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EDITORIAL

Undoubtedly you have already discovered the bonus publication tucked into
Terra et Aqua this month: Dredging: The Facts is a brief but clear summation
describing the important role that dredging plays in our social and economic well-
being. The co-publishers (IADC, WODA, PIANC and IAPH) are hoping to
reach as wide an audience as possible. Indeed it is aimed at an audience that may
be only superficially acquainted with dredging – its purpose is to educate. If you as
a reader find it useful, please let us know. And if you need additional copies, they
are available from the IADC at a nominal charge.

In the realm of education, the IADC, in its efforts to encourage young people
to pursue careers in dredging-related professions, has once again presented its
“Most Promising  Student” Award to a recent graduate of TU Delft. His article,
which examines overflow losses via both a simulation model and onboard
measurements, begins on page 12. The prize has a monetary reward as well as
publication in Terra, and so professors worldwide you are encouraged to send in
your nominations!

In another activity reflecting IADC’s commitment to education, a reminder
that the International Seminar on Dredging and Reclamation will be given
November 8-12 in Buenos Aires, Argentina, running consecutively with Expo
Marítima Mercosur. IADC will have a booth at at this important South American
exhibition and is also planning to participate in a short dredging conference given
at the Expo on Saturday, November 13.

This has been an active decade for the dredging industry – new ships, new
projects, new technologies. The treatment of contaminated dredged material
described at the Malcontenta plant, Venice (page 22) as well as the strategraphic
information gathered in Hong Kong (opposite page) are examples of the kind of
advances dredging has achieved.

Marsha R. Cohen
Editor



ponent of Hong Kong’s economic growth since the
beginning of the century (Martin et al., 1997). However
in the last ten years the scale of reclamation has in-
creased dramatically with the initiation in 1989 of the
Hong Kong Airport Core Programme (Lam, 1998) which
included the construction of the 1248 ha airport plat-
form at Chek Lap Kok and reclamations at West 
Kowloon, Central and elsewhere in Hong Kong. 
By 1996 the total area reclaimed in Hong Kong was
about 6000 ha and comprised around 5% of its land
area. Reclamations are set to continue in the future
with planned developments such as major container
ports near Lantau Island.

Abstract

Although reclamation of land from the sea has always
been an aspect of Hong Kong’s development, in the
last decade the scale of reclamation has increased
dramatically fueled by the initiation in 1989 of the 
Hong Kong Airport Core Programme. This included 
the construction of the 1248 ha airport platform at 
Chek Lap Kok and reclamations at West Kowloon,
Central and elsewhere in Hong Kong. 

These recent reclamations have stimulated a variety of
site investigation techniques and methods. The exten-
sive surveys undertaken for locating fill resources has
benefitted the interpretation of the marine geology of
Hong Kong by providing a widespread grid of reflection
seismic lines with associated boreholes and CPTs. 
This has enabled the stratigraphy to be based on a
regional scale appraisal and allowed the geological
interpretations of relatively small reclamations to be 
set in the context of the surrounding geology. This is 
an important parameter for functions such as 
drainage pathways or sea wall design and construction
whose effects impinge beyond the boundaries of a
reclamation.

This paper is published with the permission of the
Director of the British Geological Survey. the Director of
Civil Engineering, Hong Kong SAR Government and the
Airport Authority Hong Kong. Mr Niall Spencer of BGS
Cartography produced the colour figures.

INTRODUCTION

Physically Hong Kong is characterised by hilly and
mountainous terrain; flat land has always been at a
premium, especially near the coast where the major
centres of population have grown. The reclamation of
land from the sea has therefore been an integral com-
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The enormous scale of these recent reclamations in
terms of infrastructure design and construction has
stimulated a variety of site investigation techniques and
methods which have been imaginatively deployed. 
The wealth of new site investigation data available, not
only from localised reclamation sites, but also from the
extensive surveys undertaken for locating fill resources
has benefitted the interpretation of the marine geology
of Hong Kong by providing a widespread grid of reflec-
tion seismic lines with associated boreholes and CPTs.
This has enabled the stratigraphy to be based on a
regional scale appraisal and allowed the geological
interpretations of relatively small reclamations to be 
set in the context of the surrounding geology. This is 
a very important parameter for functions such as 
drainage pathways or sea wall design and construction
whose effects impinge beyond the boundaries of a
reclamation.

RECLAMATION DESIGN AND CONSTRUCTION

The need to design and assess the behaviour of
reclamation platforms both during and after construc-
tion has long been acknowledged in Hong Kong. 

To model this behaviour geotechnically requires a
comprehensive analysis and understanding of the
geology at reclamation sites. A framework based on
geological interpretation of the site investigation data,
which should be as extensive as possible, has to be
developed for each reclamation, built up of the various
formations and units of sediment and rock which
underlie the platform. 
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Figure 1. Quaternary sea levels (after James, 1993 and Fyfe 
et al., 1997).

Such an interpretative framework can indicate the
spatial distribution, both vertical and lateral, of all the
geological formations. It is a fundamental building block
which should underpin all reclamation design and
construction and provide critical information and data
including:
– distribution of soft compressible sediment;
– base levels for dredging soft sediment from platform

sites;
– distribution of over-consolidated sediment such as

palaeosols, which may influence ground movement
and control the magnitude and rate of settlement;

– identification of drainage pathways below the
reclamation through sand and gravel horizons; 

– identification of platform areas which may need
ground treatment such as surcharge or dynamic
compaction;

– identification of potential problem areas for settle-
ment and stability at seawalls and within the
reclamation platform;

– identification of platform areas which should be
subject to monitoring by instrumentation such as
inclinometers, extensometers and piezometers;

– level of top of decomposed rock and its thickness;
this level may also equate with the base of superficial
deposits in most reclamations; and

– level of top of Grade III – moderately decomposed
rock.

The geological interpretation therefore provides a basis
for the assessment of platform performance in terms
of total and differential settlement. With regard to
dredging and fill requirements it is important in the
calculation of material volume, both for any soft sedi-
ment dredged from reclamation sites and fill material,
to create a platform.

DEVELOPING GEOLOGICAL

INTERPRETATIONS

In developing a geological interpretation for a reclama-
tion platform, the aim is to produce a model of the
three-dimensional geometry and lithology of the super-
ficial deposits which underlie a site, and the form of the
rockhead surface on which they sit. Superficial deposits
in this context comprise unlithified, transported material
of sedimentary origin deposited within the Quaternary
Period, a time span covering the last two million years.
Superficial deposits do not include "rock" which may
locally have weathered in situ to unlithified deposits. 

A number of factors influence the processes of sedi-
mentary deposition and therefore have to be reconciled
within a geological interpretation. These are:
– climatic changes during the Quaternary Period;
– global sea level oscillations reflecting these climatic

changes;
– morphology of rock outcrops in the reclamation area;



– alluvial, estuarine and marine erosion and deposition;
and

– hydrodynamic conditions.

On a regional and global scale the most important
factor determining the disposition of the superficial
deposits is Quaternary climate change. During the
Quaternary, the climate fluctuated between glacial and
interglacial cycles. Major oscillations in sea level were
associated with these climatic changes. Figure 1
shows the climatic state and global sea level curve for
the Late Quaternary.

In Hong Kong these changes in sea level and climate
had a profound influence on the geological develop-
ment of nearshore coastal areas in which reclamations
are constructed. During glacial periods, all areas of
Hong Kong which are presently beneath the sea
became emergent. Exhumed landscapes were formed
in superficial deposits, crossed by rivers and streams
eroding and depositing sediment. Vegetation covered
the landscape, underlain by extensive soil profile
development. With subsequent rises in sea level 
during interglacial periods, landscapes became in-
undated and modified by the sea. However, soil
profiles may remain as palaeosols beneath younger
superficial deposits. With rising sea levels upstanding
parts of old land surfaces formed of unconsolidated
material could be eroded by wave action, cutting the
surface on which subsequent estuarine and marine
sediments were deposited.

The sequence of events which mark the depositional
and erosional history of the superficial deposits of 
Hong Kong would therefore appear to be complex and
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difficult to interpret. However, with a comprehensive
site investigation programme and knowledge of the
history of sedimentation during the Quaternary in 
Hong Kong derived from a regional perspective, an
interpretation can be constructed to produce a geo-
logical framework for reclamation design and con-
struction. 

METHODS OF INVESTIGATION AND DATA

An important element in the quality of a geological
interpretation for any reclamation is the quality and
extent of site investigation undertaken. 

Survey grid
The first imperative is a survey grid of high resolution
reflection seismic records, generally at a maximum
spacing of 50 to 100 m. The grid should be rectangular
with one axis aligned along a principal feature of the
reclamation such as a sea wall or  runway. Additional
seismic lines should be run along the alignment of any
major structures including those which deviate from
the grid plan. Figure 2 includes the tracks of seismic
surveys undertaken in the Penny’s Bay area of Lantau
Island and the proposed site of Container Terminals 
10 and 11 (James, 1994). It illustrates the difference
between a modern survey, undertaken in 1994, with a
rectangular grid at 50 m spacing and an older, 1981
survey within Penny’s Bay itself, which has an irregular,
spaghetti-like plan with no clearly defined individual
lines and are therefore more difficult to interpret.

Reflection seismic surveys of Hong Kong reclamations
principally employ a boomer acoustic source (Ridley

Figure 2. Seismic surveys at Penny’s Bay  (James, 1994).



finance available. For example, the marine geological
interpretation for the new airport at Chek Lap Kok
(James et al. 1994), which covered an area of about
938 ha, utilised 236 boreholes and 404 deep CPTs. 

The vast majority of these were sited for engineering
and construction criteria rather than geological and only
a minority are located exactly on seismic lines.

Calibration of the geophysical data
The final part of any investigation is the calibration of
the geophysical data from seismic and CPT sources.
The physical and lithological results from borehole
logging and any specialist input from palaeontologists,
petrologists, geotechnical engineers and other special-
ists is used to produce  a comprehensive geological
interpretation with delineated formations and units
described in detail and illustrated with isopach and 
base level maps, and cross sections along the major
structures such as sea walls and runways.

MARINE GEOLOGY AND STRATIGRAPHY

The offshore superficial deposits of Hong Kong map-
ped by the Hong Kong Geological Survey have pre-
viously been subdivided into two formations, the 
Hang Hau Formation and the Chek Lap Kok Formation,
based on lithological and palaeontological evidence
from boreholes and on interpretations of seismic
character (Strange and Shaw, 1986; Langford et al.,
1989). The subdivision has a chronological element,

Thomas et al., 1988). Depth of penetration beneath the
sea surface is normally about 100 m, an adequate
depth to reach the base of superficial deposits at most
coastal reclamation sites. The boomer normally gives
excellent resolution within superficial deposits allowing
detailed interpretations to be undertaken. Because of
the nature of the predominant solid rocks in Hong
Kong, mainly granites and volcanics in various states of
decomposition, acoustic impedance contrasts are very
low and this leads to poor penetration and resolution
within these solid rocks, in marked contrast to the
normally well resolved superficial deposits.

Boreholes and CPTs
A thorough interpretation will produce seismic records
annotated with picked reflectors (Figure 3) delineating
the formations and units which have been interpreted.
In an ideal site investigation the seismic interpretation
should precede any borehole or CPT (cone penetrom-
eter test) survey undertaken to produce lithological and
geotechnical data. To calibrate and confirm the seismic
interpretation, boreholes and CPTs should be sited to
give the optimum amount of data for all formations.
They should always be located directly on seismic
lines, preferably at the crossover of two lines, allowing
the borehole or CPT data to be traced in four directions
away from the location.

The number of boreholes and CPTs undertaken for a
site investigation will depend on the area covered by
the reclamation, the complexity of the geology and the
structures to be built on the reclamation, as well as the
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Figure 3. Interpreted seismic record and CPT trace (James et al., 1994).



reflectors and sequences which can be traced exten-
sively on a regional scale. Where seismic lines are
greater than 500 m apart it is difficult to produce con-
tinuity and interpret distinctive sequences and units
within the Chek Lap Kok Formation. However, at some
reclamation sites, such as the new airport, where the
seismic grid is at a spacing of 100 m or less, character-
istic seismic reflectors and sequences can be deduced
from the interpretation of seismic records which allows
the Chek Lap Kok Formation to be subdivided into units
(Figure 4).

RECLAMATION GEOLOGY

The regional stratigraphy outlined above has been used
as the basis for the detailed interpretation of the geolo-
gy of two reclamation sites in Hong Kong. Firstly, at the
site of the Hong Kong International Airport at Chek Lap
Kok (James et al., 1994) and secondly, in the area of
Penny’s Bay and the proposed sites of Container
Terminal 10 and 11 (James, 1994).

Hong Kong International Airport
The James et al. (1994) interpretation at Chek Lap Kok
was commissioned by the Airport Authority in July
1993. The purpose of the study was primarily the same
criteria as those outlined above in the reclamation
design and construction section with an emphasis on
providing the Airport Authority with a geological fra-
mework as a backbone to the design, construction and
monitoring of the platform. Although the interpretation
was not used in the original design exercise for
dredging at the reclamation, it was intended to be used
by the Airport Authority to clarify dredge levels and
highlight particular areas which might require modifica-
tions to the proposed dredging operations (Plant et al.,
1998).

The soft mud of the Hang Hau Formation (marine mud)
is highly compressible and traditional practice up to the
late 1980s in Hong Kong had been to reclaim over the
soft marine mud (Martin et al., 1997) with ground
treatment, usually by vertical drains, to accelerate
consolidation of the mud. This "drained" alternative was
considered in the design options at Chek Lap Kok but
the disadvantages included the relatively large amount

with the Hang Hau Formation being younger than the
Chek Lap Kok Formation. 

A two-fold subdivision of the offshore superficial depos-
its has long been recognised in geological and geo-
technical investigations in Hong Kong, with the terms
“alluvium” and “marine deposits” given to sediments
which could nominally be ascribed to the Chek Lap Kok
and Hang Hau formations respectively.

From the interpretation of seismic records across the
whole offshore area of Hong Kong a more complex
series of units than a simple twofold subdivision has
emerged. Two new formations, the Waglan Formation
and the Sham Wat Formation have been recognised
(Fyfe et al. 1997) which sit between the Chek Lap Kok
Formation and the Hang Hau Formation (Table I).

Waglan Formation
The Waglan Formation is confined to the south-eastern
waters of Hong Kong and therefore is likely to be of no
consequence in coastal reclamations.

Hang Hau Formation
The Hang Hau Formation (QHH) consists of relatively
homogenous very soft to soft, greenish grey silty clay.
Undrained shear strengths range from <3 kPa to 
20 kPa and SPT N values are generally zero. Moisture
content is high, around 100%. It is the most widely
developed of the superficial deposits in Hong Kong and
generally forms a blanket of sediment over all the
underlying superficial deposits and rock and has a well-
developed unconformity at its base. In many coastal
areas the base of the formation is deeply channelled
with sediment up to 29 m thick (Figure 7). The deline-
ation of these soft sediment channels is important to
the design of a reclamation. The form of this basal
surface would be crucial as a base level for dredging in
dredged reclamations and also in estimating settlement
rates and areas of ground treatment for drained
reclamations. A tight grid of seismic lines enables the
thickness and geometry of the soft mud to be delin-
eated for a reliable reclamation design.

The Sham Wat Formation (James, 1993) is of limited
extent in western and southern waters, but was identi-
fied beneath the platform of the new airport at Chek
Lap Kok (James et al., 1994) (Figure 6). It comprises 
a generally firm grey silty clay and is firmer, <40 to 
60 kPa, and has a lower moisture content, <80%, than
the overlying Hang Hau Formation. 

Chek Lap Kok Formation
The Chek Lap Kok Formation is the most lithologically,
seismically and geotechnically variable of the forma-
tions within the superficial deposits of Hong Kong. 
In many areas the formation can exhibit abrupt variation
in sediment type both laterally and vertically and this is
corroborated by an absence of distinctive seismic
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Table I. Offshore Quaternary stratigraphy of 
Hong Kong.

Formation Age

Hang Hau Holocene
Waglan Late Pleistocene
Sham Wat Late Pleistocene
Chek Lap Kok Pleistocene



of settlement and the fact that it would have occurred
too slowly, plus the assumption of a degree of uncer-
tainty about the length and rate of consolidation and the
practicality of surcharging. Although the “dredged”
option meant a larger volume of reclamation fill was
required compared to the “drained” option to replace
the dredged soft mud, it was chosen because of the
short time available for construction before the airport
was to open (Plant et al., 1998).

The Hang Hau Formation forms a blanket of sediment
beneath the sea bed over most of the airport site. 
It covers all the underlying older superficial deposits
and its base is a well developed erosion surface or
unconformity. Although much of the basal surface is
almost planar there is a small network of channels
which vary in amplitude from less than 3 m to about 10
m. A few of these channels (Figure 5) are also marked
by acoustic turbidity on seismic records formed by the
presence of gas within the mud. Elsewhere on seismic
records the base of the formation is marked by a dis-
tinctive, well-developed, high amplitude, continuous
reflector (Figure 3). 

The base of the Hang Hau Formation is generally well
seen and distinguishable as a good basal reflector on
seismic records and over much of the reclamation this
should equate with the dredge level. An area where
seismics cannot be used to determine the base of the
Hang Hau Formation is where the reflectors are ob-
scured on seismic records by acoustic turbidity; these
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Figure 4. Stratigraphy at Hong Kong International Airport 
(James et al., 1994).

Figure 5. Hang Hau Formation base level at Hong Kong
International Airport  (James et al., 1994).

Area of Acoustic Turbidity

Dredged area where
sub-sea bed reflectors
are degraded and
difficult to interpret



of less than 500 kPa and this was taken as a represen-
tative value for the soft mud. In addition, to avoid inter-
preting thin sands within the muds as the BUM, which
would have qnet >500 kPa, the criterion that net tip
resistance should exceed 500 kPa for a depth of at
least 500 mm below the BUM was added. The BUM
interpretation from the CPTs was also corroborated by

areas are not extensive at Chek Lap Kok. To resolve the
dredge levels, a suite of 3202 dredge level CPTs were
undertaken across the site and the “Base of Unsuitable
Material” (BUM), i.e. the material to be dredged, was
determined by the designers for each CPT location
(Plant et al., 1998). Typically the marine mud of the
Hang Hau Formation has a net CPT tip resistance (qnet)
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Figure 7. Hang Hau Formation base level at Penny’s Bay  (James, 1994).

Figure 6. Sham Wat Formation base level at Hong Kong International Airport (James et al., 1994).

Area of Acoustic Turbidity

Dredged area where
sub-sea bed reflectors
are degraded and
difficult to interpret



reference to the seismic records and any disparities
were resolved within the design process.

During offshore regional mapping by the Hong Kong
Geological Survey around Lantau Island a distinctive
sequence was recognised on seismic records beneath
the Hang Hau Formation. Borehole and CPT evidence
confirmed the sequence had distinctive physical as well
as geophysical characteristics and it was formally
recognised as the Sham Wat Formation (James, 1993) 

To the unfamiliar it is easy in borehole cores to mis-
interpret the Sham Wat Formation as the Hang Hau
Formation. They are both predominantly grey silty clay,
although the Sham Wat Formation is generally firmer,
<40 to 60 kPa, and has a lower moisture content,
<80%, than the overlying Hang Hau Formation. 
However, the Sham Wat Formation does have a
distinctive character on seismic records with a strong
reflector at its base and contains continuous, sub-
parallel, undulating  reflectors which drape over channel
interfluves and down into channel deeps.

West of the airport site at Chek Lap Kok, the Sham
Wat Formation infills a major channel system which
encroaches beneath the platform from the south-west
(Figure 6). Its base in the deepest channel is at 
–29 mPD with a thickness of sediment up to 18 m, and
its tributaries branch north-west along the western
margin of the platform. 

In this area of the platform the Sham Wat Formation
also has a characteristic CPT signal compared to the
overlying Hang Hau Formation. At the interface
between the two formations there is generally an
increase of 200 to 300 kPA in  the value of net tip
resistance (qnet) at the top of the Sham Wat Formation.
Typical values for qnet are 500 to 800 kPa increasing
gradually with depth to 1000 kPa at the base of the
formation. The higher values of tip resistance, pore
pressure and skin friction for the Sham Wat Formation
compared to the overlying Hang Hau Formation indi-
cates a greater degree of consolidation has occurred
within the sediments of the Sham Wat Formation. 
Across most of this area there is a good correlation
between the CPT response for the Sham Wat
Formation and its interpreted sequence on the seismic
records.

The recognition and delineation of the form and extent
of the Sham Wat Formation was an important factor in
aiding the design and construction of the western area
of the platform beyond Lam Chau. 
The sea wall at the western end of the southern run-
way overlies a Sham Wat Formation infilled channel
and the initial design dredge levels for the sea wall in
this area were the deepest for the site at –29 mPD and
entailed dredging the Hang Hau Formation and the
Sham Wat Formation. Calculations were undertaken to

evaluate a higher dredge level within the Sham Wat
Formation and although settlement would be higher, a
change to a base level of –22 mPD was considered
acceptable and adopted as the deepest dredging limit
(Plant et al., 1998). 

In total almost 69 Mm3 was dredged from the platform
area, predominantly soft mud of the Hang Hau Forma-
tion and some soft to firm mud of the Sham Wat For-
mation and minor sediment from the Chek Lap Kok
Formation. The average thickness of the dredged mud
was 7.5 m with the thickest sequence dredged, at 
21 m, within the major gas filled channel of the Hang
Hau Formation which ran across the northern runway
and northern sea walls (Figure 5) (Plant et al., 1998). 

The extensive seismic, borehole and CPT data set
enabled an extensive appraisal to be undertaken of the
Chek Lap Kok Formation and produced a comprehen-
sive stratigraphy for the formation, and in greater detail
than had previously been produced in Hong Kong
reclamations. The Chek Lap Kok Formation has been
subdivided into three units (James et al., 1994), num-
bered QCK Unit 3, QCK Unit 2, QCK Unit 1 (Figure 4).
Two of the units (QCK Unit 1 and QCK Unit 2) have
been further divided. The subdivision has been based
on lithological and seismic criteria, such as continuity of
reflectors marking erosional events, and units with
distinctive seismic signatures. The formation includes
firm to stiff palaeosols, channel sands, and soft to firm
estuarine clays. It is this formation that provides the
platform on which the reclamation fill has been placed. 

The mapping of the various units within the formation
was a significant contribution to the design and con-
struction of the reclamation as it proceeded and
continues to be relevant to the monitoring of platform
performance.

Penny’s Bay and the site of Container Terminals 10
and 11
Penny’s Bay lies at the south-eastern end of Lantau
Island at the opposite end of the island to the site of
the airport at Chek Lap Kok. The geological inter-
pretation (James, 1994) was undertaken during the
design stage of the reclamation prior to any planned
construction.

The interpretation is based on a 50 m grid of modern
boomer seismic reflection lines over the site of the
container terminals and older records of poorer quality
in Penny's Bay. The site investigation also included 
109 boreholes, 41 vibrocores and 22 CPTs. The stra-
tigraphy at the site is primarily a two-fold succession 
of soft mud of the Hang Hau Formation overlying a
complex mixture of firm to stiff silty clay with some
sand and silt which forms the Chek Lap Kok Formation. 
The Sham Wat Formation was not recognised at the
site.
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In terms of reclamation design the form of the soft
mud of the Hang Hau Formation is important in terms
of settlement considerations. It is constrained in exten-
sive channel systems (Figure 7) with two major
channels in the west infilled with up to 29 m of soft
mud and a narrower dendritic set in the east infilled to a
maximum thickness of 27 m. 

The two major channels and the area in Penny’s Bay
contain a large accumulation of gas within the sedi-
ment which forms areas of acoustic turbidity on the
seismic records. These obliterate seismic reflectors
which trace features such as the base of the Hang Hau
Formation. In these areas of acoustic turbidity the
interpretation has to rely on point source information
such as boreholes and CPTs and any surfaces such as
the base of the soft mud has to be extrapolated
between them. The upper ten metres of the Hang Hau
Formation is generally not obliterated by acoustic
turbidity and the form of the reflectors can be used 
to map out channels within the zone with acoustic
turbidity and therefore provide a basis for planning a
CPT survey programme to delineate the base of the
soft mud.

Conclusions

The comprehensive approach to the interpretation of
the marine geology of any reclamation site is based on
excellent site investigation provided by a tight grid of
seismic reflection profiles calibrated with borehole and
CPT surveys. These should be analysed with a knowl-
edge of the regional geology to provide a context for
the reclamation and a detailed stratigraphy. The geo-
logical framework and information obtained from such
an approach is crucial in enabling the planning, design
and construction to proceed on schedule and to
budget, without any unforeseen ground conditions
delaying progress.
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Abstract

The sedimentation of fine sands in the hopper of a
trailing suction hopper dredger (TSHD) forms an essen-
tial part of the dredging process.Until now, in models
the sedimentation process mainly has been described
as being (quasi-)static. However in order to understand
the process and to be able to optimise the dredging
time with controllable parameters, dynamics should be
analysed and described.

The Camp model was improved by Vlasblom and
Miedema1, which provided a tool to describe overflow
losses as a function of the incoming flow, grain sizes,
concentration and the geometry of the volume of
mixture in the hopper. However, it was still a steady-
state model. When analysing the dynamics in the
settlement process, a quasi-static approach cannot
explain all the changes in the overflow losses. In this
article dynamics relations are introduced based upon a
simple mass and volume balance and than implemen-
ted in the Camp model by manipulating the input, but
without changing the steady-state model. 

The described dynamic relations were implemented in
a simulation and compared with onboard measure-
ments from the TSHD Amsterdam. This resulted in a
remarkable improvement in the correlation between
the onboard measurements and the simulation.

This article was written with the cooperation of 
Prof W.J. Vlasblom, Chair of Dredging Technology at
Delft University of Technology, and Engineers Ronald
A. van der Hout and Maurits den Broeder, both of
Ballast Nedam Dredging, The Netherlands.

Introduction

When dredging fine sands with a TSHD the overflow
losses form an essential part of the process. A good
description of the sedimentation process is needed,
not only to improve calculations of the dredging time,

but also for a better understanding of the process itself.
In the past years, a few models have been developed
to estimate and predict these losses. Some of these
are more mathematical models (i.e. De Groot), others
more basic (i.e. Camp).

At the WODCON XIV, Vlasblom and Miedema1

presented an improved version of the Camp model,
that takes into account the influences of most of the
important parameters and neglects all local processes.
This model is easy to understand and does not need
sensitive calculations. Disadvantages are that the
model assumes a steady-state situation in which
parameters like concentration, flow, and the volume of
the mixture in the hopper are assumed to be constant.
However, during test performed by the TU Delft and
from experience onboard, it became clear that the
parameters change during loading and that dynamics
play an important role in the sedimentation process.
These dynamic changes not only concern the increase
in the height of the bed of sand, but also changes in the
flow and concentration in the hopper during loading. 

The goal of this article it is not to give an exact calcu-
lation method predicting the overflow losses, but to
describe the dynamics on the basis of the Camp
model. It seems that when adding even simple
dynamics to this steady-state model, a lot of changes 
in the overflow losses can be accounted for and the
correlation between model and measurement
becomes remarkably higher.

First the influences on the overflow losses in general
will be described. Also a short description of the Camp
model will be given. Then to understand the introduc-
tion of dynamics to this model, a qualitative description
of the changes in the parameters during dredging will
be given, followed by a more mathematical analysis of
the influence of the parameters to quantify the
changes. Finally, some examples will be shown in
which a simulation based on the derived relations for
the dynamics and the Camp model, are compared with
onboard measurements. 
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Where as ß is a number greater than 1 depending on
the Reynolds number of the grain. 

Secondly, the mixture in the hopper is not calm, so the
influence of the turbulence in the hopper should be
taken into account. This turbulence is mainly caused by
the velocity of the mixture, which can be described as
a function of the flow (Q) and the free volume (H, L, B)
and which depends on an internal flow.

OVERFLOW LOSSES

The efficiency of the hopper is defined by the fraction
of the incoming sand that settles in the hopper (bzg).
However, the primary consideration is the fraction that
does not settle and flows overboard: the overflow
losses (ov). In literature, these losses are defined by 
the ratio between outgoing concentration and incoming
concentration (assuming incoming and outgoing flow
are equal), or more correctly, the outgoing and
incoming production. 

Pbruto – Pnetto Cvout • Qout
ov = = Eq. 1

Pbruto Cvin • Qin

Equation 1 could give the impression that there is a
direct relation between incoming and outgoing produc-
tion. However, as will be described later on, the influen-
ce of a change in incoming flow and concentration on
the total production cannot be described momentarily,
but has to be evaluated over a certain period of time.

Variables of influence
The most important parameters in the hopper sedimen-
tation process can be found when analysing the set-
tling velocity (time to settle) and the horizontal velocity
(time to reach the overflow).

The settling velocity is mainly determined by the size of
the grains (d), as shown in equation 2, describing the
settling velocity in calm and clear water. However the
sand will never consist of one grain size. So, the settle-
ment velocity of every fraction of the grain size distribu-
tion (d50, cu) has to be taken into account. 

4 • g • (�s – �w) • d • �
v = Eq. 2

3 • �w • Cd

The settlement is also influenced by a few other
parameters.

First of all, the water contains a concentration (Cv) of
sand particles, which induces the effect of hindered
settlement. When grains settle to the bottom, water is
pushed out. This causes a current in the other direction
(upwards) and reduces the settling velocity. With an
increasing concentration not only more water is
replaced, but at the same time it will be harder for the
replaced water to flow in the opposite direction,
causing an even lower settlement velocity. The
corrected velocity was defined by Richardson and Zaki1
as:

vc = (1 – Cv)’� • v Eq. 3
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in this model. Although these processes are essential
for a good understanding, they are still difficult to
describe. 

Besides this, the model assumes a steady state (this
means the history of the process does not influence its
current state) in which the concentration in the hopper,
the average flow and the  height of the volume of
mixture are constant, which in real-time dredging is
never the case.  

DYNAMICS

Now that the main parameters of influence are known,
one can analyse their change in time. Before intro-
ducing these dynamics into this model one should
consider the development of the process in time, for
example by dividing the process in different loading
stages.

Stages of loading
1.  Beginning of the dredging
When a TSHD starts dredging, the hopper is loaded
with some residue and some water. Until the overflow
(maximum volume) is reached there will be no out-
going flow and thus the overflow losses are equal to
zero. More important is the low average velocity in the
hopper creates a relatively good condition for the grains
to settle. Consequently, the average concentration in
the hopper will be relatively low when the overflow is
reached.

2.  CVS (Constant Volume System)
When the overflow is reached one will try to continue
loading with a maximum volume (CVS). This will mean
that there is a constant total volume. After some time,
the incoming flow is equal to the average flow in the
hopper and thus the outgoing flow. 

Owing to the settlement, the volume of the bed of
settled sand in the hopper will increase and thus the
volume of mixture will decrease. With an equal volume
but an increasing average density, the displacement of
the ship will increase.

3.  CTS (Constant Tonnage System)
Finally, when the maximum draught has been reached,
the dredger will try to load with a maximum load in the
hopper. Reducing the total volume can compensate
the increase in weight owing to the loading of the
relatively heavier sand. This displacement is constant
when the volume is reduced with: 

dV �in
=   1 – • Qin Eq. 5

dt ( �out )
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Figure 1. Parameters in the hopper.

When assuming a uniform velocity profile, the horizon-
tal velocity can be described as a function of the aver-
age flow (Q) and the free volume (V=H* L*B) of the
mixture in the hopper.

Camp: a steady-state model
At the WODCON XIV, Vlasblom and Miedema
presented an adjustment to the Camp model. 
An advantage of this Camp model is that it considers
the hopper as a ‘black box’, and thus does not take into
account the rather complicated local processes.

The adjusted model is based upon a ratio of time a
grain needs to settle and time a grain needs to flow
though the hopper. Starting from the principle of a
uniform distribution of the incoming concentration over
the height at the entrance of the hopper (Figure 1), 
a grain is assumed to have settled when the time to
settle from a certain height (settlement time) is lower
than the time needs to reach the overflow (residence
time). The calculated settling velocity is corrected with
hindered settlement based upon the incoming concen-
tration. The calculated efficiency is then corrected for a
turbulence efficiency depending on the incoming flow
and the geometry of the volume of mixture.

The overflow losses are the sum of the losses of all
fractions of the grain size distribution. Now, overflow
losses can be described as a function of the grain size,
the average flow (Qave), concentration in the hopper
(Cv), the height and the surface in the hopper and the
bed on the bottom (H). 

ov = ƒ(Cv,Qave,H,d50,cu) Eq. 4

It is important to acknowledge the restrictions and
assumptions to the model. Local processes, like
erosion and local flow and concentration, are neglected

Cvin
Qin

Cvuit
Quit

Cv
Q

V

s

L

H
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In this article process dynamics are defined as the
changes that are caused by the nature of the process. 

The main examples of these changes are:
1. Change in the height (H) of the mixture
The most logical change is the increase of the bed of
sand owing to sedimentation and thus a decrease of
the free volume of the mixture and the height of this
volume (H). This volume will also decrease when
loading with the Constant Tonnage System because of
a decreasing total volume.

2. Change in the local and average velocity when the
overflow is reached (Q)
When filling the hopper, the velocity will decrease over
the length of the hopper (from the start until the
overflow). The outgoing flow is induced by the height
of water above the overflow, so a build-up of water
above the overflow is needed for an outgoing flow.
Thus when the overflow is reached, the volume and
the outgoing flow will slowly increase until the outgoing
and incoming flow are equal.

3. Change in the local and average concentration when
the overflow is reached (Cv)
As described before the expectation is that the average
concentration in the hopper is relatively low when the
overflow is reached because of good settlement
conditions.

4. Change in flow (Q) when changing from CVS to
CTS
When changing to CTS the overflow will be lowered
and the average flow will increase. For the change from
CVS to CTS a build up of water will be needed too.

Input dynamics are the dynamics in the process as a
result of a change in the input:
1. Changing the incoming flow (Q)
Adjusting the incoming flow will not effect the average
flow in the hopper immediately; a build up in the height
of the water at the overflow is needed to increase the
outgoing flow. This build-up means increase in the total
volume to increase the average flow.  

When the overflow efficiency is known, one can
calculate the outgoing flow when loading with CTS as a
function of the incoming (measured) parameters:

�s – �w
Qout = Qin  • 1 + Cvin • bzg • Eq. 6( �w )

The dredging will continue until the minimum volume
or an optimal loading point has been reached.

Development of the overflow losses
Related to these different methods of loading are the
changes in the overflow losses (Figure 2), which can be
distinguished in four stages (when loading with a
constant flow and concentration).

I. Before the overflow has been reached there is no
outgoing flow. Consequently there are no overflow
losses. In this phase there is a decreasing horizontal
velocity in the hopper, which means a good sedimen-
tation of the grains, so the average concentration of
mixture in the hopper (Cv) will be relatively low
(compared tot he incoming concentration) when the
overflow is reached. 

II. When the overflow is reached a flow out of the
hopper starts at the overflow and the velocity in the
hopper will increase. The increasing average velocity
will cause a decreasing settling efficiency. Owing both
to this decrease and to the relatively higher incoming
concentration, the average concentration in the hopper
will slowly increase causing a decreasing settling
velocity and thus an increase in the overflow losses.  

III.  After these changes in the average flow and
concentration in the hopper a quasi-static phase
emerges in which (when the incoming flow and
concentration and the total volume stay constant) only
the volume of mixture and thus the height to settle and
the horizontal velocity will slowly increase. Since the
overflow losses (in this model) are quite insensitive to
this parameter up until the time the scouring velocity is
reached, the overflow losses are quite constant in this
phase.

IV. When the free volume in the hopper decreases the
horizontal velocity in the hopper will increase and
scouring will dominate the settling process and the
overflow losses will increase excessively.

Process and input dynamics
It is clear that the changes in the loading conditions
have their influence on the overflow losses. When
describing these changes one has to distinguish two
types of dynamics: 
– process dynamics, and 
– input dynamics. 
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Figure 2. Phase in the overflow losses.



2. Change in the incoming concentration (Cv)
When the incoming concentration, as delivered by the
draghead, is changed this will not directly influence the
average concentration in the hopper.

3. Change in the grain diameter/grain distribution 
(d50, cu). 
During the dredging process the soil conditions and
thus also the incoming grain size can change locally. 
It is  quite hard to measure this grain size distribution
on-line.

MATHEMATICAL ANALYSIS

Until now, the description of the dynamics has been
qualitative. When quantifying the sedimentation
process by considering the hopper as one system it is
useful to make an input-output relation, based upon a
simple mass balance (Eq. 7) and volume balance 
(Eq. 8):

dM (t)
= Qin (t) • �in (t) – Qout (t) • �out (t) Eq. 7

dt

dV (t)
= Qin (t) – Qout (t) Eq. 8

dt

The outgoing flow and concentration are a function of
the hopper process. The incoming flow and concentra-
tion can be measured and are known.

Dynamics of the flow
A great deal of the dynamics seem to concern the
changing average flow (Q) and concentration (Cv) in the
hopper. The flow as an input to the Camp model is the
average flow in the hopper, which changes in time
influenced by the change in volume and change in
incoming flow. 

The flow in the hopper depends on local influences, but
one can assume the main changes occur in the length
of the hopper (x).  Equation 9 shows that the impact of
a change in the incoming flow takes place after a 
build-up in the local height and volume.  This causes a
difference between local flow and incoming flow.

When all local processes are neglected, the average
flow can be described as an average of the incoming
and outgoing flow (Eq. 10). By making this assumption
a part of the dynamics will be lost, but the problem will
be enormously clarified.

dV
Qave = Qin + 0.5 • Eq. 10

dt

The outgoing flow depends on the height of the water
at the overflow and is thus related to the total volume.
An increase in the incoming flow (Qin) has to cause an
increase in the total volume (V) before causing an
increase in the outgoing flow (Qin). Analogous, when
decreasing the volume by lowering the overflow, the
flow will increase and eventually the volume will
decrease.
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dh (x)
Qx = Qin +       B • dx Eq. 9∫ ( dt )

x

o

List of symbols

� coefficient for the hindered settlement [-]
� cinematic viscosity [m2 s-1]
�corr density corrected as input for 

simulation [kg m-3]
�m density of mixture in the hopper [kg m-3]
�w density of water [kg m-3]
�s density of solids (sand) [kg m-3]
�in density of incoming mixture [kg m-3]
�out density of outgoing mixture [kg m-3]
�bed density of the settled bed [kg m-3]
� shape factor [-]
� residence time [-]
t time [s]
�t sample period / steptime [s]
bzg settlement efficiency [-]
cu grain size uniformity [-]
d grain size [mm]
d50 median of the grain size distribution [mm]
n sample number [-]
ov overflow losses [-]
s average horizontal velocity in the 

hopper [m s-1]
u horizontal velocity at the overflow [m s-1]
v settlement velocity [m s-1]
vc corrected settlement velocity [m s-1]
w settlement velocity of a particle [m s-1]
B width of the hopper [m]
Cv model concentration in the hopper [-]
Cvin incoming concentration [-]
Cvout outgoing concentration [-]
H height of the bed of sand in the hopper [m]
L length of the hopper [m]
Q flow [m3 s-1]
Qx flow at position x in the hopper [m3 s-1]
Qin incoming flow [m3 s-1]
Qout outgoing flow [m3 s-1]
Qave average flow [m3 s-1]
TDS Tonnes Dry Solids [tons = 1000 kg]
V total volume [m3]
Vm volume of mixture in the hopper [m3]
Vbed volume of bed of sand in the hopper [m3]
V mix volume to flow through in the 

simulation [m3]



in the hopper. Only the density of the bed (�bed) can be
assumed constant, the density of the mixture (�m )
changes in time and influences the settlement process.

dM (t)
= Qin (t) • �

in (t) – Qout (t) • �
out (t) =

dt

� (Vbed (t) • �bed ) � (Vm (t) • �m (t))
+

Eq. 12�t �t

This partial differential equation has too many variables
to be solved properly, without making assumptions
about the increase in the bed volume and the overflow
losses.

When introducing dynamics into the Camp model, not
the exact concentration in the hopper but a dynamic
substitute as input for the steady-state model has to be
described. This means, we will not be looking for an
actual average concentration but for a model concen-
tration. 

Assuming the outgoing flow at the overflow can be
described as a clear overflow weir, one can describe 
a dynamic relation between the average flow in the
hopper and the incoming flow based upon a simple
volume balance.

Dynamics of the concentration
So the dynamics in the flow cannot be described as
being quasi-static. In practice however the variance in
the overflow losses owing to the fluctuations in the
concentration seems to be more important. In the
analyses several concentrations are distinguished:
– Incoming concentration (Cvin(t)): the concentration

delivered by the draghead.
– Outgoing concentration (Cvout(t)): the concentration

at the overflow, which is a function of the hopper
process.

– Local concentration Cv (x,y,t):  the local concentra-
tions in the hopper. These will locally affect the
settlement by the ‘hindered settlement’ effect.

The Camp model is not a function of the local concen-
trations, but of the incoming concentration in a steady
state situation. Nevertheless, every change of concen-
tration in the hopper, when not in a steady state
situation, will have to be compensated in the input to
the Camp-model. To describe the total effect of the
local concentrations a model-concentration (Cv(t)) is
introduced. This concentration is a fictive one based
upon the incoming concentration and is used to
describe the influence in the process. 

There are two ways to make a simple model of the
dynamics of the concentration as a parameter for the
settling model and describe the change in concentra-
tion when the overflow is reached and when the in-
coming concentration changes: 
– plug flow or 
– ideal mixing.

For the first option, one can assume the incoming
mixture goes through the hopper as a fluid through a
pipeline (a plug flow, Figure 3). Starting point is that no
mixing takes place. This would mean that the model
concentration is an average of the incoming concen-
tration over a certain period of time (�). When assuming
a constant flow and mixture volume this is the time
needed to fill this volume.

L Vm
� = = Eq. 11

s Q

Second, one can assume uniform mixing (Figure 4)
takes place (again neglecting any local processes and
concentrations). 

The total volume has to be divided into the volume of
the sand bed (Vbed) and the volume of the mixture (Vm)
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Figure 3. Plug flow.

Figure 4. Uniform Mixing.



For the purpose of illustration and to get a better idea of
the order of magnitude of the dynamics involved, one
can neglect the change in the volume of the hopper
and the volume of the bed, which simplifies the
equation enormously and shows a basic description for
uniform mixture (first order differential equation with a
time constant equal to �). 

� (Vm • Cv (t))
Cvin (t) • Qin (t) – Cvout (t) • Qin (t) =

�t
Eq. 13

Cvout1 = Cv*ov (overflow loss),
Cvout2 = Cv*(1-ov) (sedimentation),
Cvout = Cvout1 + Cvout2

The fictive value for the concentration (Cv) in the hop-
per can be used as an input to the Camp model.

When calculating the fictive model concentration (Cv)
based upon the idea of uniform mixing in a simulation,
the change in volume of the mixture cannot be
neglected and has to be estimated. Because of this
change, the mixing process will accelerate.

With this description both input and process dynamics
for the density can be described:
1. After reaching the overflow the flow in the hopper
will change and thus the sedimentation and the density
(“start value problem”). 
2. When changing the incoming concentration 
(“step response”) (Figure 5).
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Figure 5. Step-response of a plugflow and a uniform mixing.

Figure 6. Data for the calculations were logged on the TSDH Amsterdam.

= Change in input concentration

= Change in hopper concentration (plugflow)

= Change in hopper concentration (uniform mixing)



Simulation and calculation of the overflow losses
The input for this simulation was the online measured
concentration and flow and the step-time of the simula-
tion was made equal to the sample period (�T) of
measurement. Other parameters like the efficient
settling length and the concentration when the over-
flow is reached were estimated. 

In the previous paragraphs the dynamics involved have
been reduced to simple linear differential equations. In
a simulation however non-linearities and more parame-
ters can be introduced. The virtual model-density in the
hopper now was calculated with the following numeri-
cal algorithm:

�m, corr,old • (Vmix – Qm • �t) + �m • Qm • �t
�m, corr =

Vmix

Eq. 15

The simulation starts with a start value (�m, corr) for the
density when the overflow is reached.

A case study
To validate the theory, the dynamic relations and the
Camp model were implemented in a simulation.
Because the grain size distribution was not measured
online, data were taken from the in-survey, which were
representative over the whole dredging area 
(a Cu (= d10/d60) of 0.9 [-] and a d50 of 150 [�m). 
The other data for the calculations were logged on the
TSDH  Amsterdam during loading. 

Measured overflow losses 
The measured overflow losses can be derived from the
onboard measurement of the incoming concentration
and flow and the change in the measured Tonnes Dry
Solids.

Cvin • Qin • �t • �s – TDS(t) – TDS(t – �t)
ov =

Cvin • Qin • �t • �s
Eq. 14

As the result of this measurement is quite sensitive for
noise on the measured signals, the measurement of
the overflow losses was filtered. 
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Figure 7. Calculated vs. measured overflow loss at trip 23 (case 1).



The result of the static model is based on the fictive
model concentration. The measured overflow losses
however are described on the basis of the incoming
concentration (Eq.1 ). Therefore to be able to compare
simulation with measurements calculated overflow
losses become: 

Cv • ovstatic
ov = Eq. 16

Cvin

Comparison
In three situations the simulation was compared with
the practice. All situations occurred with the same
dredger and same type of sand. The figures show the
overflow losses from the point the overflow has been
reached onwards.

Case 1 (Figure 7): In the first situation the hopper starts
loading with a high flow. After a certain period (at time
step 180) the flow was reduced causing an increase in
the concentration.
Between time step 70 and 170 a great error in the TDS
signal occurred, but one still can distinguish the slow
increase in the overflow losses when the overflow is

reached. When the flow was reduced at time step 180,
the losses were reduced, but because of an increase in
density the losses increased after a certain period.

Case 2 (Figure 8): In the second situation the flow was
lowered at time-step 140, but in this case the density
did not increase. This does not cause a step response
in the overflow losses, owing to an increasing density.

Case 3 (Figure 9): In the last situation the hopper was
loaded with a low flow until hopper was filled. In this
trip an error in the measurements occurred at time step
170, nevertheless there seems to be a good correlation.
Owing to the lower flow the average concentration in
the hopper and thus the overflow losses increase
slower (as can be concluded from equation 13).

After making a few assumptions, the model seems to
show a good correlation (between 0.75 and 0.85) with
the onboard data. Mainly the period of dynamics
(defined as �) seems to be correct. And the assumption
the hopper works as a uniform mixing tank with a start
value when the overflow is reached seems to fit and
be right for both types of dynamics.
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Figure 8. Calculated vs measured overflow losses at trip 33 (case 2).



seems to be inevitable, the next steps have to be:
– a more detailed description of the dynamics;
– a description of local dynamics;
– making the Camp model itself dynamic.
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Conclusions and Discussion  

The aim of this article was to analyse and acknowledge
the influence of dynamics in the hopper-loading pro-
cess as part of the ongoing development in hopper
settlement research. The dynamics of the concentra-
tion are a good reason for the changes in the overflow
losses. Also changes in the flow play a part but seem
to be of a higher frequency and a lower influence.

All local processes, like the local concentrations, were
neglected and the hopper was modelled as a ‘black
box’, which gave the possibility to implement the
dynamics of the Camp model, using a virtual concentra-
tion as an input to the model. Despite this simplification
the results gave a high correlation between model and
measurement.

These dynamics are not only important for under-
standing the process and the influence of a change in a
parameter during loading, but could be decisive when
simulating and optimising the loading process. 

As introducing dynamics in the settlement research

Figure 9. Calculated vs measured overflow at trip 34 (case 3).



Abstract

A number of situations in the lagoon of Venice (Italy)
require dredging to be carried out in the channels of the
lagoon and harbour. But dredging leads to the problem
of disposal. A pilot intervention to tackle this problem is
one of the measures included in the General Plan of
Interventions (1991), drawn up by the Venice Water
Authority and its Concessionaire (Consorzio Venezia
Nuova, Venice), which are the responsible authorities
for improving the lagoon environment.

This intervention consists of dredging a basin located in
the Northern Industrial Channel of Marghera Harbour,
in which sediment, potentially harmful to the environ-
ment, has accumulated over time. This sediment is
then subject to mechanical treatment to separate the
contaminated and uncontaminated particles. The treat-
ment is carried out at a plant in Malcontenta where
dredged material is thickened (dehydrated). This pur-
pose-built plant will remain at the disposal of any public
body operating in the lagoon, carrying out further inter-
ventions, including dredging. 

At the same time, the function of the basin with regard
to harbour activity is being restored by deepening the
channel. These interventions are aimed at counter-
acting the present trend towards erosion in the lagoon.

Introduction

It is widely known that there are a number of situations
in the lagoon of Venice (Italy) that require dredging to
be carried out in the channels of the lagoon and
harbour. These operations can be set within the con-
text of interventions for the protection of the lagoon,
with different and complementary goals: 
– to favour the exchange of water volumes;
– to reduce pollution in the channels and harbour

basins; and 
– to restore the depths required for navigation.

Dredging leads to the problem of the disposal of any
sediment recovered. For reasons related to the protec-
tion of the environment, specific regulations prohibit
disposal of sediment at sea, which, until recently, took
place. The problem of disposal was tackled by the
Venice Water Authority, which is responsible for the
waters of the lagoon, and by its concessionaire
Consorzio Venezia Nuova, by looking into possible
destinations for dredged sediment, depending upon its
characteristics (Figure 1).

When appropriate, this material is used profitably within
the lagoon, i.e. to construct lagoon elements similar to
those typical of the lagoon itself (salt marshes, mud
flats) or to restore the original configuration of islands
within the lagoon, in accordance with the objectives
and methods defined in the programme for the
morphological recovery of the lagoon itself. These
interventions are aimed at counteracting the present
trend towards erosion in the lagoon. 

INTERNATIONAL CONVENTIONS

There are a number of international conventions ratified
by many countries, including Italy, aimed at preventing
the use of the sea as a disposal area for dredged mate-
rial, harmful or otherwise. At the same time, these
conventions particularly encourage the useful re-
employment of sediment, recommending that
dredging be limited to the quantities that are strictly
necessary. The first Convention, the London Conven-
tion (LC-72), initially called the London Dumping
Convention, 1972, and the Oslo and Paris Convention
(OSPAR), 1992 revision, are based on the following
principles of  “precaution“ (defined in the Rio Declara-
tion on Environment and Development, 1992): 
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Which kinds of sediment are critical 
As mentioned earlier, although sediment is silt (silt is
understood to be sediment in which the maximum
diameter of the smaller granules is 60 thousandths of a
micron), it contains a fraction of sand which never
proves to be contaminated after separation from newly
dredged sediment. This is usually described as
sediment as it is. It is the silt fraction (which is often the
predominant fraction) that may be contaminated.
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– “those responsible for polluting must pay” and
– “sustainable use“. 

Many “regional” Agreements were later added,
including the Directive of the European Community,
which follow these guidelines. 

In 1996 a new Protocol was drawn up, as an Annex to
the LC-72, reversing the approach to the problem:
Instead of banning the disposal of material at sea, this
Protocol included a list of substances that may be
disposed of at sea, including, at the top of the list,
dredged material when “damage to the environment is
minimal”.

If, however, sediment is contaminated the situation
becomes more complicated. In that case, there is a
complex question to be resolved: how and where to
place the dredged material permanently. This question
implies solutions that are expensive and difficult to
carry out from an operational point of view. In fact this
sediment, after undergoing appropriate treatment,
must be transported to special deposits on land
(disposal sites). It is important to point out that the
“treatment” of contaminated sediment could introduce
a multiplication factor (as high as 100) to dredging
costs. 

MECHANICAL TREATMENT

How the characteristics of sediment are changed
"Mechanical treatment" is a typical method for treating
sediment by separating any contaminated portion
which in effect constitutes "waste", or by conditioning
the material as a whole.

In the first case, the treatment acts upon the granular
sizes of the material, since polluting agents are linked
to the finer fragments, whereas sand fragments are
substantially “clean”. Possible treatment consists of: 
– the use of hydro-cyclones to separate the sand by

centrifuge (this procedure is particularly advanta-
geous if there is a high percentage of sand, which
can then be re-employed ; furthermore, the separa-
tion of the sand reduces the volume of material sent
on to the next phase of treatment); 

– flotation, which consists of insufflating air into the
sediment-water mixture: the insufflated air-bubbles
bind with the micro-bubbles present amongst the
fine fragments of sediment, which float to the
surface and can then be skimmed and separated
from the larger fragments.

In the second case, the water content of the sediment
is reduced. Obviously the contaminating substances, if
any, are not treated. This is achieved by various means,
the more common of which "squeeze" the sediment in
filter presses.
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of Impregilo (Milan, Italy) and its
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Figure 1. The area near Venice, the Northern Industrial
Channel of Marghera Harbour, where dredging took place, and
where the sediment treatment plant is located.
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Furthermore, when sediment is settled on the seabed,
and even more, after dredging, it may present a very
high water content, and for this reason can only be
handled taking special precautions:
– the use of hermetically sealed mechanical buckets

(known as “ecological buckets”) or of special suction
heads;

– hydraulic transfer (the transfer of granular material
mixed with water) through pipes under pressure or
transfer by barges; and

– deposit within watertight basins. 

All this implies the use of machinery and equipment
fitted with devices (operational: hardware, software;
servomechanisms) aimed at preventing the leakage of
finer sediment particles and the dispersion of any
contaminating substances during operations, as well as
reducing the turbidity of the water in which such
operations are carried out. To this end, purpose-built
“screens or membranes” (mobile floating separating
element) are positioned around the excavating
equipment – floating machinery or equipment for the
excavation of soil from the bed of a body of water –
when in use.

Continual and systematic monitoring, during and after
dredging, are essential phases of the operations, using
motorboats, for instance, equipped with the same
computerised systems used to position dredges. All
data is memorised automatically so that it can be elabo-
rated and used reliably.

THE INTERVENTION IN THE NORTHERN

INDUSTRIAL CHANNEL OF MARGHERA

HARBOUR

Aim of the intervention and methods of execution
Since this report concerns the mechanical treatment of

dredged material, it examines, in particular, a first pilot
dredging operation in the lagoon of Venice (Figure 2),
which involved this kind of sediment treatment (1997).
The treatment is carried out at a plant where dredged
material is thickened (dehydrated). This purpose-built
plant will remain at the disposal of any public body
operating in the lagoon, carrying out further inter-
ventions, including dredging.

Note that in the past maintenance work at Marghera
Harbour has been insufficient and therefore approxi-
mately 5 million cubic metres of sediment have accu-
mulated over time. At present, it has been calculated
that 300,000 cubic metres per year need to be dredged
for ordinary maintenance; a consistent part of the
sediment will require treatment.

This pilot intervention is one of the measures included
in the General Plan of Interventions (1991), drawn up
by the Venice Water Authority and its Concessionaire
(Consorzio Venezia Nuova, Venice), aimed at improving
the lagoon environment. This intervention consists of
dredging a basin located in the Northern Industrial
Channel of Marghera Harbour (Figure 3), in which
sediment, potentially harmful to the environment, has
accumulated over time. At the same time, the function
of the basin with regard to harbour activity is restored
by deepening the channel. From an operational view-
point, the works will bring the channel bed to a depth
of –8 m after the removal of a layer of sediment
approximately 2 m thick (around 90,000 m3, measured
at the site). 

It was mentioned earlier that the dredging operations in
the Northern Industrial Channel have the characteristics
of a pilot intervention. In fact, this work is intended not
only to carry out an intervention aimed at improving the
quality of the lagoon system, but also:
– to ascertain which setbacks (if any) might occur

during the process (excavation, transport, treatment,
transfer of sediment to the final destination); and

– to draw up safety criteria for dredging operations in
the other areas of the lagoon, including the harbour
channels (in other words, compatible with the
pertinent national and local regulations and with the
particular requirements of the lagoon environment).

Since the safety of the environment during sediment
dredging operations cannot be limited only to the phase
of mechanical treatment, but must regard the entire
cycle of operations, special precautions must be taken
during the excavation of sediment (using efficient and
ecological techniques to remove the material) and its
subsequent transfer (for example, mud – that is,
sediment – must be discharged into the barges with no
spray; an abundant margin must be left between the
open surface of the mud load and the upper rim of the
barge tanks), deposit, treatment and delivery to the
disposal site.
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Figure 2. Aerial view of the site of the pilot dredging works 
in the Northern Industrial Channel of Marghera Harbour.



– clay content: 24%;
– silt content: 57%;
– sand content: 18%.

Note that dredged material found to be unsuitable for
re-employment and classified as special waste can be
transferred to second category type B waste disposal
sites on land. Material classified as toxic-dangerous
waste may be transferred to a type B disposal site,
specifically designed for this kind of waste.

Note that the efficiency of dredging operations is
extremely important: as well as the need to avoid
placing fine sediment particles in suspension, the
works must be carried out with the greatest precision
in order to limit overdredging and thus also contain the
cost of excavation and all subsequent phases of the
process.
Economy is as important as the quality of the opera-
tion, since the cost of environmental dredging is very
high and the feasibility, or otherwise, of interventions
is linked to the often limited availability of financial
resources.

The general and specific technical regulations for dred-
ging require, amongst other things, that:
– turbidity caused by the operations must not exceed

150% (the limit is set at a figure corresponding to 20
mg per litre), at a distance of 100 m from the excava-
tion, with respect to the situation prior to dredging;

– there must be no leakage of sediment whilst it is
carried up the water column and during subsequent
phases (from when the barges are loaded until the
silt is transferred to the treatment plant);

– silt enrichment with water (effectively, parasite
water) during excavation must not exceed a volume
of 20% with respect to the condition before
dredging;

– excavation tolerances must not exceed “strict” limits
(10 and 25 cm respectively for the floor and the
slopes).

SEDIMENT TREATMENT. THE MALCONTENTA

PLANT

Location of the plant
The plant is located at Malcontenta, in the Fusina area,
on land owned by the “Azienda Multiservizi Ambientale
di Venezia” (AMAV), a Venice public sector sanitation
company. It is very close to the area of intervention and
easily accessible by land or from the lagoon (Figure 4).

Characteristics of the material to be treated
The characterisation of dredged sediment is an essen-
tial phase of the activities (see Figure 5). In the case of
the Northern Industrial Channel, current regulations
were respected, particularly the Protocol dated April
1993, which indicates the “Criteria for safety of the
environment during excavation, transport and re-
employment of mud extracted from the channels and
canals of Venice”. Other regulations were also con-
sidered, for instance, the Decree 915/1982 and the
Rules of 22.7.1984 enforcing the above-mentioned
Decree.
The physical characteristics and grading of silt from the
pilot intervention are as follows:
– material on site, before dredging: 1.4 t/m3;
– “dry” weight percentage: 43%;
– “dry” density: 2.7 t/m3;

Mechanical Treatment of Dredged Material. The Malcontenta Plant in the Lagoon of Venice

25

Figure 3. The main navigation channel of Marghera Harbour.

Figure 4. The Malcontenta plant financed and constructed by
“Azienda Lavori Lagunari Escavo Smaltimenti" (ALLES SRL),
Venice, Italy.



surface area of the group of basins is 6,000 m2; each
basin measures 50 by 12 (600) m2; the height
measured from the floor to the upper rim of the
basin is 3.50 m. The capacity of the basins is 
9,000 m3 (sufficient to hold material resulting from 
12 days of dredging);

– furthermore, each basin is equipped with pumps for
delivery to the treatment plant tanks;

– finally, plant areas are paved and fitted with drainage
systems for rain-water and water used to hose down
lorries and other land-based machinery and equip-
ment.

An outline of the process, from dredging to treatment
and then to the final destination, is illustrated in Figure 6.

Pre-treatment separation of larger elements in the silt
The larger elements and material (measuring more than
20 mm) are separated before the silt is poured into the
storage basins. The silt is “sieved” yet again (for ele-
ments up to 9 mm) before being transferred from the
basins to the plant loading tank (smaller in size). 
There is no attempt to separate the sand by means of
“hydro-cyclones” (given the silt’s low sand content).

In the case of the Northern Industrial Channel, it was
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Treatment cycle and safety procedures 
Special safety procedures are required not only for
dredging operations, but also for the treatment cycle:
– the transfer of dredged material from the barges to

the storage basins (which must be watertight,
especially in regard to the water tables and soil in the
area concerned) and, subsequently, to the plant
itself, must be carried out through pressurized pipes,
with no possibility of leakage into the surrounding
environment;

– the basins, which are constructed of dry, compacted
rock material, are all built in relief to ensure the great-
est distance from the level of the water tables, and
to facilitate any work for the restoration of the area in
future (if necessary or appropriate). The basins are
fitted with a continuous impermeable layer; the floor
is lined with reinforced concrete panels which can
withstand the scraping caused by mechanical
buckets;

– the foundation soil of the basins must be such as to
exclude the possibility of differential subsidence
which would jeopardise the efficiency of the imper-
meable layer. This is achieved by pre-loading the soil;

– the storage basins are independent from one another
so that different kinds of sediment may be deposited
in relation to each one’s final destination. The total

Figure 5. Characteristics of material to be dredged. Silt-thickening process and three hypotheses for thickening material.



sheets of synthetic filter material. The conveyor belts
rotate in opposite directions with a slight convergence.
Silt to be treated is delivered to the higher belt by a
feesere, and is then transported by the conveyor belt
which forces and compresses it through the conver-
gent space (between the sheets of the upper and
lower belt). When the belts separate, at the end of the
belts’ course, the sheets draw apart and the thickened
silt is unloaded in a continuous stream. The thickened
material is then transferred to the deposit area.

After unloading, the sheets pass through a washing
device. In this case as well, water from the thickening
process and the water used to wash the sheets is
collected in a basin provided for this purpose.

Note that the output with flat filter presses is discon-
tinuous and therefore the continuous production provid-
ed by strip-presses generally ensures higher output.
However, the dewatering capacity of flat filter-presses
is greater. The output of the press depends on:
– the characteristics of the silt and the amount of

water it holds;
– the pressure applied by the plates (in the case of flat

sheet presses);
– the pressure applied between the sheets of the

conveyor belts and on the tension and speed of the
belts (in the case of strip-presses); 

– the nature and quantity of the additives used; and

also necessary to clear the basin of numerous very
large objects such as chains, anchors, steel cables and
various wrecks.

Lime additive in the basins
This operation is required to prevent anaerobic fermen-
tation in the silt, with the release of unpleasant smells:
the lime ensures avoiding this.

Silt-thickening process
The machinery used to thicken the silt (in other words,
to reduce the water content) consists of  flat or strip
filter press batteries, working in parallel. The flat filter
presses comprise a series of sheets of synthetic filter
material, mounted on vertical steel frames. The frames
are moved longitudinally by mechanisms operated by
oil-pressure.

Material is supplied to the press by a feeder: the sheets
are compressed by oil-pressure, and the desired part of
water is separated from the silt. Basins are located
beneath the presses to collect water running from the
sheets and water used to wash the filters.

The thickened material is transferred to the deposit
area by cochlea and conveyor belts.

The strip-presses are made up of two conveyor belts,
placed one above the other, each one fitted with
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Figure 6.  Treatment of sediments: An outline of the process, from dredging to treatment to final destination.



– the efficiency of flocculation (the process by which
the solid material held in water is aggregated by the
action of chemical and biological agents. The granu-
les formed by this process may then be separated
from the water).

One automatic strip-press and two automatic flat
sheet-press have been installed at the Malcontenta
plant. The treatment capacity is 500 m3 per day of
dredged material as it is (which corresponds to 600 m3

delivered by the barges, considering a “parasite” water
“enrichment” of 20%)  for an output of 300 m3 of
dewatered material, working 24 hours a day, five days
a week.

The plant’s capacity is therefore equal to the daily
output of the dredger. Four 150 m3 barges per day
ensure the supply of silt, and each barge is expected to
take one hour to unload.

After mechanical treatment, the silt must present a
“dry” weight of no less than 50% that of the material
prior to excavation. Poli-electrolytic additives (in quanti-
ties of less than 1%) acting as flocculants are added to
the silt, by a suitable meter-feeder, before it enters the
presses.

The plant includes, amongst other items: 
– pumps and systems for transporting the dewatered

silt to the deposit;
– air compressors (for maintenance of the presses);

and
– a general control panel. 

After passing through the presses, the material is
collected in tanks and deposited in a protected area of
the plant large enough to store the results of 2 or 3
days of production. This limits any discontinuity in the
discharge of material to external disposal areas (there is
a pause over the weekend) and allows the quality of
the material to be ascertained with a view to its final
destination. In relation to these requirements, the
deposit has a capacity of 1,500 m3.

The controls and analyses are carried out on the dewa-
tered material with a frequency established beforehand
(every 500 tonnes of thickened material, after a day of
“maturation”) according to IRSA-CNR regulations
(Istituto di Ricerca Sulle Acque-Consiglio Nazionale
delle Ricerche – Institute for Research on Water-
National Research Council).

Every day, five days a week, 700 tonnes of material are
transferred to the deposit. Lorries used to transport the
material are weighed and hosed down before leaving
the plant. Water running from the presses is channelled
to a storage tank from which it is then discharged into
the sewage system, if possible, or channelled to a
purpose-built purification plant. This plant is still a part of

the silt treatment cycle even if it is located at a distance
from the treatment plant, and in this case the water is
still discharged into the sewage system after purifica-
tion.

It is interesting to point out that although it might
appear advantageous to dehydrate the material as
much as possible, this is not the case. A high level of
dehydration could intensify the concentration of any
contaminating substances, and as a result the treated
material could fall into one of the more dangerous
categories (the most harmful of which can be con-
sidered as toxic and dangerous waste): the cost of
transferring dangerous toxic waste to disposal sites
would be much higher and would not be compensated
by the reduced weight of the material. On the other
hand, if the sediment was toxic and dangerous prior to
dredging, it would be advantageous to intensify
dehydration as much as possible.

Figure 5 illustrates three hypotheses for thickening
material with respect to the as it is condition, as well as
the relative indices of admissibility to type B category
waste sites. As mentioned previously, the material
from the North Industrial Channel is to be concentrated
by an average of 60%. With this solution the thickened
output is 300 m3 per day, corresponding to around 
500 tonnes; 300 m3 of water are sent for purification
and channelled into the sewage system.

Auxiliary systems and networks at the plant
Besides the items mentioned above, the service
buildings also represent an essential component of the
plant; the sheds and covered areas; the remote sys-
tems that govern the process; equipment for analyses
and control; the maintenance workshop; the electrical
systems; the water networks, including those for
drinking water, industrial and waste waters; com-
pressed air delivery systems; the equipment for
weighing lorries; illumination; fencing; gateway, and
such.

Operation of the plant 
Activities for the plant’s operation, beginning with
monitoring, must respect the principles and regulation
requirements aimed at protecting the health of workers
under the guidance of the site manager and the safety
officer.
It should be pointed out once again that during treat-
ment of the silt and the transfer of thickened silt from
the plant, there must be no leakage of silt or water to
the surrounding environment. 

Transfer of treated silt to disposal sites
After treatment, the silt is sent to land disposal sites of
the appropriate category. Note that, considering all
possible solutions and not those limited to cases in the
lagoon of Venice, the envisaged destinations are the
following:
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particularly in Europe, albeit on a smaller scale for the
time being, with which the treatment of sediment, at a
reasonable cost, represents a crucial stage in an overall
process that goes much further than the mere dehydra-
tion of silt.

In fact, it has become clear that in addition to the objec-
tives of maintaining harbour activities and fulfilling
environmental goals, the preferable objective – if and
insofar as is compatible with the quality of the sedi-
ment – is the useful employment of dredged sediment
for the reconstruction of the lagoon morphology, whilst
keeping the cost to a minimum by reducing (by dehy-
dration) the volumes of material to be transported to
special disposal sites on land.
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Second category type B disposal sites for special
waste: these may receive thickened silt containing
organic syntesis substances  (the concentration of each
of these substances must not exceed the limit by
1/100th). Each metal in the material as it is must not be
present in a concentration higher than the upper limit
and the sum ratios (�Ci:Cl, where Ci = actual concen-
tration and Cl = upper limit of concentration) must be
lower than 1. After transfer tests, in accordance with
the IRSA-CNR regulations, the presence of heavy
metals must be 10 times lower than the values given in
the table (Italian Rules, Act 319/1976); the sum ratios
must be lower than 30.

Second category type B disposal sites for toxic and
dangerous waste: these may receive thickened silt
containing organic synthesis substances within the
limits set out in the previous case; metals in the mate-
rial as it is in concentrations above the upper limit, even
with sum ratios greater than 1; the limits of the pre-
vious case apply for eluates (interstitial waters that
might be released together with concentrations of
contaminated substances). 

Second category type C disposal sites: these may
receive concentrated silt containing organic synthesis
substances within the limits described in the previous
cases; metals in the material as it is and eluates
without limits.

Tipper lorries with watertight bodies, covered with
suitable tarpaulins, must be used to transport silt from
the plant to the disposal site.

Conclusions

The Malcontenta plant demonstrates that the problems
posed by the need to improve the quality of the
environment in the lagoon of Venice have been tackled
decisively. Steps have been taken in the right direction
by the Venice Water Authority and the Concessionaire
Consorzio Venezia Nuova, in full agreement with other
administrations which include the Veneto Regional
Authority, the Ministry of Public Works-Maritime
Works, the Ministry of the Environment, the local
Authorities of Venice and Chioggia, the Venice
Provincial Authority, the Port Authority and the local
Health Authority.

From an operational viewpoint, the business initiative
undertaken by AMAV of Venice, Società “Impregilo”
(Milano) and “Mantovani” (Padova) was decisive: these
companies created “Azienda Lavori Lagunari Escavo
Smaltimenti" (ALLES SRL), Venice, which assumed the
task of financing and constructing the Malcontenta
plant.

Their path followed the experience of existing plants,
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Offshore Europe 99
Aberdeen, Scotland

September 7-10 1999

Offshore Europe 99, an Oil and Gas Exhibition and
Conference, will examine the offshore industry on the
brink of the 21st century. This biennial event attracts
industry professionals from the countries involved in
exploration and production, including the UK, Norway,
The Netherlands and Denmark on the Northwest
European Continental Shelf, France and Italy in the
Mediterranean, and Spain in the Atlantic. The enor-
mous technological expertise represented by these and
surrounding countries will be demonstrated at this
conference.

For further information contact:
Offshore Europe Partnership
Ocean House, 50 Kingston Road
New Malden, Surrey KT3 3LZ, UK
tel. +44 181 949 9222, fax +44 181 949 8186/8193
email: oe99@spearhead.co.uk
http://www.offshore-europe.co.uk

Val Johnston-Jones
Society of Petroleum Engineers
Empire House, 4th Floor, 175 Piccadilly
London W1V 9DB, UK
tel. +44 171 408 4466, fax +44 171 408 2299
email: vjohnston-jones@london.spe.org

12th International Harbour Congress
Technological Institute, 

Antwerp, Belgium
September 12-16 1999

The Royal Flemish Society of Engineers, Section on
Harbour Techniques, is organising a 4-day congress to
be held together with the 9th International Harbour
Exhibition. The topics will include: Port planning; port
infrastructure design; port construction; and port
access in offshore, coastal and non-coastal harbours.
There will also be a workshop on “Information Data

Network - Vessel Traffic System”. The congress will be
followed by the 4th International CATS Congress from
September 15-17, 1999 on the Characterisation and
Treatment of Sediments.

For further information contact:
12th International Harbour Congress, Att: Ms Rita Peys
c/o Technologisch Instituut vzw
Desguinlei 214, B-2018 Antwerp, Belgium
tel. +32 3 216 0996/ fax +32 3 216 0689
email: have@conferences.ti.kviv.be
http://www.ti.kviv.be/conf/have.hmt

CATS 4
Technological Institute, 

Antwerp, Belgium
September 15-17 1999

The Fourth Congress on Characteristation and
Treatment of Sediments (CATS 4) is organised by the
Technological Institute of the Royal Flemish Society of
Engineers, Sections on Environmental Technology and
Harbour Techniques. The congress will be preceded by
the 12th International Harbour Congress (September
12-16).

Topics will include: Sediment and dredged material
characterisation; source control and sediment manage-
ment; dredging technology, focussing on contaminated
sediments; sustainable relocation and beneficial use;
treatment and disposal technologies; environmental
risk and environmental merits analysis; impact asses-
sment, management and control; and strategies for
sustainable management.

For further information contact:
CATS 4,  Att: Ms Rita Peys
c/o Technologisch Instituut vzw
Desguinlei 214, B-2018 Antwerp, Belgium
tel. +32 3 216 0996/ fax +32 3 216 0689
email: cats@conferences.ti.kviv.be
http://www.ti.kviv.be/conf/cats.hmt
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Europort 99
RAI Exhibition Centre, 

Amsterdam, The Netherlands
November 16-20, 1999

Europort is the world-wide marketplace for the maritime
industry, featuring exhibitions on: ship design and
construction; ship maintenance, repair and conversion;
ship equipment; engine and propulsion systems; navi-
gation and communication; safety equipment; environ-
mental protection; cargo handling and containers; ports
and waterways; and offshore and marine.

CEDA Dredging Days, occurring concurrently, is orga-
nised by the Central Dredging Association and will be
held on November 18 and 19 (see below).

For further information contact:
Europort 99, Amsterdam RAI
Post Box 77777, 
1070 MS Amsterdam
The Netherlands
tel. +31 20 549 1212, fax +31 20 646 4469
email: europort@rai.nl
http://www.europort.nl

CEDA Dredging Days
RAI Exhibition Centre, 

Amsterdam, The Netherlands
November 18-19, 1999

In association with the Europort 99 Exhibition, held
from November 16-20 1999, the 29th International
Maritime and 11th International Inland Shipping
Exhibitions, CEDA Dredging Days will be divided into
two very specific topics:
– dredging for immersed tunnels, pipelines and

outfalls; and
– agitation dredging, water injection dredging and

sidecasting.

Because of the demands of the community for less
expensive yet environmentally acceptable methods of
construction and maintenance of trenches and
channels, the conference wishes to focus attention on
these specialised areas.

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

Coastal Management 1999
Grand Thistle Hotel, Bristol, UK 

September 22-23 1999

This is the fourth in a series of conferences focussing
on coastal management issues. It will explore how
coastal estuarine engineering and management has
benefitted from the development of shoreline man-
agement plans and what direction future policy and
practice take in light of improved understanding of the
science, engineering and new demands of European
directives. There will be an exhibition held simultane-
ously at which organisations will be able to showcase
their work. 

For further information about the conference and/or
exhibition please contact:
Ms Liane Otten
Thomas Telford Conferences, 
One Great George Street, London SW1P 3AA, UK
tel. +44 171 665 2313, fax +44 171 233 1743

Expo Marítima Mercosur/PescAL
Centro Costa Salguero, 

Buenos Aires, Argentina
November 11-13 1999

The Expo Marítima Mercosur/PescAL are being
organised by Diversified Business Communciations, a
world leader in the commercial marine publishing and
trade show industries. This event focusses on the
economic opportunities in the Mercosur – the 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 commercial
interest in port development in this area. 

In addition, the Expo coincides with IADC’s “Inter-
national Seminar on Dredging and Reclamation” being
held in Buenos Aires from November 8-12 (see page
32), and the IADC and the organisers of Expo Marítima
Mercosur are working together to give an added
impact to both these outstanding events.

For further information contact:
Diversified Business Communications
PO Box 3280, 
Boston, MA  02241-3280  USA
fax +1 207 842 5503

Diversified Business Communications
Uruguay 1134, 3o, Piso
1016 Buenos Aires, Argentina
tel. +54 11 4813 1814/ fax +54 11 4813 6143
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Day 1: Why Dredging?
The Need for Dredging/Project Phasing

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

Day 3: How Dredging?
Dredging Projects 

Day 4: Preparation of Dredging
Contract

Day 5: Cost/Pricing and Contracts

Representatives of port authorities, companies, 
and individuals interested in attending are requested 
to complete the preliminary registration form below 
as soon as possible and prior to October 1, 1999, 
and return to:
IADC Secretariat, Duinweg 21,
2585 JV The Hague, The Netherlands
tel. +31 70 352 3334, fax +31 70 351 2654
e-mail: info@iadc-dredging.com

Place: Buenos Aires, Argentina
Date: November 8-12, 1999

In cooperation with the Universidad Nacional de La
Plata and Estudio de Ingenieria Hidraulica S.A., the
International Association of Dredging Companies is
again pleased to organise in Buenos Aires an intensive,
one week seminar on dredging and reclamation. 
This seminar has been successfully presented for
many years both in Delft, The Netherlands with the
International Institute for Hydraulic Engineering, and in
Singapore with the National University of Singapore and
the Applied Research Corporation.
The costs are US$ 3250, which include six nights
accommodation at the conference hotel, breakfast and
lunch daily, one special participants dinner, and a general
insurance for the week.

The seminar includes workshops and a site visit to a
dredging project. Highlights of the programme are:

International Seminar on
Dredging and Reclamation

(please print)

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

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

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

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

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

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

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

Please send this form and your deposit by cheque or credit card for US$ 500 in order to guarantee your place at
the seminar. Upon receipt of this form and your deposit your place in the seminar is confirmed. We will then send
you further detailed information, final registration forms, and an invoice for the correct amount.

Without your deposit we cannot guarantee your place and accommodations at the seminar.

�� A Cheque is enclosed.

�� Please charge my credit card:

�� American Express �� Eurocard/Master Card �� Diners Club

Account no.:

Expiry date:

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

VISIT EXPO MARITIMA MERCOSUR, BUENOS AIRES, NOV. 11-13 1999



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., 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 Nedam 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 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
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
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 1999
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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