receiver
can detect the transmitted signal with an accuracy
better than ±2 mm (2σ, 95%). The accuracy of the
inclinometers is ±0.05˚ (2σ, 95%) and the stroke of the
cylinders can be measured to an accuracy of ±1 mm
(2σ, 95%). 

Using the signals from all sensors, the vertical position
of the bottom of the scrade® pipe can be measured to
an accuracy of ±10 mm (2σ, 95%). 

Mathematical simulations have been performed to
investigate the behaviour of the pontoon and the
control system. Various scenarios have been studied,
with different input parameters such as wave height,
wave period and current speed and direction. 
The result of these simulations is that control of the
scrade® foot to an accuracy better than ±20 mm 
(2σ, 95%) should be possible, when operating in the
worst environmental conditions (i.e. bad weather and
strong current).

Given the accuracy of determining the vertical position
of the scrade® pipe and the accuracy of controlling the
scrade® pipe, this sophisticated instrumentation results
in the MPP being capable of constructing the gravel
bed within the required tolerance of ±25 mm (2σ, 95%).

Gravel bed survey system at Øresund
To characterise a berm of gravel with an acoustic
system, a survey beam of five echo sounders in a row,
30 cm apart was constructed. A sixth echo sounder is
mounted horizontally and calculates the actual sound
velocity by measuring the travelling time of sound to a
fixed plate every second. Fluctuations of sound velocity
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Figure 13. Schematic view of the survey beam.

Figure 14. The survey beam mounted on the side of the
scrade® pipe.
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Figure 15. Measurements and histogram of the calibration bar, showing the mean and standard deviation of the measurements.

Figure 16. Measurements and histogram of a gravel berm, showing the mean and standard deviation of the measurements.
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owing to variation of water temperature or salinity are
measured in this way. This signal is used for on-line
calibration of the five bottom measuring echo sounders.

Suppliers of the acoustic system were Seabed Tech-
nology BV from IJmuiden, Holland, and Oy Meridata
Finland Ltd from Lohja, Finland. The construction is
shown in Figure 13. 

The survey beam has been mounted on the lower side
of the scrade® pipe (Figure 14), giving a short slant
range while surveying.

A clear water system between the echo sounders and
the gravel bed has also been installed. In case of dirty
water (seaweed or suspended material), clear water is
flushed between echo sounders and bottom, ensuring
a conditioned measuring environment.
By combining the measurements of the echo sounders
with the measurement of the absolute position of the
echo sounders (by the system of sensors mentioned
above), the absolute level of the gravel bed is determined.

A calibration bar has been installed on site for checking
and calibrating the echo sounder system. This calibra-
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Figure 17. Display of the data processing application, showing statistical information about the survey of the gravel bed.

Figure 18. Patch levels of one berm.



tion bar consists of a stainless steel bar with two
different levels, 30 cm apart. The horizontal and vertical
positions of this bar have been determined by total
station measurement. By measuring the level of this
bar using the acoustic system, it is possible to check its
correctness. 

Measurements of the calibration bar are shown in
Figure 15. The two levels of the calibration bar as
measured by total station were –13.09 and –13.39 m.
From the results of the echo sounder measurements 
it has been derived that the accuracy is better than 
10 mm (2σ, 95%).

Measurements of the first (test) gravel berms showed
deviations of ±20 mm, which is the sum of the deviations
in placing and measuring the gravel bed. An example 
of a measured berm is shown in Figure 16. Statistical
analysis of the raw data of the test berm results in a
standard deviation of ±30 mm (2σ, 95%).

Before judging the foundation quality of the level of the
gravel berm, the raw data from the echo sounders is
averaged and filtered according to a specific procedure.
The reason for this is that individual stones do not
contribute to the support of the tunnel element, nor do
individual holes in the gravel berm. 

First the total area of one tunnel element is divided in
5,200 sub areas (patches). The size of one patch is 
0.50 by 2.65 m. The processing transforms all measure-
ments within one patch to one level, so the end result
is a matrix of 5,200 levels. These levels must satisfy
specified criteria concerning accuracy and spatial distri-
bution before the gravel bed is approved for immersion
of a tunnel element. An example of the output of the
processing application is shown in Figure 17. An over-

Multi-Purpose Scrader® Concept: New Technology for Seabed Treatment

13

Figure 19. Result of all patch levels for the area of one tunnel element.

Figure 20. The bed cleaning tool at the scrade® foot.



view of patches for the bottom area of a tunnel element
is shown, together with information about patch levels
and standard deviations. Raw data of a patch is also
shown in a separate box.

After the raw data have been processed, the result is
analysed by means of pre-defined statistical tests. For a
quick impression, the processed data are presented in
two- or three-dimensional graphics. Figure 18 shows
the data of one berm, while Figure 19 shows the data
of the area for one tunnel element. These figures 
show that all patch levels are within a tolerance band of
±35 mm, the required measuring accuracy (see above).

Other functions of the Multi-Purpose Pontoon at
Øresund, in relation to gravel bed construction

Bed removal tool
In the event of unacceptable high spots in the gravel
bed, the MPP is equipped with a so-called bed removal
tool. This tool is mounted on the lower end of the
scrade® pipe and consists of a rectangular suction
mouth that can be kept just above the gravel bed. In
combination with a 90 kW underwater pump, the bed
removal tool is capable of removing bed material by
suction action, without disturbing correctly placed
gravel in the direct vicinity of the area to be cleaned.

Bed cleaning tool
Another tool used in combination with the underwater
pump is the bed-cleaning tool (Figure 20). This tool has
been designed for cleaning up silt, mud and fedtmøg 
(a sort of alga) that has sedimented on the gravel
berms in the time span between constructing the
gravel bed and placement of a tunnel element.

The bed-cleaning tool applies the vortex-suction principle.
The central suction mouth is surrounded by tangential
jets. The combination forms a vortex-swirl. The tangential
jets create a horizontal current, eroding the silt on top
of the gravel. When properly designed and operated,
the current of the jets is not strong enough to disturb
the underlying gravel. The silt is entrained into the
central suction mouth, while the gravel stays in position.
To achieve a higher mixture concentration in the trans-
porting hopper barge, the recirculation principle is used:
from the discharge pipe a part of the mixture is fed
back to the tangential jets. 

Trials at Øresund proved that the bed-cleaning tool is
capable of removing a layer of silt from the gravel
without disturbing the gravel itself.

Both systems are employed from the scrade® pipe.
The accuracy and reliability of these removal and 
clean-up operations are assured by the use of the
sophisticated positioning and levelling system of the
scrader® unit.

Conclusions 

The scrading® concept is suitable for placing a wide
variety of bulk materials. For example, it can be used
for rubble foundations and scour protection works.
Simultaneously, the material is both placed and levelled
at the desired depth. In this way, optimal placement
accuracy is achieved, losses of material are kept to an
absolute minimum, and pollution of the environment is
negligible. 

For gravel bed construction at Øresund a scrader®
system has been employed from a specially built Multi-
Purpose Pontoon (MPP).

Results observed at the Øresund project prove that at a
water depth of 20 m, a gravel layer can be placed with
a vertical accuracy of ±25 mm (2σ, 95%). An acoustic
system was used for checking the level of the gravel
bed. The accuracy of this measurement method was
better than ±10 mm (2σ, 95%). 

By using auxiliary tools, the MPP is capable of removing
individual high spots of material such as silt on top of
the gravel bed without disturbing the constructed bed. 

So far (spring 1998), the immersion of eight tunnel
elements has been completed. The final position of
each element has been measured by using levelling
instruments and dGPS antennas. The results show that
the vertical deviations of these elements are well
within the required tolerances, i.e. less than 20 mm
from the design level.
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Abstract

Lake Ketelmeer, located at the end of the river IJssel, 
a branch of the River Rhine, covers an area of 3800 ha,
of which 2800 ha is polluted. As treatment of the
contaminated material is not economically feasible, 
it was decided to built a large storage depot in the
middle of the lake, to be called “IJsseloog”.
The storage depot will change the entire scenery of the
eastern part of the Ketelmeer, creating a combination of
recreational islands and non-cultivated nature reserves.
The IJsseloog depot is meant primarily to store contami-
nated mud in a safe, cost-effective and environmentally
acceptable way, which led to a protracted design pro-
cess, part of which is described here. The complicated
tendering process is also described.
All together the project will take some 20 years to be
completed with various public authorities and private
companies involved in this dfl 200 million project.

Introduction

History of pollution
Lake Ketelmeer is located at the end of the river IJssel,
a branch of the River Rhine. At the mouth of the IJssel
there has always been natural silt deposition and delta
forming. People have also contributed to land forming
by reclaiming large parts of the Zuiderzee. Thus Lake
Ketelmeer was created between the polders Noord-
oostpolder and Oostelijk Flevoland. 
In the period between 1950 and 1980 large quantities
of pollutants ended up in the river water,  because
industrial plants along the Rhine and IJssel discharged
into the river, in Holland as well as in Germany,
Switzerland and France (Figure 1). 

The pollution settled in Lake Ketelmeer, where the
current of the river loses its velocity, which causes a
reduction of the transport capacity of the river sediments.
Together with the adhered pollutants, the silt was
deposited in thick layers. 
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Figure 1. Map of catchment area of the River Rhine, and inset
the location of Ketelmeer storage depot.

Figure 2. Birds-eye view of the future situation of the depot
and delta at the mouth of the IJssel.
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The lake covers an area of 3800 ha, of which 2800 ha is
polluted. On average the polluted layer is 50 cm thick,
varying from a few centimetres to over a metre. 
Overall a quantity of 15 million cubic metres of heavily
polluted sediments has been deposited. Since the
beginning of the 1990s the incoming sediment is much
less polluted.

The accumulated pollution causes deviations in animals
that live there. Also the pollution slowly seeps through
to the groundwater and is spread by wind, current and
turbulence caused by ships propellors. For all these
reasons, in 1994 it was decided to clean the Ketelmeer.
As treatment of the contaminated material is not
economically feasible, it was decided to built a large
storage depot in the middle of the lake, to be called
“IJsseloog”. The nett depot volume will be 23 million
m3, to be able to store contaminated mud from other
sources as well.

Master plan for the Ketelmeer
The building of the storage depot will change the entire
scenery of the eastern part of the Ketelmeer (Figure 2).
At the east side of the 1 km diameter depot, a combi-
nation of recreational islands and non-cultivated nature
reserves will be constructed. For this, use is made of
the surplus of the dredged sand and the non-contami-
nated clay and peat. 

The mouth of the river IJssel will also be newly designed.
It will get the appearance of a river delta with marsh-
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mud flats and sand shoals will be made, where vegeta-
tion will be allowed to develop naturally. The deepening
of the fairway will be extended throughout the Ketel-
meer, allowing larger ships into the region (Figure 3).

land as is so characteristic for the genesis of large parts
of Holland. To prevent obstruction in the outflow of the
river water when the delta is made, a deep southern
main channel will be dredged. North of this channel
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In the Ketelmeer area and the adjacent polders, the
separation level of the Pleistocene sand layers and 
the Holocene soft soils is generally found at NAP –7 to
–7.5 m. The bottom level is NAP –4 m. The top layer of
0.3 to 1.0 m (with a mean value of 0.5 m) is classified
as contaminated, and will be stored in the final depot. 
The intermediate layer of Holocene deposits consists
of peat and silty clay (partly medium to strong
humous). The natural consolidation rate of this material
is limited, resulting in low shear strength values and a
high water content (sometimes exceeding the liquid
limit). Generally this layer is some 2.5 m thick. 
At distinct locations extreme thick layers appear, as a
result of historical river branches and of former sand
mining operations (Figure 4).

The reclamation of the Noordoostpolder and Oostelijk
Flevoland, confining the Ketelmeer at either side,
required extensive water management to be applied
to the area. This is owing to the fact that the surface
level of the polders surrounding the Ketelmeer is
some 4 metres below NAP (Nieuw Amsterdams Peil,
the Dutch water level reference). The phreatic level of
the polders is kept at NAP –4 to NAP –6 m, by means
of pumps. Being part of the same geohydrological
system, the equivalent water level in the sand layer
throughout the area is also below NAP. The clay layer
with its low permeability reduces the flow of water
from the Ketelmeer into the polders to manageable
proportions. 

Figure 5 shows the situation. During construction the
isolating clay layer at the depot location is removed,
highly influencing the phreatic levels and the ground-
water flow into the polders. During depot filling the
original situation gradually returns.

APPENDIX I. GEOTECHNICAL SITUATION OF THE PROJECT AREA

Figure 4. Soil description.

Figure 5. Groundwater level in the Ketelmeer area. Left, the original situation, right the temporary situation during construction.



DESIGN PHASE

The IJsseloog depot is meant primarily to store contam-
inated mud in a safe, cost-effective and environmen-
tally acceptable way. This led to a protracted design
process, part of which will be described in this section.

Depot location
The size of the anticipated construction, combined with
its the contents of heavily polluted sediment, made it
necessary to look carefully for the best location. 
Indeed, this has been a much reviewed topic, not only
among the engineers of the federal government, but in
an open discussion with the local authorities, environ-
mentalists, pressure groups and the public.

Principally, two options have been studied: A land-
based storage or an island-like depot somewhere in the
lake. The isolation problem of the pollutants was the

main topic from a technical point of view, mainly
because of the geotechnical situation of the project
area (described in Appendix I). The reduced ground-
water level of the subsoil, caused by the drainage of
the polders, is of great influence to the isolation topic.
For the public, especially inhabitants and farmers in the
immediate vicinity of the Ketelmeer, the fitting of the
depot into the land was their main concern.

The two options were (Figure 6):
1) Land-based storage. Situated close to inhabitated

areas, the seepage from the storage depot will 
reach these areas in some decades, causing a 
relatively high degree of pollution in a small area
(some hundred hectares).

2) Lake depot. The distance between depot and
cultivated land is large. The pressure gradient 
(see Appendix I) enhances the seepage from the
depot into the groundwater. The flow into the
polders causes spreading over a large area 
(thousands of hectares). However, the degree of
pollution is very low, and it will take millennia to
spread this far.

The first option was considered better manageable.
However, the resistance of the public and local authori-
ties to a close-by land-based storage depot were such
that significant delay of the project was expected.
Keeping in mind that a delay of one year of the overall
sanitation of the Ketelmeer would cause an additional
spreading of pollutants far worse than the advance of
the land–based option, the choice for a depot in the
middle of the Ketelmeer was made.

Landscape fitting
The building of the storage depot in the middle of  Lake
Ketelmeer gave way to opportunities to boost the
development of recreation and semi-natural non-culti-
vated areas. This fitted into the plans of local and
regional authorities. Building the depot would yield a
considerable surplus of (clean) medium sand and fertile
clay and peat. The creation of a combined nature reserve
and recreational areas adjacent to the eastern side of
the depot fitted into the master plan for the Ketelmeer.
Future developments may include a bungalow-ground,
small craft  mooring facilities in a delta–like area, and
the rise of popular spots for family-outings (Figure 7).

The marshlands in between, planned to remain
non–cultivated and develop naturally, require a surface
height around water level, to be reached shortly after
completion of the depot construction. Because of this,
the excavation, transport and deposition of soft Holocene
material had to be done mechanically. Pumping the
clay would yield a clay-water mixture that would take
decades of dewatering and consolidation. 

Isolation measures
As mentioned earlier, the isolation of the contaminated
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Figure 6. Spreading of contaminated seepage flow.

Figure 7. General lay-out of  “IJsseloog” (future situation).



During the first 5 to 10 years of filling of the depot, 
the inside water level will be reduced to NAP –4.5. 
This way, the pressure difference with the ground-
water will be neutralised, eliminating the advective 
way of transport almost completely. 

The feasibility of applying an impermeable synthetic
lining to the sides of the depot was investigated. 
The unreasonably high costs, together with the lack 
of experience to such works (at 45 m waterdepth),
caused this to be dropped. However, acting in a
comparable way, is the application of a clean layer 
of Holocene material on the bottom of the depot 
(soft clay with 5 to 10 % organics). Whatever con-
struction method is chosen, the clay will be diluted 
to a low- density clay/water mixture. It is anticipated
that a layer of 4 m with a density of 1200 kg/m3 will
result from the dumping operation, to be consolidating
to a layer of 1 m at 1800 kg/m3. 

At the stage that the depot level arises above the
Ketelmeer level, again a pressure gradient from the
depot occurs. However, now the underwater layer 
of mud has been consolidating some 5 to 10 years,
reducing its permeability to very low values, giving 
the material isolational characteristics itself. 
On the contrary, the recently dumped mud in the upper
layer has relatively low density, and easily leaks out. 
To prevent the outflow as a result of the pressure
gradient, a combination of three measures have been
taken:
1) Leaving at least 1.5 m of impermeable Holocene

material under the base of the surrounding ring dike;
2) Construction of a seepage screen in the ring dike,

from NAP +1 m to NAP –6 m (level of Holocene);
3) Covering of the inner ring dike slope with clay or

asphalt, from NAP +1 to NAP +10 m.

Other measures
Before the construction of the storage depot could
commence, the contaminated top layer of the site has
to be removed, and temporarily stored. Because of the
relatively short design life (two years), the requirements
to isolation measures were less severe. Two square
depots, formed by straightforward sheet pile walls, are
used for this purpose. The only remarkable structural
feature is the protection agains drifting ice.

To prevent contaminated material from the remainder
of the Ketelmeer spoiling the just cleaned project area,
a sheet pile wall is constructed around the whole site.
A floating construction (like a silt screen) was regarded
as not feasible for effectively shielding the area off.

Geotechnical design calculations

Probabilistic design philososphy
The ring dike surrounding the storage depot will be 
built using the excavated sand of the depot. Underneath

mud stored in the depot off of the surface and ground-
water has been a major topic in the design stage. The
question was: How can the seepage out of the depot
be minimised, at acceptable costs? A combination of
measures have been adapted for this purpose – some
easily recognisable, others hidden.

Storage depot
Increasing the layer thickness of contaminated sedi-
ment leads to a higher degree of consolidation, thereby
reducing the permeability of the material itself (Figure 8).
A depot depth of NAP –45 m is adopted, limited by the
depth at which regular dredging equipment is able to
trim the slopes and bottom. The height of the surroun-
ding dike has been restricted to NAP +10 m. Further-
more, given a certain spoil volume, a round depot
minimises the contact surface.

Filling the depot with a total volume of 23 million m3,
will give a mud top level of NAP +7.5 m. Calculations
indicate a top level of NAP –6.5 m after 50 years of
consolidation. To reduce the seepage (caused by the
outward pressure gradient) the depot water level will be
lowered to NAP –4.5, as soon as the mud level has
sunk sufficiently. A cover layer of clean soil will be
applied. 
The local authorities, responsible for granting the appli-
cable permissions, considered these measures of the
preliminary design not enough. Both the diffusive and
advective way of contaminants dispersion were not
properly covered. The following additional measures
were incorporated.
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Figure 8. Depot water level management in relation to the
filling schedule.



this dike a 1.5 to 10 m layer of soft Holocene material 
is present. Extensive analysis of groundwater flow,
stability and settlement have been made. For this, 
the latest Dutch standards of semi-probabilistic design
philosophy regarding soft soil engineering have been
adopted (CUR Report #162, 1992).

The main failure mechanism of the depot is “dike
collapse”. The three subsequent project stages called
“construction”, “filling” and “consolidation”, were
appointed failure rates of 10–1, 10–3, and 5*10–4
respectively.

Failure of part(s) of the construction can finally result in
an almost complete dike collapse, and therefore have
been analysed systematically. This way the appropriate
safety classes for the various project stages have been
determined: Class I for the construction stage, Class II
for filling and consolidation.

Various soil investigation programmes have been
executed in and around the project area, not only to
determine the top layer of contaminated material pre-
cisely, but also to sample the intermediate soft soil
layer extensively. A statistical analysis yielded proba-
bility distributions of layer thickness and strength
parameters. According to the standards, the mean and
characteristic (95%) values are subject to correction
factors depending on the safety class, before they can
be used in geotechnical design calculations.

Design calculations
As a result of a water pressure gradient a groundwater
flow through the sandbody of the dike can occur. 
The direction can be inward or outward of the depot.
Figure 9 shows the design load situations. Most critical
happened to be the micro–stability of the Holocene toe
(next to either side of the base of the dike). The per-
meability of the isolation layer, to be applied to the
inner slope, resulted from the calculations.

The low permeability of the claylike material results in
an increase of the pore pressure when a topload is
applied. To prevent mud waves or horizontal displace-
ment of the clay to occur, the load needs to be limited.
In time, the process of consolidation cares for reduction
of this water pressure and increase of the shear
strength. A consolidation period of some months is
generally sufficient, and the next layer can be placed on
top. With the aid of a finite element programme the
construction stages and the shape of the dike can be
optimised (minimising the execution time but fullfilling
the required factor of safety).

At distinct locations under the ring dike extreme thick
layers of Holocene appear, as a result of historical river
branches and of former sand mining operations. In and
directly around these areas, the consolidation process
has to be speeded up by means of vertical band drains,
in fact increasing the permeability of the soil and thus
enabling the decrease of the pore pressure. The drains
had to be installed when reaching a construction level
of NAP +1 m.
By applying electronic pore pressure indicators in the
clay, the stability of the subsoil could be monitored
throughout the construction stages.

The primary and secondary settlement of the Holocene
layer is estimated as well, using appropriate tools.
However, especially peat consolidation is very complex
process, strongly dependent upon local soil properties.
Measurement of the settlement throughout the con-
struction period would give additional information.

TENDER PHASE

The complexity of the works and the strict regulations
of the local authorities (mainly regarding the sanitation
works, but affecting the whole project), combined with
the tight time schedule for execution, gave way to a
series of special requirements to tenderers. The con-
tractors appreciate this system of tendering differently
than the commissioner. 

The main advantage for both parties is the need for early
stud of the ins and outs of the project. The main dis-
advantage is the impossible position of the tendering
contractor: Confirmation to all clauses is compulsory,
even if it is considered technically impossible. Some
examples will be given below.
– Planning of the works. The time to complete the

works was limited, considering the size of the pro-
ject. Therefore, it was required to show in a detailed
planning how the progress of the various activities
would be. The huge number of additional time or
sequence restrictions to various parts of the works,
gave way to a very complex works programme.
Worse, complying to all the requirements at the
same moment was not possible.
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Figure 9. Groundwater flow through Ring dike in 2 design load
conditions.



during dike construction restricts this thickness. 
The backhoe dredgers used have a bucket size of 
5 to 13 m3 . These units were bigger than antici-
pated during design, but considered necessary to
achieve high production rates at low costs.
The actual tolerance is a combination of various
factors: measuring accuracy, relaxation of remaining
peat, operators tolerance, production level and spill
allowance. All together, even with the most sophisti-
cated position indication systems possible, a com-
bined tolerance of +/–  40 cm proved to be realistic
(Figure 12). 

– Strict regulations concerning maximum noise levels
were prescribed by the local authorities. However,
all tendering contractors reminded the authority of
the impossibility of this requirement. The closing
date was postponed one month, during which a 

– A detailed and legally binding method statement had
to be prepared as part of the offering bid. This way,
the tendering contractors have to figure out their
working method very carefully as part of the esti-
mate. Possible bottlenecks and risks can be identi-
fied at an early stage. 
However, the contractor’s interpretation of the soil
characteristics happened to be fairly different from
the designer’s, which made it desirable or someti-
mes necessary to apply  different working methods
than prescribed. Often this was not permitted.

– Excavating the Holocene material, consisting of soft
clay and peat, required a tolerance of +/– 15 cm
(vertically) at a water depth of –5 to –9 m. For the
ring dike cunet this requirement was important: 
For isolation purposes a minimum layer thickness is
required, but the need for a short consolidation time
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All together the project will take some 20 years to be
completed. At the end of 1998 the filling of the depot
with contaminated mud will commence (Figure 10).
Various public authorities and private companies are
involved in this dfl 200 million project (Figure 11).

Some key figures of the final design are as follows:
– The depot and adjacent reclaimed parts will cover

250 ha upon completion, of which 140 ha for the
depot itself.

– Removal and controlled temporary storage of 1.9
million m3 of contaminated mud, with a situ layer
varying from 30 to 100 cm.

– To prevent recontamination of the cleaned surface
area, 9 km of sheet pile wall is driven around the
project location

– Mechanical excavation of 3.5 million m3 Holocene
material (soft clay and peat), using this to create the
non–cultivated nature reserve adjacent to the depot.

– Dredging 14 million m3 of medium coarse sand to
create the actual depot space. Dredging depth
varies from NAP –7 m to NAP –44.5 m.

– Part of the sand has to be used to build a ring dike

around the depot, with NAP +10 m crest height
and a diameter of almost 1000 m at crest level.

– The remainder of the excavated sand will used for
the additional reclamation and for supply of the
regional market.

– Various isolation measures have been incorporated,
to prevent the pollutants to disperse out of the
storage depot in time.

– A working harbour and related facilities are built at
the southern side of the depot.

APPENDIX II. STORAGE DEPOT “IJSSELOOG”.

Figure 10. Bar chart showing the activities related to the storage depot realisation.

Figure 11. The main parties involved in commissioning the
design and execution of the works.
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1 Soil investigation
(contaminated mud)
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4 Preliminary design
5 Additional soil investigation
6 Dredging trials
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8 Tender procedures
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10 Depot filling 1st phase
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3 dB relaxation was awarded. Normally, changing
regulations like this requires at least half a year.

– A system of significant penalties and bonuses for
late or early completion of (part of) the works was
adopted. Such a system is widely used, adding
pressure to the contractor to finish the job. There
are certain benefits to the system, but during the
execution of the works it interferes with discussions
in case of unforeseen situations.

– The contractor had to posses the ISO-9002 certificate,
and design a project-dedicated QA manual. 
Especially because of the complexity of the project,
this seems appropriate, although – incorrectly – it is
often regarded as an increase in paperwork only. 

In each case, for all parties involved (contractor,
supervisor, design engineer, commisioner) this
meant adapting their nature of working, quite
drastically sometimes.

DEPOT CONSTRUCTION

The various dredging, transportation, reclamation and
other works, all related and mostly executed simulta-
neously, made a comprehensive and detailed planning
of the activities indispensible. Although last-minute 
on-the-job alterations were sometimes necessary, 
the long– term planning acted as the main guideline 
for the sequence of the works. 

In Figure 13 the planning of the works is schematically
visualised, showing the development of the project in
time. Not shown in this picture is the extensive fleet of
equipment, working close to each other, with floating
pipelines and anchoring wires spreaded all around.
Besides this, surveying the progress of the works has
to be done very frequently, to be able to hand over part
of the works, subsequently enabling the next scheduled
phase being started immediately.
In the following, a selection of the activities is described.
The inter–relationship as shown in the sketches is
neglected here. 

Dredging contaminated mud, temporary storage
For the dredging of contaminated mud, special equip-
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Figure 12. Tolerances for the backhoe dredger.

Figure 13. Execution of the works; a chronological sketch. 

Phase 1: summer ’96 Phase 2: autumn ’96 Phase 3: winter ’96/’97
Polluted silt

Silt depot

Bank protection

Sheet piling



analysis) proved to be essential to fulfill the objectives
mentioned above.

Holocene removal and storage
After removal of the contaminated top layer, the non-
contaminated Holocene material had to be dredged
separately. The need of removing all material from the
area of the future depot is clear. Furthermore, a cut of

ment is developed by the contractors during the last
decade. Key requirements in this type of work are:
– very high accuracy (x,y,z) of the excavation tool
– low spill and turbidity caused during dredging
– little dilution of the situ mud density

Out of this, several tools have been developed, quite
distinct in shape and excavating principal (Figure 14).
With prototype-like dredgers many trials have been
executed over the past years, in conjunction with the
appropriate authorities and independent consultants.
An extensive description of one series of testing is
given in the literature (Arts et al. 1995). For everyone
involved, these tests gave insight to the state-of-the-art
of high-precision sanitation dredging, to desirable
improvements, as well as to large-scale mud storage
behaviour.
For the parameters involved a probability distribution
has been deducted. In this way, it was calculated that a
cleaning efficiency of 90% would yield an economically
acceptable balance between the cleanliness level and
the costs of sanitation involved. The costs increase
dramatically at higher levels, both for site investigation
(to determine contamination layer more precisely) and
volume to be dredged and stored.
Three dredgers have been deployed to dredge the
contaminated sediment. Each dredger has its advantages
and disadvantages, but all did their job satisfactorily. 
A high degree of automation of the dredging equipment,
experienced dredge masters, and close monitoring 
of the works (echo– sounding and dredge process
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Figure 14. The auger and attached turbidity screen of the
HAM 291, one of the dredgers which was specially developed
for this type of sanitation dredging.

Phase 4: spring ’97 Phase 5: first half ’98 Phase 6: summer ’99
Holocene clay, dredged

Holocene clay, existing

Holocene clay, filled

Pleistocene sand, dredged

Pleistocene sand, existing

Pleistocene sand, filled



0.5 to 3 m is dredged at the location of the surrounding
ring dike, to reduce its construction time. In the con-
tract it is prescribed that a mechanical excavation tool
had to be used, in order to retain as much structure of
the soil as possible. The use of backhoe dredgers was
chosen because of their production level, availability
and moveability (Figure 15).

For the transportation of the soil to the unloading plat-
form, barges and pushboats were used (Figure 16).
Most of the dredged material, rich of organic material,
had to be used for the creation of non-cultivated nature
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Figure 15. Backhoe dredgers Manu Pekka and Kuokka Pekka
excavating Holocene material. With their buckets of 13 and 
8 m3, and sophisticated bucket position indication system,
they were very suitable for high production excavation 
(Rob de Wind bv).

Figure 16. Unloading Holocene material from barges into the
future nature reserve area. Five conveyor belts and 25 barges
were in use at a certain moment, together handling some
1500 m3/hour (Rob de Wind bv).



The tolerances for excavating the depot were as follows:
Side slope, from –7 to –16 m: +/– 60 cm
(⊥ slope angle)
Side slope, from –16 to –44.5 m: +/ – 2.0 m
(⊥ slope angle)
Bottom, +/– 1.0 m tolerance (vertical).

Because of the huge dimensions of the depot, this
stands for a volume of +/ – 850,000 m3.

In Figure 19 (A), the cutter suction dredger Laurum and
the required tolerance are drawn at the same scale,
and also (B) a typical realised cross-sectional profile is
shown.

The barges used for sand transport throughout the
construction site were unloaded by means of clamshell

reserves at the east side of the depot. Part of the
volume had to be stored temporarily for later re-use as
an isolation layer at the bottom of the depot. 

Originally, it was required to use the soft material
directly for construction of  the mud areas. 
However, the nature of the material, especially the high
water content and therefore small consistency, makes
it unsuitable for raising above water level. Only after
construction of surrounding sand bunds, the Holocene
material could be stored in the required fashion.  

Dredging, transportation and deposition of sand
The choice of the dredging equipment has been sub-
ject to mainly three distinct considerations: 
1) Sand dredging can only start after removal of the

layers on top, i.e. the contaminated mud and the
Holocene material. 

2) To minimise the risk of a slope stability failure, a
maximum layer thickness to be excavated was
prescribed. In the area less than 15 m from the
design slope, this layer may not exceed 1.5 m. 
The next 85 m, the maximum layer was 6 m. 
In the remaining area there was no restriction.

3) The sand had to be used in a variety of ways, i.e.
building the surrounding Ring dike and secondary
dams, a stockpile for future reselling, bund construc-
tion, or distribution to the local construction market.

This gave way to a large variety of dredging equipment
(type and size) being used. Figure 17 shows the
deployment of the dredgers as shown in Table I 
(see also Figure 18).
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Figure 17. Deployment of sand dredging equipment. A large
variety was used to fulfill the requirements of the contract at
the most economical way (drawing to scale).

Figure 18. The suction dredger Faunus loading a self-propelled
barge. Built in 1972, the Faunus has a remarkable track record
in deep suction dredging in the IJsselmeer area, producing up
to 2500 m3/hr.

Table I. Variety of dredging equipment (type and size) utilised.

Name Dredger type Max depth [m] Pump power [kW] Mean production [m3/wk] Pipe diameter [mm]

Haarlem cutter suction –16 3500 70,000 700
Zuiderklip cutter suction –18 3150 80,000 700
HAM 251 deep suction –40 1270 115,000 600
Sliedrecht 27 deep suction –55 5450 315,000 800/900
Aegir+OX3 cutter suction –45 1750 70,000 700
Faunus deep suction –50 700 100,000 (barge loading)
Laurum cutter suction –45 800 37,500 350
Various suction hopper (600–800 m3)



cranes, putting the sand into the feeder of a conveyor
belt. This way the relatively small bunds for Holocene
storage were constructed.

The use of a pipeline system (floating, sinker pipe or
land-based) for transportation of the sand (with a maxi-
mum of a few kilometres) is to be preferred in terms 
of production capacity and production costs. Indeed,
this method is used for the majority of the works. 
The final deposition of the sand has been done using
two principles: 
1) Underwater deposition by means of a floating

spraying pontoon. In Figure 20 the HAM 1208 is
shown, which is equipped with a fully-automated
control system: The six constant tension hydraulic
winches move the pontoon, making use of a DGPS
positioning system coupled to an online production
measurement. This way, small layers can be put in
place precisely, at a high production capacity
(see Kranendonk and Vlak 1992).

2) A conventional reclamation site. The sand/water
mixture is pumped behind prepared bund walls.
Bulldozers are used to ensure an even distribution
and good compaction of the sand. The surplus of
process water is being let off at the far end of the
reclamation area. The required fill profile and the
generated production rate determine the number of
pipes added per hour. 

Ring dike construction 
The geotechnical structure of the Ketelmeer area is
described in Appendix I. Throughout the projected site
an intermediate layer of Holocene material (peat and
soft clay) is present. 
Completely removing the Holocene layer at the ring
dike location was not acceptable. It plays a role in
shielding the contaminants off of the mainstream of

the groundwater (ending up in the polders). Thus, 
a layer of generally 2, but up to 10 m of compressible
and low-strength material has been left in place. 
The ring dike is built on top of this, using the excavated
sand of the storage depot. Consequently, the construc-
tion of the sand body is subject to stability and consoli-
dation phenomena. 
The tender prescribed the building stages in quite a
detailed way. Later, during the actual construction, 
it was proven that further optimisation of the construc-
tion schedule was possible.

An even distribution of the sand with limited layer
thickness was required, because of the limited shear
strength of the soft layer. The HAM 1208 was used for
the underwater part of the dike construction.
The layers above mean water level were built by
means of a conventional reclamation site, pumping the
sand/water mixture between bund walls. Bulldozers
are used to ensure an even distribution and good
compaction of the sand.

In Figure 21 the results of a CPT (cone penetration test)
from the NAP +1 m level is shown. The soil layers can
be identified quite easily. Remarkable is the cone
resistance of the sand layers. The sand placed by
means of the spraying pontoon reaches values from 
1 to 5 MPa (increasing upwards). In the conventional
reclamation fill (from NAP – 0.5 to +1.0 m) the values
sometimes exceed 10 MPa.

Other activities
A substantial amount of bank protection works are part
of the project, some for temporary use, some for 
long-lasting protection of the construction. Use is 
made of woven mats covered with a layer of stones. 
A working harbour will be installed outside the ring
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Figure 19. A) The slope and bottom of the depot had to be
trimmed within the required tolerances. For this job the
demountable CSD Laurum was employed (left). B) A typical
realised cross-sectional profile is shown at right. 

Scale: Horizontal: 1:1000    Vertical: 1:200



dike. Quays and facilities will be constructed. Hopper
barges will moor here during the major clean-up of the
Ketelmeer, to unload the contaminated material into
the storage depot by means of a pump/pipeline system.

Conclusion

The Ketelmeer clean-up and depot filling are planned to
commence at the end of 1998. The tender procedure
for the first sanitation contract of the Ketelmeer
(eastern side) is currently in preparation. 

At other sites in the northern part of The Netherlands
(mainly small scale projects) the sanitation works are
ready to start as well.
At this moment, other parts of the Ketelmeer master
plan, like the IJsselmonding delta development and the
Ketelmeer fairway deepening, are in a design stage.
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Figure 20. Spraying pontoon HAM 1208, capable of building
thin-layered underwater sand bunds at a production up to
4000 m3/hr (Rob de Wind bv).

Figure 21. Results of a Cone Penetration Test from the NAP +1.
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The Emerging Indian Dredging Needs
Proceedings of the Dredging Symposium ‘97. Chennau,
India, November 13-14, 1997. Soft cover, 195 pages,
illustrated.

Eastern Dredging Association

Dredging Symposium ‘97, with the theme “The Emerging
Indian Dredging Needs”, is the Third National Dredging
Symposium conducted by the Eastern Dredging Asso-
ciation (India). The earlier two symposia were held 
at Madras in 1993 and Hyderabad in 1995. It is com-
mendable that the Indian Association, which was only
established in 1992 during the World Dredging Congress
held in Bombay, has since then held three national
symposia dedicated to dredging technology. This is an
achievement that is unique in the jurisdiction of the
Eastern Dredging Association and may bode the
increasing activity of the EADA.

The symposium was organised into six technical sessions,
each devoted to a specific subject area. It is encouraging
to note the increasing attention to the environmental
aspects of dredging and the balanced approach to the
environmental and development issues. Another aspect
of the symposium was the increased emphasis on the
use of private sector resources for dredging works.

The symposium presented 24 technical papers. 
The gamut and quality of the papers is impressive, the
quality of the commemorative proceedings is excellent,
and the presentation of the papers was well executed.
The inclusion of some colour printing is a measure of
the sophistication of the proceedings. The listing of the
technical papers and their authors is as follows:

Session I
• Environmental Impacts of Dredging, Kamath, M.M.
• Coastal Zone Management vis-α-vis The Develop-

mental Activities of Chennai Port Trust, Meenakshi
Sandraram, V. and Padmanabhan, T.

• Marine Pollution and Environmental Aspects of
Dredging, Thakur, Lt. Cdr. S.K. 

• Dredging Requirements for New Naval Base at
Karwar, Gupta, Capt. R.

Session II
• Hopper Capacity: Getting the Size Right, Sudhakar,

U.R.P.
• Improving the Operational Efficiency of Cutter

Suction Dredgers, van den Elshout, J. and  Basu, B.
• Trailing Suction Hopper Dredger: Designing for

Performance, Krishna Kumar, B.V.R.

Session III
• Privatisation of Dredging in Gujarat Maritime Board,

Joshi, H.G.
• Planning Dry Docking Repairs of Ports’ Own Dredgers,

Kamath, N.A., Padmanabhan, T. and  Annamalai, S.
• Dredging Requirements in Fishing Harbours,

Omprakash, K.
• Rock Breaking and Blasting in Dredging, Singh, A.K.

Session IV
• Soil Characteristics and the Dredging Process,

Brahme, Dr. S.B. 
• Siltation and Dredging Problems in Sogal Channel -

A Critical Evaluation, Purandare, U. V., Nayak, 
Dr. B. U., and  Gupta, R. S.

• The Siltation and Dredging Problems in the Channel
to Kandla Port, Rao, Dr. G.S.

• Siltation in Mumbai: Monsoon Phenomenon -
Synopsis, Puthur, Lt. Cdr. J.J.

Session V
• Cleaning of Silt Ejector at Tanakpur Hydroelectric

Project, Rao, G.M.
• Desiltation of Reservoirs, Goswami, B.
• Dredging Work Done for Reclamation of Land at the

Kayamkulam Power Project Site in Kerala, George,
Col. V.

• Dredging for Conservancy of Water Resources,
Rama Rao, K.

Session VI
• Maintenance Dredging in the Bulk Cargo Berths,

Meenakshi Sundaram, V., Phanmanabhan,T. and
Premnath, L.K.

• Efficient Dredging or Dredging at the Lowest Cost
per Cubic Metre, Mourik, R.
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The software displays the text in large readable fonts,
and scrolling through the text is a pleasant experience.
Furthermore, Volume II is a completely searchable data
base of 86 Technology Fact Sheets and 18 Case Studies
containing much of the technical information and
sources of technologies and international experiences
in dealing with contaminated dredged material. 

This report, as was the case of the earlier report, Volume
I, was produced by an international Working Group
convened by PIANC. Members of the Working Group
represent a number of countries and are acknowledged
experts in the subject under consideration. This report
completes the final stages of a four-year comprehensive
assessment of the handling and treatment of contami-
nated dredged material.
Volume I also provides a general framework outlining the
case-by-case approach to assessment and selection of
handling and treatment of CDM from ports and inland
waterways. The Working Group’s goal was to develop a
fully consistent and logical technical approach that could
be applied within the context of any of the countries’
navigation and environmental regulatory programmes.

However, to be able to use the Contaminated Dredged
Material Technical Framework (CDMTF) presented in
Volume I of the report, the designer needs more practical
information. This information, or at least a reasonable
portion of it, has been developed and compiled into
Volume II of this report. Volume II contains much of 
the technical information and sources of technologies
and experiences in dealing with CDM. Where practical,
there is a direct link between the general material
presented in Volume I with the more technical sources
of information provided in Volume II.

While the emphasis of the report is on contaminated
dredged material from maintenance dredging of ports and
inland waterways, it also recognises capital dredging
and remediation of contaminated sediment and soil
adjacent to the navigation channels. 
There is no question that for anyone even remotely
involved with contaminated sediments, this work is a
major and essential acquisition. PIANC has truly out-
done itself with the comprehensiveness and inno-
vativeness contained in this publication.

While the basic subject matter is extremely relevant and
represents a significant contribution to the literature, the
use of computer-based technology to present and
promulgate the information is also historical. It would be
surprising if this publication does not go down as the
most demanded publication ever produced by PIANC.

Publication may be obtained from:
PIANC General Secretariat
Graaf de Ferraris, 11e etage- Bus 3
Boulevard Emile Jacqmain 156
1000 Brussels, Belgium

• Optimisation of Dredging for a Shore Based Cooling
Water Intake of a Refinery, Kapileshwar, P.C.,
Prakash, H., Phansalkar, A.G. and  Purandare, U.V.

• Hydraulic aspects of Reclamation Proposals in
Estuarine Environment and Role of Hydraulic Model
Studies, Purandare, U., Chandra, P., Honkanadavar,
N.P. and  Nayak, B.U.

• Dredging Contracts - Need for Standardisation,
Kanta Rao, K.

The technical papers are extremely comprehensive,
with subjects ranging from navigation, to environmental,
to hydraulic efficiency, equipment and operational
efficiencies, to conservation dredging. Another aspect
of the proceedings worthy of mention is the strong
support shown by advertising firms that presumably
underwrote the expense of these well-assembled
proceedings. These proceedings bear your attention.

Publication may be obtained from:
EADA Secretariat
GPO Box 388, Hamilton Central
QLD 4007, Australia

Handling and Treatment of Contaminated Dredged
Material from Ports and Inland Waterways, “CDM”,
Volumes I and II.
Permanent International Association of Navigation
Congresses (PIANC). PTC 1 Report of Working
Group No. 17, Supplement to Bulletin no. 89, 1997.
CDROM. Brussels, Belgium.

PIANC General Secretariat

PIANC continues to demonstrate its leadership in
developing sound and timely technical publications
related to navigation in general and specifically to the
environmental aspects of dredging. The current publi-
cation includes the earlier Volume I and augments that
with Volume II, all employing a state-of-the-art CDROM
format. In keeping with PIANC literature tradition, the
text contained on the CDROM is both in English and
French, although Volume II is only available in English
on the version reviewed. This method of presentation
truly marks a milestone in the technical literature for
dredging, and is, perhaps, ahead of many other
engineering disciplines. 

The CD-ROM uses a media friendly software (Folio
Views 4.11 for Windows) allowing the user to display
the text on any Windows-based computer platform.
The software states that it requires the following mini-
mum requirements:

Minimum Requirements:
– Windows 3.1, Windows 95, or Windows NT
– 486 Processor
– 4 MB RAM
– 2 MB Disk Space  
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WODCON XV, “Dredging Into the 21st Century”
and Exhibition

Las Vegas, Nevada, USA
June 28-July 2, 1998

The Fifteenth World Dredging Congress and Exhibition,
hosted by the Western Dredging Association (WEDA),
will include a four day technical programme with the
theme “Dredging Into the 21st Century”. Topics include
but are not limited to: infrastructure; dredging equipment
and innovations; dredge automation; disposal of dredged
materials; beneficial uses of dredged material; environ-
mental issues; dredging and the economy; education
and training; and dredging case studies. On day 2 of the
congress, the WODA Environmental Day, “Dredging
and the Environment: Working Together”, will be held.
The IADC (International Association of Dredging Com-
panies) will present a prize to the best paper by a young
author (younger than the age of 35). DCA (Dredging
Contractors of America) will also present an award for
an outstanding paper.
The conference will be accompanied by an exhibition 
of dredging and marine construction-related
equipment/displays which is also being organised by
WEDA. 

For further information about the conference or exhibition
space please contact:
Lawrence Patella, Executive Director
Western Dredging Association
PO Box 5797, Vancouver, WA 98668-5797, USA
tel./fax  +1 360 750 1445, or
tel. +1 503 285 5521, fax +1 503 240 2209

BaltExpo ’98
Olivia Hall, Gdańsk, Poland

September 1-4 1998

This ninth international maritime exhibition, organised
by the Warsaw Exhibition Board of Biuro Reklamy SA
and Agpol Promotion Ltd,  attracts exhibitors and
visitors from both Eastern and Western Europe. 
The expo is sponsored by Poland’s Ministry of Trans-
port and Maritime Industry. The register of exhibits
includes shipbuilding and repair; ship equipment; 

ports, terminals and port service; offshore; maritime
management; salvage and pollution control and more.

For further information please contact:
Agpol Promotion Ltd
17, Sniadeckich Street, 00-654 Warsaw, Poland
tel. +48 22 628 7295,  +48 22 628 7296,
fax +48 22 625 2398
email: agpol@pol.pl

Biuro Reklamy SA
9, Flory Street, 00-586 Warsaw, Poland
tel. +48 22 49 60 06,  +48 22 49 60 81,
fax +48 22 49 35 84
email: BRSA@pol.pl

“Ecologically Sound Banks Along Fairways”
Technical University Delft, The Netherlands 

September 4-6 1998

This international postgraduate course is being offered by
the Road and Hydraulic Engineering Division (RHED) of
Rijkswaterstaat in conjunction with the PIANC confer-
ence taking place in The Hague. The course will be held
at the faculty of Civil Engineering of Technical University
Delft, and is of particular interest to young professionals
in the field of the ecology of the “wet infrastructure”.
Experts in hydraulic engineering and ecology from the
RHED, joined by experts from other countries, will
acquaint participants with the concept of ecologically
sound banks and with a practical, systematic approach
to the management of multi-functional banks. 
The costs of the course are NLG 550 (US$300) and
include lunches, transportation, excursions and the
course proceedings. There is a reduced fee for partici-
pants from developing countries (NLG 350, US$200).

For further information or a registration form please
contact:
Rijkswaterstaat, Hydraulic Engineering Division
att: R. Boeters (course Leader)
PO Box 5044, 2600 GA Delft, The Netherlands
tel. +31 15 269 9111, fax +31 15 261 1361
Email: R.E.A.M.Boeters@dww.rws.minvenw.nl, or
M.A.Graafland@dww.rws.minvenw.nl
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is being organised by the Hamburg Messe (Germany),
the RAI group (The Netherlands) and the Shanghai
International Exhibition Corporation (SIECO), with the
cooperation of the Chinese Ministry for Transport.
Shanghai is the largest seaport in PR China and is in
competition with other ports in the Far East. 

To increase efficiency, plans are being made for the
expansion and modernisation of the Chinese trading
fleet, to the development and construction of container
and other ships, and to extensive projects to improve
the infrastructures of the ports and of the hinterlands. 
The exhibition will provide an important venue for those
interested in the growing sea trade with China.

For further information contact:
Hamburg Messe
St. Petersburger Strasse 1
D-20355 Hamburg, Germany
tel. +49 40 3569 2192, fax +49 40 3569 2187
email: hamburgfair@hhmesse.de   
http://www.hhmesse.de

Marine Port Vietnam
Ho Chi Minh City International Exhibition

and Convention Centre, 
Ho Chi Minh City, Vietnam

November 3-5 1998

Vietnam is strategically located to become an important
transshipment centre for the Indochina region and
Southeast Asia. With over 3200 km of coastline and
more than 11,000 km of inland rivers and canals, the
potential for waterborne transportation and shipment is
enormous. The government is committed to investing
in port development and shipping infrastructure as well
as the upgrading and modernisation of its current
merchant vessel fleet. Such ports as Hai Phong, Da Nang,
Vung Tau, Saigon (the country’s largest port), Thi Vai,
and Phu My (the first private port), are already being
expanded. 

This exhibition provides an opportunity to take part
early on in the rapidly developing Vietnamese maritime
industry. 

For further information contact:
Singapore RAI, 1 Maritime Square #09-01
World Trade Centre, Singapore 099253
tel. +65 272 2250, fax +65 272 6744

Amsterdam RAI, PO Box 77777
1070 MS amsterdam, The Netherlands
tel. +31 20 549 1212, fax +31 20 646 4469

Hamburg Messe, PO Box 302480
20308 Hamburg, Germany
tel. +49 40 3569 2187, fax +49 40 3569 2187

29th PIANC International Navigation Congress
Netherlands Congress Centre, 
The Hague, The Netherlands

September 6-11 1998

The 29th International Navigation Congress of the
Permanent International Association of Navigation
Congresses (PIANC) will be held next autumn in 
The Hague, The Netherlands. There will be two
sections which will be running in parallel sessions: 
(I) inland navigation, and (II) maritime naviagation.

Two technical excursions, to the ports of Rotterdam and
of Amsterdam, are also planned. In addition, the congress
will be preceded by two short postgraduate courses
organised by the Road and Hydraulic Engineering division
of The Netherlands government agency, Rijkswaterstaat
(Ministry of Transport, Public Works and Water Manage-
ment) in cooperation with Technical University Delft. The
International Exhibition on Ports and Navigation, which is
being held concurrently in the Statenhal of the Netherlands
Congress Centre, is directly accessible to the conference.

For further information about the congress or related
events please contact:
Lidy Groot Congress Events
PO Box 83005, 1080 AA Amsterdam, The Netherlands
tel. +31 20 679 3218, fax +31 20 675 8326
email: Lidy.Groot@inter.nl.net

Odessa 98
Passenger Terminal Building,

Port of Odessa, Ukraine
October 20-23 1998

The Third International Exhibition for Shipping, Ship-
building, Ports and the Offshore Industries of Ukraine and
the Black Sea region will be held in October in Odessa.
The exhibit will offer opportunities to view the latest
shipbuilding technologies and port equipment, to increase
sales to Ukraine and the CIS. It will also focus on short-
sea and ferry operations in and around the Black Sea;
developing inland waterways and upgrading port handling.

For further information contact:
Odessa 98, Dolphin Exhibitions
112 High Street, Bildeston, Suffolk IP7 7EB, UK
tel. +44 1372 278 411
fax +44 1372 278 412, +44 1449 741 628
telex: 987882 MRM INT G

Marine Port China 1998
Shanghai Exhibition Centre, PR of China

October 27-30 1998

The Sixth International Exhibition for Port and Water-
way Construction, Shipbuilding Industry and Transport
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Expo Marítima Mercosur
Centro Costa Salguero, 

Buenos Aires, Argentina
November 11-13 1998

The newly developed Expo Marítima Mercosur is being
organised by Diversified Expositions, a leading publisher
of marine journals including Workboat Magazine, and
producer of the International Workboat Show. This new
event follows on the heels of the recent creation of
Mercosur -- a free trade zone developed by Argentina,
Brazil, Paraguay, Uruguay and associate members Chile
and Bolivia. It spotlights the construction of the Hidrovía,
the inland waterway system linking the Mercosur
countries, and reflects the accelerated investment and
interest in this area.

The exhibition will provide an important venue for those
involved in port construction, inland waterway develop-
ment, oil exploration, cargo handling, vessel overhaul
and other marine-related industries.

For further information contact:
Diversified Expositions Latin America
121 Free Street, PO Box 7437, 
Portland, ME USA 04112-7437
tel. +1 207 842-5500/ fax +1 207 842 5503, or

Diversified Expositions Latin America
Uruguay 1134, 7o, “B”
1016 Buenos Aires, Argentina
tel. +54 1 813 1814/ fax +54 1 813 6143

Call for Papers
Hydro ’99

University of Plymouth, UK
January 5-7 1999

Papers are now invited for The Hydrographic Society’s 
eleventh international symposium. Supported by an
exhibiton of equipment and services, the symposium’s
main theme will be “Information Management” and
will deal with a wide range of global issues affecting
acquisition, management and presentation of hydro-
graphic data. Topics include: transfer of data sets from
vessels via satellite to shore-based processing centres;
production of online DTMs; visualisation of land and
marine data in four dimensions; data manipulation and
presentation for ECDIS and GIS.

In addition to conventional spoken presentations, there
will be opportunities for electronic reviews of issues
utilising a university computer suite or media such as
Internet. For further information concerning proposed

papers on designated topics and related subjects
contact:

Hydro ’99, Institute of Marine Studies, 
University of Plymouth, 
Drake Circus, Plymouth PL4 8AA UK
tel. +44 1752 232410, fax +44 1752 232406
email: hydro99@plymouth.ac.uk

Coastal Structures ’99
Royal Palace of the Magdalena,

Santander, Spain
June 7-10 1999

Puertos del Estado (State Ports of Spain) and the
Universidad de Cantabria are organising a conference
co-sponsored by the American Society of Civil Engin-
eers (ASCE). The Conference welcomes papers on 
all aspects of the design, construction and maintenance
of coastal structures, such as: functionality, stabiltiy 
and reliability; wave and structure interaction; geotech-
nical aspects; physical modelling and field monitoring;
environmental problems associated with structures,
and so on.

Five copies of each abstract must be submitted in
English by September 30, 1998. Abstracts should be
no longer than 2 pages. The final camera-ready paper
from accepted authors is due on October 1, 1999.
Authors may submit abstracts as an email attachment
in Word, Wordperfect or ASCII. Fax copies will not be
accepted.
Authors will be notified of acceptance by December
1998.

For further information check the homepage of the
Coastal Structures 99:
http//www.omniasc.es/aforo/coastal99 
or email at: aforo@omniasc.es.

Please send abstracts to:
Prof. Inigo J. Losada, 
Secretary, Coastal Structures 99
Ocean & Coastal Research Group
E.T.S.I. de Camnos, Canales y Puertos
AV. De los Castros s/n.
39005 Santander, Spain
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Africa
Boskalis South Africa (Pty.) Ltd., Capetown, South Africa
Boskalis Togo Sarl., Lomé, Togo
Boskalis Westminster Cameroun Sarl., Douala, Cameroun
Boskalis Zinkcon (Nigeria) Ltd., Lagos, Nigeria
Dredging International Services Nigeria Ltd., Lagos, Nigeria
HAM Dredging (Nigeria) Ltd., Ikeja, Nigeria
Nigerian Dredging and Marine Ltd., Apapa, Nigeria
Westminster Dredging (Nigeria) 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 Caribbean Office, Curaçao, NA
Norham/Dragagens, Rio de Janeiro, Brazil
Stuyvesant Dredging Company, Metairie, LA, USA
Uscodi, Wilmington, DE, USA

Asia
Ballast Nedam Malaysia Ltd., Kuala Lumpur, Malaysia
Ballast Nedam Dredging, Hong Kong Branch, Hong Kong
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 (M) Sdn Bhd, Kuala Lumpur, Malaysia
HAM East Asia Pacific Branch, Taipei, Taiwan
HAM Hong Kong Office, Wanchai, Hong Kong
HAM Philippines, Metro Manila, Philippines
HAM Singapore Branch, Singapore
HAM Thai Ltd., Bangkok, Thailand
Jan De Nul Singapore Pte. Ltd., Singapore
Mumbai Project Office, Mumbai, India
PT Penkonindo, Jakarta, Indonesia
Tideway DI Sdn. Bhd., Selangor, Malaysia
Van Oord ACZ B.V., Dhaka, Bangladesh
Van Oord ACZ B.V., Hong Kong
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., Sydney, NSW, Australia
Dredeco Pty. Ltd., Bulimba, QUE., 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 Bau und Bagger GmbH, Hamburg, Germany
Ballast Nedam Dredging, Zeist, Netherlands
Ballast Nedam Dragage, Paris, France
Boskalis Dolman B.V., Dordrecht, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Oosterwijk B.V., Rotterdam, Netherlands
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
Dragados y Construcciones 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
HAM, dredging and marine contractors, Capelle a/d IJssel,
Netherlands
HAM-Van Oord Werkendam B.V., Werkendam, Netherlands
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, Brussels, Belgium
Philipp Holzmann Aktiengesellschaft, Hamburg, Germany
S.A. Overseas Decloedt & Fils, Brussels, Belgium
Sider-Almagià S.p.A., Rome, Italy
Skanska Dredging AB, Gothenborg, Sweden
Sociedade Portuguesa de Dragagens Lda., Lisbon, Portugal
Sociedad Española de Dragados SA., Madrid, Spain
Società Italiana Dragaggi SpA. “SIDRA”, Rome, Italy
Société de Dragage International “S.D.I.” S.A., Marly le Roi, France
Sodranord SARL, Paris, France
Tideway B.V., Breda, Netherlands
Van Oord ACZ B.V., Gorinchem, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Van Oord ACZ B.V., Zwijndrecht, Belgium
Volker Stevin Baggermaatschappij Nederland B.V.,Rotterdam,
Netherlands
Volker Stevin Dredging B.V., Rotterdam, Netherlands
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 1998
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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