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EDITORIAL

The old year has changed over into the new millennium, and activities in the
dredging industry have not skipped a beat. Major works are being executed,
important tenders for large projects are on offer, and state-of-the-art equipment 
is being built. The growth of the last decade is continuing.

The economies of scale persist, not only in the new equipment being commis-
sioned, but in the enormous efforts being made in research and development of
plant, as well as environmentally safe methods of dredging. Joint ventures have
become more and more necessary — both to execute major projects more effec-
tively as well as to share the risks. The modern dredging industry seeks to find a
balance between risk and reward.

Privatisation of dredging works has also increased, for it is too costly for nations
to build their own state-of-the-art fleets which they then only use intermittently. In
many cases — for instance, New Zealand, Mexico and Argentina — ports are now
willing to contract private dredgers like IADC companies to maintain and deepen
their waters. IADC companies are dedicated to providing the most cost-efficient
means of dredging. They have also realised the necessity of informing their clients,
and the populace at large, as to the economic advantages of dredging. As John
Riddell points out in his article on page 3, “Contractors now appreciate that an
unprepared client is not a blessing....”

To that end, the IADC sponsors training seminars such as the course held every
March at the Institute of Hydraulic Engineering (IHE) in Delft, in Singapore and
in Buenos Aires. In addition, the IADC Award is granted annually to the best
paper by a young author presented at a major conference (see page 11). Our hope
is to attract the best and brightest professionals to the dredging industry. To meet
the challenges before us, we can ask for no less.

Robert van Gelder
President, IADC Board of Directors



tion industry. Over the last two to three decades the
industry has faced huge challenges -- challenges both
to provide increased benefits and services to its cus-
tomers and challenges to its perceived impact on an
increasingly fragile and sustainable-vulnerable environ-
ment. The industry has risen to these challenges. By
very substantial investment in plant and equipment, by
the development of new methods and techniques, by
research and training, and through a growing realisation
of the importance of communication, the world's
dredging industry is well placed to enter the new mil-
lennium.

Like ports, dredging is a service industry. Its develop-
ments and innovations are thus largely responses to
the needs of its customers and in turn the pressures
put on these customers by other external influences.
The dredging industry of today is truly international. Its
customers and their needs are constantly changing.
The type, scale, location and purpose of dredging
projects are far from uniform, and may not even be
predictable more than a few years ahead. What then
are the opportunities and challenges for the dredging
industry beyond 2000?

Abstract

Dredging today is a service industry, yet it has often
been underestimated or misunderstood. The main
concerns have been environmental issues such as the
disturbance of contaminated sediments, turbidity while
dredging, and disposal of dredged materials. 
Today’s dredging industry has met the challenge and
has carefully addressed these issues with large invest-
ments in technology and equipment. Consequently, at
the start of the new millennium, the opportunities for
environmentally sound dredging are increasing steadily.
This article is adapted from the Keynote Address pre-
sented by the author at the Coasts & Ports ’99 Confer-
ence, held in Perth, Western Australia, in April 1999.
The Conference was organised by the Institution of
Engineers Australia and was followed by a dredging
short course which attracted many participants from
throughout Australia and New Zealand.

INTRODUCTION

There are many aspects to both coastal and port and
harbour engineering. All are important. It has to be
recognised, however, that few of today’s ports would
have been developed, or indeed would continue to
exist, without the activity of the dredger. Whether it be
involved in creating a new harbour, maintaining a chan-
nel or creating new land for port development, the
dredger plays a vital role (Figure 1). Yet the modern
dredger and the dredging industry of which it is the
most visible part is relatively rarely regarded as favoura-
bly as might be expected from the benefits it brings.
The public perception of dredging is low and when
dredging does attract media attention it may well be in
an adverse light. Even among port professionals --
including civil engineers -- dredgers are little under-
stood, their capabilities not fully recognised and their
potential not always appreciated.

Yet the dredging industry of today is one of the most
dynamic and innovative areas of the modern construc-
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THE ENVIRONMENT

It is difficult in any discussion of dredging today not to
start with the challenges presented by a world with an
increasing awareness of and concern about the envi-
ronment. Our seas and waterways constitute a very
large part of that environment. The potential of the
oceans for all forms of future advances -- medicine,
food, minerals -- is far from understood, while recre-

ational use of the sea continues to grow. Dredging by
definition takes place in that water. Thus the opportuni-
ties for dredging to disturb, interrupt and even destroy
the water environment are high.

Concern about the environmental impact of dredging
can be divided into three main areas. The first is the
disturbance of contaminated material, the second
turbidity and the third is material disposal.

Contaminated sediment
Contamination of the sediments lying on the bottom of
a harbour or channel is not caused by the dredging
industry, or even in most cases by the ports. It is 
caused by industry, by agriculture and by human beings.
It is the result mainly of historic ignorance and some-
times of greed and negligence.Yet these contaminated
sediments often require to be dredged. The resulting
disturbance may then produce the potential for the
pollutants to re-enter the water column or otherwise
spread. 

The recognition of contaminated sediment and its
problems is relatively recent. Whether it be tin from
antifouling paints in a marina or chromium from some
long-abandoned tannery, the impact of disturbance can
damage both the marine environment and human
health.

The dredging industry has responded most effectively
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Figure 1. The premier project of the last decade of the last century was most likely the massive development 
of the container terminal and airport platform of Hong Kong.

Figure 2. Close up of a specially developed environmental
sweephead.



developed world can now afford. The care and concern
of the dredging industry when operating in that world
may be something of which all involved can be proud.
But is it too much of a challenge for the industry to
apply the same standards of care in those many coun-
tries where the environment is still far down the list of
basic concerns?  If turbidity is controlled in Rotterdam,
New York and Sydney, should it not also be controlled
in all locations where the dredging industry now finds
its work?

Material disposal
The disposal of dredged material has traditionally been
achieved by dumping in the sea. But the environmental
acceptability of ocean disposal of even clean sediment
is being increasingly questioned and opposed. There is
also a growing awareness that dredged material can be
regarded as a resource rather than a waste, with possi-
ble beneficial uses. With maintenance dredging, the
removal from the estuarine or coastal circulation zone
of large volumes of natural sediment inflow is also now
regarded as unsustainable.

to the challenge of removing and disposing of contami-
nated sediments. It has funded research and developed
new techniques and equipment (Figure 2). It can now
clear, relocate and, if required, treat most forms of
contaminated sediment. It has developed expertise of
a high professional standard. In the process it has also
created a new and valuable business opportunities.

Turbidity
Although most concern still relates to the quality of
dredged material, there is growing awareness of the
possible physical impacts of the dredging and disposal
operations. The sediment dredged may be quite pris-
tine in terms of quality, but its loosening, lifting and
transporting can result in significant amounts of mate-
rial entering the water column. Both through light
reduction and subsequent settling, this can have an
adverse impact on marine life -- and on public percep-
tions. The smothering effect of fine sediment on coral
is perhaps the most obvious example, but there are
many short-, medium- and long-term changes -- some
possibly beneficial but all changes -- which may follow
the disturbance caused by dredging activity.

The challenge of minimising the production of suspend-
ed solids has been accepted by the dredging industry.
There are now numerous examples of projects where
sensible and informed discussion between those with
environmental concern and responsibility, those wishing
to dredge, and the dredging industry has resulted in
spillage being controlled to agreed parameters. Spill
management and monitoring formed a significant part
of recent major dredging projects in Hong Kong, in
Victoria, Australia, and on the new Øresund crossing
between Denmark and Sweden (Figure 3).

Again, meeting the challenge has resulted in new
knowledge, new techniques and new equipment.
Enclosed, "no spillage" grabs are now commonplace
while sophisticated turbidity measurement and monitor-
ing equipment able to give real time data to the dredger
is in regular use. As with contamination, the dredging
industry is not always unhappy with tight environmen-
tal controls. So long as the rules of the game are clearly
established in the contract, the additional costs of
control and monitoring can offer enhanced business
opportunities. 

Such is the investment in environmental technology by
the dredging industry that some may say that the
industry now has a considerable interest in maintaining
environmental awareness. This is coupled with an
increasing projection of a "green image" by many of the
companies and organisations involved in dredging, as
evidenced by their advertisements and other promo-
tional material. 

Environmental concern in relation to dredging, like
most environmental concerns, is a luxury which the

Dredging: Opportunities and Challenges for 2000 and Beyond

5

Figure 3. Research vessel Maritina monitored the effect of
dredging on the ecological conditions in the Øresund.

Figure 4. The cutter suction dredger Castor, at work in the
Øresund, is equipped with innovative anchoring systems and
precision excavation control.



For all the foregoing reasons increasing attention is
being given to the acceptable disposal or relocation of
dredged material. With granular material there are
many satisfactory alternatives to sea disposal. Benefi-
cial uses include the obvious reclamation and beach
nourishment. Less clear is what can be achieved with
the finer cohesive sediments which form a large pro-
portion of many maintenance dredging projects. Where
rapid drying can be achieved the possibility of use for
reclamation may exist, but otherwise the options to
date have generally been limited to some form of
environmental enhancement. The creation or rechar-
ging of mangrove areas and saltmarshes using dredged
muds is now well established, but there are obvious
limits to how much dredged material can be used in
such ways. 

OPPORTUNITIES

The dredging industry is primarily reactive. The develop-
ment of specialist equipment and techniques for tack-
ling contaminated sediments was a response to the
recognition of contamination in material which needed
to be dredged. The construction of heavy-duty rock
cutter dredgers for port projects in the Middle East and
Australia was a reaction to the physical and financial
characteristics of these locations. The development of
highly efficient maintenance dredgers was a response
to the need to contain port operating costs.

World trade continues to develop. No viable alternative
to the sea transport of thousands of containers and

tens of thousands of tonnes of bulk cargoes are yet in
prospect. Ships may for the present have stopped
expanding in terms of draft, but the need for new
harbours and the expansion and maintenance of exis-
ting ones does and will continue. Such development is
totally dependent upon dredging. Thus what might be
termed conventional harbour dredging -- whether of 
a marina, ferry terminal, fishing harbour or container
port – is likely to continue steadily if not dramatically.

Construction activities
Where the greatest opportunities now exist in dredging
is work to support construction activity. There are
numerous examples of such activity and each has
presented new challenges for the dredgers involved.
Below-water tunnel construction, for example, is now
predominately achieved by immersed tube techniques.
These involve the accurate excavation of the containing
trench, often in hard material. The Øresund Tunnel
trench required the use of a large cutter suction 
dredger with innovative anchoring systems and 
precision excavation control (Figures 4 and 5). 
The lessons learned in such projects will be applied by
both designers and contractors to future immersed
tube tunnels.

Pipelines and cables
The increasing number of pipelines and cables laid on
the sea bed also provides new dredging opportunities.
These lines have to be placed in a trench, backfilled and
protected. Water depths are frequently far in excess of
any required for safe navigation. Routes are often in the
most exposed and hostile seas. How do you dig a
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Figure 5. Cutting through hard rock demands specially developed cutter heads that can withstand incredible wear and tear.     



these twin goals of increased production and reduced
unit costs have resulted in major changes in both the
predominant types of dredger and within the types
themselves.

Trailing suction hoppers
The most obvious change has been in the develop-
ment of the trailer or hopper dredger. This type of
dredger is now used for all forms of capital and mainte-
nance dredging, and particularly for land reclamation.
The requirements of the latter for vast volumes of
sand, often mined from deep water far away from the
fill site, have resulted in the rapid expansion in size of
the hopper dredger. This growth has been most spec-
tacular in recent years with the advent of a number of
so - called "jumbo" trailers with hopper capacities in
excess of 20,000 cubic metres. Developed to recover
material, haul it long distances and place it ashore at
the lowest possible cost, these large and sophisticated
vessels now dominate the international dredging 
scene. In just over a decade their maximum capacity
has more than doubled, and is set to treble in 2000
with the introduction of a 33,000 cubic metre "mega"
trailer (Figure 6).

The development of the large hopper dredger was a
response to the increasing scarcity of easily-won fill
material. In meeting that challenge, however, the
vessels have also presented opportunities. The dredging
industry is now able to undertake reclamation projects
requiring hundreds of millions of cubic metres of 
material, and to undertake such projects in realistic
time scales and at affordable prices. This was simply
not possible twenty years ago. Thus developers, from
national governments to financial institutions, can now
conceive of and realise reclamation projects which in
the past would have occupied every dredger in the
world for many years. In the large trailer hopper dredger
the dredging industry has provided a powerful new
construction tool for the world’s civil engineers to use.

Specialised equipment
Other developments in dredging equipment have been
at the opposite end of the scale. Here the need has

trench for a 1 m pipe in 80 m of water, bury the pipe
and then cap the trench with stone? The dredging
industry has provided the solution by the development
of very deep dredging hopper dredgers and stone
placement vessels.

Land reclamation
The greatest opportunities for the international dredging
industry are in land reclamation. The creation of new
land for industry, transport, housing and recreation 
are now priorities for many countries. Singapore, for
example, can only expand if its land area expands; the
only possibility is to create new land from the sea. The
reclamation projects currently under discussion around
the world are staggering in their magnitude. They
include a new airport for Holland in the North Sea and
major industrial sites off the coasts of most Far Eastern
countries.

Reclamation is fine so long as a sufficient volume of
suitable material can be found to create the platform. 
It is here that the problems start. Sand deposits con-
veniently located to the reclamation areas are being
dredged out. Thus the need to go further afield, to 
go to deeper water, or to reach for sand lying below
mud or clay. These problems are tackled by new equip-
ment. Deep suction dredgers able to recover sand from
100 m water depths or from below overlying cohesive
layers are one solution. Where the material lies at
some distance from the fill area the design criteria not
only look at the recovery but also the transport and
placement. 

DREDGERS

At the start of the twentieth century the bucket ladder
dredger still ruled supreme. It could be found in virtually
every harbour in the world engaged in both capital and
maintenance dredging. Today the bucket ladder dredger
is a quite rare machine. It has been replaced by cutter
suction and trailer suction hopper dredgers able to
dredge greater volumes of material in shorter times
and at lower costs. In the development of the dredger

Dredging: Opportunities and Challenges for 2000 and Beyond

7

Name of Dredger Company Year Built Hopper capacity (m3)

Lelystad Ballast Nedam 1988 10,000
JFJ De Nul Jan De Nul 1992 12,000
Pearl River Dredging International 1994 17,000
Gerardus Mercator Jan De Nul 1997 18,000
Amsterdam Ballast Nedam 1997 17,000
WD Fairway Boskalis Westminster 1997 23,000
Volvox Terranova Van Oord ACZ 1998 20,000
Queen of the Netherlands Boskalis Westminster 1998 23,000
Queen of Penta-Ocean Penta-Ocean Construction 1999 20,000
Vasco Da Gama Jan De Nul 2000 33,000



been for specialist dredgers to handle relatively small
quantities of material. This may be contaminated sedi-
ment from a canal or former dock which needs to be
removed without releasing sediment to the water
column. Thus the development of such machines as
auger and scroll dredgers which can feed in-situ mate-
rial into a suction mouth at high concentrations and
with minimum solids resuspension (Figure 7).

Advances in instrumentation
For any dredging to be efficient it is imperative that the
dredger removes only that material which needs to be
removed, or which the contractor is being paid to
remove. This has resulted in very great advances in
surveying and positioning techniques. 

Differential global positioning systems using satellites
and shore stations are now standard in dredging and
surveying for horizontal control, and increasingly for
vertical control. Positional accuracies of better than 
0.5 m for not only the dredger but more importantly the
dredging equipment – grab, cutter head or draghead –
ensure that unwanted and unpaid dredging is reduced
to a minimum. 

Advances in underwater surveying have also been
dramatic. The conventional echosounder with its single
trace of at times smudgy black lines has given way to
multi-beam, movable beam sonars with full colour
displays. These provide three-dimensional views of the
sea bed and can guide the dredger in real time through
the work area.
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Figure 6. Trailing suction hopper dredgers have doubled —
and will soon treble — in capacity from those of some 10,000
cubic metres capacity built only a decade ago, such as the
Lelystad (left under), to the jumbos of today (clockwise):
Gerardus Mercator, Pearl River, Amsterdam, (opposite page)
Queen of the Netherlands and WD Fairway. Right under, the
Vasco da Gama (33,000 cubic metres capacity) is scheduled to
be delivered this year. 



Further advances in instrumentation mean that every
aspect of a dredger’s performance can be monitored.
This allows production to be maximised, minimises the
causes of disputes and enables researchers and
designers to optimise loosening, lifting and transporting
techniques. Today the performance of a dredger can
even be monitored in real time from within the dredging
office on shore.

PLAYERS AND PRIVATISATION

The very large capital investment required to construct
and operate modern dredging equipment has resulted
in a steady consolidation of the companies and organi-
sations able to play the game. This has happened on
three levels, albeit for the same reasons.

The most obvious contraction has been in the direct
labour dredging organisations. Fifty years ago it was
common for most ports to own and operate their own
dredger or dredgers. The numbers doing so in 1999
have fallen substantially as the investment required for
new plant has been diverted to more revenue earning
developments such as quays, container cranes and
bulk terminals. Thus contract dredging has become the
norm with the dredger only being hired in when deepen-
ing or maintenance is required.

A second level of consolidation has been in the national
fleets. This is most noticeable in the United States
where much of the dredging formerly undertaken by
dredgers owned by the US Army Corps of Engineers is
now carried out by private (but US only!) contractors.
Other countries, most notably India and China, still
retain large national dredging fleets, but it would not be
unreasonable to predict that beyond 2000 will see the
privatisation of even these extensive state organisa-
tions.

Dredging: Opportunities and Challenges for 2000 and Beyond
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The third level of consolidation is within the large inter-
national contractors. These companies are the true
professionals of dredging. They operate throughout the
world and will tackle all kinds of dredging projects. To
do so they must invest in new dredgers and new
technology. The vast cost of such investment has
meant that only the strongest, or those considered to
be the strongest, have survived. There has thus been a
series of amalgamations, takeovers and both agreed
and forced mergers so that today only a few large
companies dominate the international dredging market.
How long these will continue to remain independent
will be interesting; already most have to go into joint
venture to resource and fund the mega reclamation
projects on offer today.

LEARNING

For many years dredging was a somewhat secretive
industry. The private sector contractors saw little to
gain by informing others of their projects, problems or
new techniques. The industry was also insular and
inward looking. Those involved tended to stay within
their companies and there was little interchange
between contractors, clients and consultants. 

Much of this has now changed. Contractors now
appreciate that an unprepared client is not a blessing,
but a source of endless conflict. There is still commer-
cial confidentiality, especially about production methods
and rates, but the availability of knowledge now
extends rapidly. The Western, Central and Eastern
Dredging Associations, for example, have done much

to encourage conferences, workshops, publications
and courses. The International Association of Dredging
Companies, while clearly promoting the interests of its
contractor members, supports educational and training
courses and funds a quarterly publication as well as
books and pamphlets on dredging.

Conclusions: 2000 and Beyond . . .

The dredging industry at the start of the twenty first
century can be considered to be in excellent shape and
in good heart. The recent investment in new equip-
ment and technology has meant that dredging costs,
adjusted for inflation, have held steady, bringing great
benefits to world trade. The industry now has the
capability to undertake the full range of work which
may be required in coastal engineering construction, in
harbours and in inland waterways. These develop-
ments have opened up new opportunities and enabled
projects to be tackled which a few decades ago were
just dreams.

The environment will continue to present challenges
and opportunities for the dredging industry. Dredgers
do not make harbour muds contaminated, nor does the
demand for efficient and competitive international trade
come from the dredging industry. If sediments from
underwater have to be removed and relocated, a bal-
ance has to be struck between the potential benefit
and the potential adverse impact. The dredging industry
is happy to participate in that debate and continues to
develop its experience, knowledge and technology to
provide acceptable solutions.
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Figure 7. Specialist dredgers such as this auger dredger at work in the harbour of Delfzijl, The Netherlands handle smaller 
quantities of sediment but are equally important.



Nicola Sullivan

The Use of Agitation
Dredging, Water Injection
Dredging and Sidecasting: 
Results of a Survey of 
Ports in England and Wales

The author wishes to thank Dr Lindsay Murray who has
been working in the field of the environmental impacts
of human activities on the oceans for 25 years. Dr
Murray currently works for the CEFAS —  an Agency of
the Ministry of Agriculture Fisheries and Food (MAFF)
—  where she heads the Regulatory Assessments
Team, whose responsibilities include advising MAFF on
the issue of licences for the disposal of dredged mate-
rial at sea for England and Wales, and development of
policy on dredged material disposal. In addition to the
above, the paper draws on CEFAS’s experience of
marine construction operations and presents views on
the impacts of sidecasting. 

This paper was originally presented at the CEDA Dredg-
ing Days, Amsterdam, The Netherlands, in November
1999 and was published in the conference proceed-
ings. This revised version is reprinted with permission.

INTRODUCTION

At the present time, the disposal of dredged material at
sea in the UK is regulated under the Food and Environ-
ment Protection Act (FEPA) 1985. In England (and on
behalf of the National Assembly for Wales), FEPA is
implemented by the Ministry of Agriculture, Fisheries
and Food, who operate a licensing procedure. FEPA
does not cover the dredging operation per se. There is
no single act regulating dredging operations in the UK,
although control of some (but not all) operations is
exerted the Harbours Act 1964 or its local equivalents
and the Coast Protection Act 1949. 

To require a FEPA disposal licence, sediment has to be
removed from the seabed and re-deposited from a

Abstract

The Centre for Environment, Fisheries and Aquaculture
Science (CEFAS) carries out a diverse range of scienti-
fic research, advice and monitoring into aspects of the
marine environment. The Regulatory Assessments
Team work within CEFAS to provide expert scientific
advice to the Ministry of Agriculture, Fisheries and
Food on the impacts of the disposal of dredged mate-
rial at sea. Disposal of material at sea in the United
Kingdom, is regulated by the Food and Environment
Protection Act (FEPA) Part II 1985. The day-to-day
provision of advice is informed by research and monitor-
ing programmes. Presently, dredging methods that
involve relocation of sediment by means other than
physical removal and deposition elsewhere are not
regulated under FEPA. This paper presents the results
of a recent review into the use of hydrodynamic 
dredging techniques in England and Wales.

A questionnaire was sent to 250 ports, harbours and
marinas in the study area. The response was encoura-
ging, with 42% of consultees submitting completed
questionnaires. The responses were both geographical-
ly widespread, and representative of the study area. 

More than a quarter of respondents claimed to employ
hydrodynamic dredging techniques. However, only
11% of respondents use these techniques as their sole
method of dredging. All but one of these ports are
situated on the south coast of England. The Review
also queried which conventional dredging methods
were employed, what consultations were undertaken,
and the environmental impacts of these activities.
Several site visits provided a practical aspect to the
review and allow the presentation of case studies.

The Use of Agitation Dredging, Water Injection Dredging and Sidecasting
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vessel, floating container or pump. There are a number
of dredging methods which result in the relocation of
sediment by physical pushing or agitating, but which do
not involve deposit directly from a vessel. Dredging and
disposal of sediment using these methods is not cover-
ed by the existing legislation.      

The aim of this paper is to provide an indication of the
current practice regarding dredging in ports, harbours
and marinas located on the coasts of England and
Wales. The extent of use of the different types of
conventional dredging methods will be discussed, but
the main focus of the discussion will be the extent of
the use of dredging methods from which the disposal
of material is not licensable under FEPA. The original
survey of ports referred to these techniques as 
"non-FEPA-licensable dredging techniques"; however,
for the purpose of this paper, the term hydrodynamic
dredging (CEDA, 1998) is appropriate.

A questionnaire "A Review of Dredging Techniques"
was sent to 250 ports in England and Wales. Reci-
pients were selected using existing records of past and
present holders of licences to deposit dredged material
at sea, published lists of UK ports and other resources
such as Yellow Pages. To ensure that the results were
an accurate representation of the use of hydrodynamic
dredging techniques, it was important to include ports
that do not hold licences to deposit dredged material at
sea.     

The response to the questionnaire was positive with
42% of ports submitting completed questionnaires.
The data was compiled and analysed with the aid of
databases, spreadsheets and a geographic information
system.  

PRESENTATION OF RESULTS

The questionnaire was divided into four sections. The
results of each section are presented below. 

Section 1: Background information about respondents 

Section 1 aimed to establish the location of the
responding port and details of current licensed
dredging quantities. 
Of the respondents, 55% claimed to hold a current
licence to dispose of maintenance dredgings at sea.
These licence holders were well distributed representing
all sections of the coast. Disposal licences are for varying
quantities, from 1,000 wet tonnes (Minehead) to
>19,000,000 wet tonnes (ABP Humber). Figure 1 shows
the quantities of material disposed of by responding
ports. The major ports of the Tyne, Humber, Harwich,
Cardiff, Bristol and Liverpool are immediately obvious
from the map. The map also suggests that many ports
on the south coast require relatively little dredging. 
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Nicola Sullivan (center) was presented the IADC Award by Mr
Peter Hamburger (right), Secretary General of the IADC, with
W Dieter Rokosch of CEDA assisting.

IADC Award 1999

Presented during CEDA Dredging Days ’99,
at the Europort ’99 Exhibition
Amsterdam, The Netherlands
November 18-19 1999

At the CEDA Dredging Days, from November 18-19
1999, Ms Nicola Sullivan was presented with the
annual IADC Award for young authors. Ms Sullivan
graduated from Imperial College, London in 1997
with a first class honours degree in Environmental
Geology. She subsequently gained employment
with CEFAS (Centre for Environment, Fisheries and
Aquaculture Science) where she works within a
team performing risk assessment on the deposit of
materials at sea and providing scientific advice to the
Ministry of Agriculture, Fisheries and Food (MAFF).
She is also studying part-time for a MSc in Coastal
and Estuarine Management.  

Each year at a selected conference, the International
Association of Dredging Companies grants an award
to a paper written by a young author. The Paper
Committee of the conference is asked to recom-
mend an author who is younger than 35 years of
age and whose paper makes a significant contribu-
tion to the literature on dredging and related
fields.The purpose of the award is "to stimulate the
promotion of new ideas and encourage younger
men and women in the dredging industry".The IADC
Award consists of US$1,000, a certificate of recogni-
tion and publication in Terra et Aqua.



ted areas, backhoe and grab dredgers are most
suitable. 

–  Availability of contractor/vessels: The dredging opera-
tion needs to be timed to coincide with the availabili-
ty of the contractor. Smaller ports tend to use local
contractors in order to minimise costs.

The majority of responding ports (55%) employed a
contractor to carry out the dredging process, against
20% of ports operating their own vessels (Figure 3).
A small number of ports (9%) own a vessel for daily
upkeep, whilst employing a contractor for large-scale
maintenance campaigns.  

At the time of the enquiry, few ports held current
licences to dispose of material at sea from capital
dredging operations. The main respondent was Cardiff
Bay Development Corporation with a quantity of
>500,000 wet tonnes. 

The survey of material types found that silt was the
most common surface sediment in ports, although on
the south and west coasts, sediments also consisted
of fine sands and shingle. The material found at depth
was variable according to location and included silt, stiff
clay, gravel, boulder clay and rock.

Section 2: The use of conventional dredging
techniques 

The questions in Section 2 covered conventional
dredging methods employed by ports.
The most popular conventional dredging method
employed by ports is the trailer suction dredger; closely
followed by the backhoe and grab dredgers. None of
the port operators replying to the Review employ a
dipper or bucket ladder dredger and only a small num-
ber make use of a cutter suction dredger (Figure 2).

There were three main reasons cited for the choice of
dredging plant employed:
–  Water depth: Backhoe and grab dredgers are limited

to relatively shallow waters whilst trailer suction
dredgers can remove material from deeper water.

–  Accessibility of area: Trailer dredgers are used to
dredge large areas as they require adequate working
space to complete a turning circle. For use in restric-
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Figure 1. The location of responding ports and quantities of material disposed of to sea.

Figure 2. Popularity of conventional dredging plant.



Nearly all of the responding port operators stated that
there were no noticeable environmental effects asso-
ciated with, or following, the dredging campaign. Only
15 port operators (14%) stated that turbidity increased
during the dredging campaign. 

Section 3: The use of hydrodynamic dredging
techniques 

This section obtained information on the use of
hydrodynamic dredging techniques.
Twenty-seven percent of respondents to the Review
claimed to use hydrodynamic dredging techniques,
with the plough/bed leveller being the most popular
(Figure 4). The ports employing these techniques are
widely distributed around the coast  (Figure 5).

The main uses of the bed leveller are to move material
from inaccessible areas into the path of the main 

dredging plant and to level the peaks and troughs
caused by trailer suction dredgers.  Most port operators
found it difficult to define the quantities of material
involved, but where estimates have been made, these
are shown in Figure 5. ABP Goole and Fleetwood both
redistribute significant quantities of material, >50,000
wet tonnes pa, using bed levellers in addition to licensed
(dredging and) disposal operations. 

Hydraulic dredging methods, which include vessel
propeller agitation and water injection dredging (Figures
7 and 8), were used by 10% of respondents.

Some port operators (10% of respondents) use hydro-
dynamic techniques as their sole means of dredging.
Most of these are located on the south coast of Eng-
land and the quantities involved are small, <5000 wet
tonnes pa. The other area that employs only hydro-
dynamic dredging techniques is the Burnham Yacht
Harbour on the River Crouch, Essex with redistribution
of >30,000 wet tonnes pa. 

Experience indicated that the major limitation of hydro-
dynamic dredging techniques is a loss in effectiveness
with increasing quantities of material removed. 

Encouragingly, 80% of respondents stated that they
would, in the future, perform some form of environ-
mental impact study and consultation prior to commenc-
ing dredging using hydrodynamic techniques. The scale
of the studies would depend upon the scale of the
proposed dredging activity, as EIA is expensive and one
incentive for using hydrodynamic dredging methods is
their relatively low cost.

Section 4: Comments 

Section 4 provided the opportunity for comparison of
conventional and hydrodynamic dredging techniques
and for any further comments.
A third of respondents declined to comment, feeling
that they had no experience of one or other dredging
types. The majority of larger ports indicated that hydro-
dynamic techniques are less successful as a lone
method of dredging, but can be most useful when
used in conjunction with conventional methods.   

For many small ports, it is claimed that hydrodynamic
dredging is the only cost effective way of maintaining
water depths. Many small operators commented that
they would be forced to close if any restrictions were
placed on techniques such as ploughing.  

A comment made by many ports was that hydrodynam-
ic dredging techniques can be successful with the level
of success depending on the operation and the many
variables associated with a port (area, geography,
topography, material and so on). 
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Figure 3. The percentage of respondents using contractors
and/or port-owned vessels.

Figure 4. The types of hydrodynamic dredging techniques
used by respondents.



The use of hydrodynamic dredging techniques can be
classified into two groups: 
1) sole use and 
2) use in conjunction with conventional dredgers. 

In general the smaller ports tended towards sole use,
whilst larger ports used hydrodynamic techniques to
dredge areas inaccessible to their main dredging plant,
or to level areas following a dredging campaign 
(Figure 7).

One further use of hydrodynamic dredging techniques
is by ports that have been refused a licence to dispose
of dredged material at sea. There are a few ports that
have highly contaminated sediments, but nevertheless
have a requirement to dredge if the port is to continue
to operate. If a sea disposal licence is refused, there are

Many ports recognised the financial savings associated
with hydrodynamic dredging techniques and indicated
that their use was being considered for the future.
However, as for current users, the quantities involved
will probably be small and the areas localised. Ports
that already use hydrodynamic dredging techniques
plan to continue using them in the future, with quanti-
ties removed remaining similar to present. 

DISCUSSION

The questionnaire "A Review of Dredging Techniques"
received a good response with 42% of recipients
returning completed questionnaires. In addition, the
responses were geographically widespread, which
enabled us to gain an understanding of dredging prac-
tices throughout the study area (Figure 6).

Of the responses received to the questionnaire, 27%
indicated the use of hydrodynamic dredging tech-
niques. Whilst this implies that a large number of ports
do not employ these techniques, there are  some ports
using hydrodynamic dredging methods that did not
respond to the survey. The ports that do use hydrody-
namic dredging techniques are located all around
England and Wales, suggesting that their use is not
limited to a particular sedimentary regime. The sedi-
ments relocated by these techniques are mainly of silt
grade, but some port operators successfully relocate
fine and medium sand. However, as the particle size of
the sediment increases, the success of most hydrody-
namic dredging techniques tends to decrease. 

This is to be expected, as most of these techniques
rely, at least in part, on water flow to relocate the
sediment.

The Use of Agitation Dredging, Water Injection Dredging and Sidecasting
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Figure 5. The location of ports using hydrodynamic techniques
(left) and estimated quantities moved (above).

Figure 6.  Respondents to the questionnaire



a number of options open to a port (such as use of
sediments in land reclamation, transfer to a confined
marine disposal facility, removal to landfill, application of
sediment remediation techniques) but the easiest and
cheapest option is often the use of a plough, or vessel
propeller agitation.  Such techniques in areas of conta-
minated sediment will inevitably result in the spread of
the contamination.        

The use of hydrodynamic dredging techniques can be
very attractive in commercial terms for small ports,
however the lack of legislative control could result in
serious adverse impacts on areas of fisheries or con-
servation importance if the techniques are used with-
out a suitable assessment of the consequences. The
main issues of concern are the lack of knowledge of
the destination of the sediment, and the possibility of
chemical contamination within the sediments being
redistributed. The sensitivity of the site is also of key
importance. For example, the use of a plough dredger
within a port already using a trailer suction dredger will
have a minimum additional physical impact on the
environment. In such situations, the sediments will
have been chemically and physically characterised prior
to the issue of a disposal licence, and hence a predic-
tion of impacts can be readily made. 

In contrast, the use of a plough or hydrodynamic tech-
niques in an area located close to shellfish beds or a
conservation site has the potential to yield adverse
environmental effects from physical smothering. If the

material is contaminated, then subsequent uptake of
contaminants by filter feeders, or release of contami-
nants into the water column, may give rise to toxicolo-
gical impacts on marine organisms and potentially to
impacts on higher trophic levels through transfer up the
marine food chain. Although many port operators did
state that they would consult with appropriate bodies
prior to commencing dredging using "non-FEPA-
licensable" techniques, these statements were 
qualified by comments relating to the cost of such
consultation. 

This is particularly notable, as cost reduction is one of
the prime reasons given for the use of hydrodynamic
dredging techniques in small ports.

There are a number of other considerations associated
with the use of these techniques: "hotspots" of conta-
mination could be spread to give a higher background
level with consequences for conventional licensed
disposals. There is some difficulty in estimating the
quantities of sediment relocated, and in identifying the
subsequent deposition sites of the sediments. 

Any evaluation of the potential impact of the use of
such techniques should take account of the environ-
mental sensitivity of the site, the nature of the sedi-
ments and the hydrodynamic regime. In making such
an assessment, it is also appropriate to put it into the
context of the impact of conventional dredging and of
natural events including storms. 
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Figure 7. The water injection dredger Jetsed working close to the Thames Barrier Clearance.



(TBT) were present in the water column (Waite and
Waldock). It is likely that TBT will also be present in the
sediments. Since the ban on the use of TBT on boats
under 25 m in 1987, water column sampling (the most
recent in 1992) has shown a significant decrease in
TBT levels (Waite and Waldock). However, the decom-
position of TBT in sediments is a very slow process and
there may still be TBT present in concentrations that
would harm marine life. Detailed research has shown
TBT to have a wide range of harmful effects on marine
organisms both sub-lethal and lethal with the scale of
the effect dependent upon the species and the TBT
concentration in the sediments (Alzieu). Hence TBT
concentrations in sediments are a critical factor in
deciding the suitability of dredged material for sea
disposal in FEPA licence assessments (Murray et al.). 

No formal investigations have been carried out into the
destination of the disturbed sediment, but on the low
tide following a dredging operation it is possible to see
the newly deepened areas and a new layer of silt (1/4
inch thick) upon the surrounding mudflats (Barren). 

The Dart, like many estuaries in England and Wales, is
subject to an environmental management project
(DEEM) which encourages and facilitates consultation
between all groups involved with the estuary. The
DEEM is supportive of the use of the Neptune and
knows of no adverse effects of its use. The upper
reaches of the River Dart contain a designated shellfish
harvesting area. These shellfish would be sensitive to
increases in the suspended solid content of the river
water and TBT contamination in the sediments. It
should be noted that at present the dredging is not
performed in the immediate vicinity of this fishery. 

CASE STUDIES

The following case studies present three different
situations involving the use of dredging techniques
with "non-FEPA-licensable" sediment disposal. 

Dartmouth, Devon 
The Dart Harbour Navigation Authority (DHNA) are
responsible for maintaining navigable channels within
the River Dart in Devon, England. Owing to relatively
low levels of siltation (compared with other areas in
England) there has not been a requirement to dredge
the main channel and Dartmouth Harbour since 1955.
However the River Dart is an important and popular
area for sailing and the smaller channels, creeks and
berths do require dredging to maintain access. 

To meet this dredging requirement, DHNA commis-
sioned the construction of an agitation dredger. The
technology is based on offshore (e.g. pipeline) dredgers
but DHNA developed the navigation dredging method
(Barren). The agitation dredger, Neptune is flat bot-
tomed and approximately 8 m in length with a width of
<3 m. The propeller (diameter of ca. 1 m) can operate
in water depths of up to 5.5 m but is most effective in
shallower water. DHNA operate the vessel by swinging
about an anchor in an arc of about 2.5 m, or moving the
vessel through the berths and channels. The quantities
of sediment relocated are not precisely known but
DHNA estimate a quantity of between 150 and 1000
wet tonnes per annum (Figure 8). 

DHNA do not carry out sampling or chemical analysis
of the river sediments prior to dredging an area but it is
known that, in the late 1980s, high levels of tributyl tin
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to allow silt to be dispersed by the tide.



Burnham Yacht Harbour, Burnham on Crouch, Essex 
The River Crouch in Essex, England is an important
centre for sailing. During the summer months, the
many river moorings in front of the town of Burnham
on Crouch and the Burnham Yacht Harbour are filled
with small yachts and sailing boats. 

In addition, the relatively high siltation rates on the east
coast of England produce a need for frequent mainte-
nance dredging. Under the guidance of the Crouch
Harbour Authority (CHA), the small marinas and har-
bours on the River Crouch employ a plough dredger to
relocate sediment from the channels and berths.
Approximately 30,000 wet tonnes of sediment (mostly
silt) is relocated each year. During a visit to the Yacht
Harbour to see the plough in action, a large plume of
silt was observed in the dredged areas. The CHA
continuously monitors the environmental impacts of
ploughing, and has not observed any adverse effects to
date. In addition, the Burnham Yacht Harbour has
carried out its own investigation into the dispersal of
the dredged material. 

In early 1996, trials were carried into the use of water
injection dredging in the yacht harbour. Presently, the
use of the plough is the preferred dredging method. In
recent years, Essex Marina at Wallasea Island has held
a licence to dispose of dredgings at sea. The disposal
site used was Bridgemarsh Island in the River Crouch
where the material was deposited to help slow the
erosion of saltmarsh from the island. Owing to a chan-
ge of ownership of the marina, the licensed disposal
has now ceased with the new marina operators inten-
ding to plough instead. This technique is said to have
the support of the harbour authority, English Nature
and the Environment Agency. 

As a result in part of the location of the CEFAS Labora-
tory in Burnham, there have been a large number of
studies and research projects carried out into various
aspects of the river. These include investigations into
the impacts of TBT from the yachts on the benthic
communities in the river, and chemical analysis of
sediments for contaminant levels. Very high levels of
TBT in water and sediments were observed in the
1980s and these have since reduced following the ban
on the use of TBT on small vessels in 1987 (Waite et
al.). As a consequence, a marked biological recovery of
the river is in progress (Waldock et al.). The sediments
of the Burnham Yacht Harbour, analysed in support of
applications for FEPA sea disposal licences, contain
concentrations of contaminants similar to those in
sediments from the river. However, with the cessation
of FEPA licensed disposals, the dredged sediments 
are no longer subject to routine analyses under that
procedure.

An environmental management project is proposed for
the River Crouch that will encourage communication

between users of the river. It seems that continued
assessment of the impacts of dredging, and of the
contaminant content of the sediments, would be an
appropriate component of that management pro-
gramme.

Harwich, Essex
In contrast to the two small operations discussed
previously, the Port of Harwich in Essex, England,
holds a FEPA licence to deposit at sea approximately 
3 million wet tonnes of maintenance dredged silt and
sand. The dredged areas include the approach channel
to the important Ports of Felixstowe and Harwich. 

The sediment is removed using a trailer suction dredger
and is then transported out to the disposal site 
(Figure 9). In addition to the trailer suction dredger,
Harwich also employ a plough dredger. The plough is
used to relocate sediment from the berths and other
restricted areas into the operating area of the trailer
suction dredger. The plough may also be used to flat-
ten out the peaks and troughs produced by the opera-
tion of the trailer suction dredger. Approximately
50,000 wet tonnes of sediment is moved from the
restricted areas to be picked up by the trailer suction
dredger and removed to sea. 

Harwich Haven Authority (HHA) use turbidity meters to
monitor the turbidity caused by both the plough and
trailer suction dredgers, in addition to surveying the
impacts on benthic organisms and fisheries. HHA are
presently deepening the approach channel, and are
involved in projects to beneficially use the dredged
sediments in the local estuaries. One of these benefi-
cial uses involves placing dredged silts into the water
column to provide a sediment source with the aim of
facilitating deposition on the mudflats. The increases in
the suspended solid content of the water column in the
deposit areas will mask any effects of using a plough. 

Since the survey was completed, licences have been
issued to Harwich Haven Authority for the disposal of
approximately 27 million wet tonnes of material dredged
as part of the capital project to deepen the approach
channel. This disposal is in licensed dumping sites
offshore, in additional to the near-shore and estuarial
beneficial deposits.     

THE USE OF SIDECASTING IN THE UK 

The following comments are not derived from the
survey of dredging techniques, but are drawn from
CEFAS’s experience in relation to assessing application
for FEPA licences. 

In addition to the disposal of dredged material at sea,
the deposit of material below mean high water springs
in relation to marine constructions is also regulated
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should be removed from the seabed on completion of
the project and disposed of either to land, or to licensed
marine disposal sites. The implications of not removing
the excess material depend upon the site and the
nature of the sediment, but may include damage to
fishing equipment, provide a long-term source of sus-
pended sediment or interfere with natural sediment
transport processes.  In some cases, there may be a
potential for more damage to result from the removal
of the material than leaving it in situ, so this must
considered in the assessment

The physical impacts of sidecasting include:
–  Direct smothering of benthic habitats by deposition

onto the seabed.
–  Increase in suspended sediment loads during trench-

ing, deposition onto the seabed and the possible
transport of suspended material to other areas.

–  Once sidecast, the deposit will provide a source of
sediment to be transported away from the construc-
tion site and deposited in other (possibly more sensi-
tive) areas. 

–  Further release of sediment during replacement in
the trench, or removal of excess material from the
site.

The importance of these impacts will depend upon the
type and quantity of material to be sidecast (recent
applications have ranged from <1000 wet tonnes to

under FEPA. The recent changes in European and UK
legislation relating to the quality of marine discharges
has prompted an increase in the number of applications
for the construction of new outfalls. The following
paragraphs describe the approach CEFAS use when
advising the Ministry of Agriculture, Fisheries and Food
of the impacts of outfall construction.    

The most common method (currently) of outfall con-
struction involves the dredging or excavation of a
trench, and the placing of the excavated material on the
seabed to one or both sides of the trench. This process
is termed sidecasting. The dredging/excavating of the
trench is not regulated by FEPA, but a FEPA licence is
required to deposit the material onto the seabed. There
are a number of generic issues of concern related to
the environmental effects of sidecasting, however the
importance of each issue will depend upon the specific
characteristics of the construction site. Each application
for sidecasting is assessed independently according to
the sensitivity of the site but using a common set of
guidelines. 

Physical impacts
The main reason for sidecasting is to provide a tempor-
ary deposit site for material that will be required to infill
a trench after placement of the outfall pipe. In many
cases only a proportion of the sidecast material will be
suitable for trench infilling. The rest of the material
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Figure 9. Trailing suction hopper dredger at work in the Harbour of Felixstowe, deepening the approach channel 
to make the harbour more accessible to the new generation of container ships.



>250,000 wet tonnes), and the sensitivity of the con-
struction site and surrounding areas. All of these fac-
tors must be considered during the assessment of an
application. 

Chemical impacts
The potential chemical impacts of sidecasting include:
–  Contaminated material, if present at depth, may be

brought to the surface and deposited on surrounding
areas.

–  Contaminants may be released into the water 
column.

–  Disturbance of the sediments and the consequent
changes in physicochemical parameters may in-
crease the bioavailability of contaminants. 

Unlike dredged material that is to be disposed of at sea,
sidecast material is not routinely sampled and analysed
prior to a FEPA licence being issued. However, where
an area is likely to be contaminated or concerns are
raised by consultees, samples are analysed. In many
cases, chemical analysis is carried out during the pro-
duction of an Environmental Assessment, and hence
the data are available to CEFAS to inform the licensing
process.  

Conclusions

Hydrodynamic dredging techniques are used both
alone and in conjunction with conventional dredging
techniques at a number of ports and harbours through-
out England and Wales

Most ports or harbours which use hydrodynamic tech-
niques as their sole method of dredging move relatively
small quantities of sediment, typically <5000 wet
tonnes per annum, but up to 30,000 wet tonnes per
annum can be moved in some cases. 

Chemical and physical impacts associated with the use
of hydrodynamic dredging techniques are seldom fully
evaluated. There appears to be little if any requirement
for such assessments under existing legislative controls

Potentially adverse environmental impacts can occur
from the use of hydrodynamic techniques. A site-
specific assessment should be made to ensure that
measures are taken to minimise such impacts. Key
factors are the environmental sensitivity of the site, the
quantity and nature of the dredged sediment and the
hydrodynamic regime.

When used in conjunction with conventional dredging
from which sea disposal of the material has been
licensed, additional adverse impacts from hydro-
dynamic dredging are likely to be minimal.

A few ports may take advantage of the lack of legisla-
tive control of hydrodynamic dredging techniques and
employ them if refused a licence to dispose of dredged
material at sea. If the licence has been refused because
of high contamination of the sediment there is a strong
likelihood of adverse environmental consequences
resulting from the operation.
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Hewitt W. Jeter

Determining the Ages 
of Recent Sediments
Using Measurements 
of Trace Radioactivity

In recent years there has been a growing emphasis on
characterisation and remediation of contaminated
waterways. Often a long stretch of river and the asso-
ciated terminal estuary has been contaminated by 
industries over a period of decades. The toxic substan-
ces released by these industries become progressively
buried in the sediments, such that profiles of these
substances in the sediment become a record of the
contamination process. These water systems may
have only a fragmentary history of depth surveys, or
none at all. Such water systems require another
method to measure sedimentation rates and to deter-
mine the calendar dates associated with buried toxic
substances. 

Chronology information of this kind is useful in deter-
mining which industries caused the contamination, for
industrial production or release records can be compar-
ed to the dates of buried materials. Chronology 
information is also useful for determining whether
buried substances are migrating or degenerating.

Abstract

Laboratory analyses of sediment cores can determine
sedimentation rates and the calendar dates associated
with various depths within sediments. These chronolo-
gy results can be used for characterising the deposition
environment of a water system, which is pertinent to
the planning of dredging operations. The methods are
particularly useful for water systems which contain
buried toxic substances. Measurements of different
radioactive species give chronology information for
time frames from a half year to 100 years before the
present. Recent studies in the 1990s where this
method has been applied include the Kalamazoo River
in Michigan, the Housatonic River in Connecticut, the
Passaic River in New Jersey, the Hudson River and
Grasse River in New York. This paper presents the
practical application of three geochronology methods
which have been used. 

This subject was presented at a Workshop of the
Nuclear Regulatory Commission, Region 1, in June
1999, in Baltimore, Maryland, USA.

INTRODUCTION

The accumulation of sediment in a water system is one
of the most common situations which requires dredging.
Consequently, a knowledge of sedimentation rates is
often useful in planning dredging operations. The pat-
tern of sedimentation rates can be used to calculate
when various areas will require work. This information
can also be used to plan the time intervals between
successive operations. In shipping channels and other
locations which are frequently dredged, sedimentation
rates can be calculated from the history of periodic
depth surveys. There are instances, however, for
which no history of depth surveys exist.    
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Trace quantities of radioactivity, primarily of natural
origin, are found in most substances. The earth, the
oceans, the atmosphere and living things have always
contained a number of radioactive species. Scientific
methods for measuring recent sedimentation rates by
analysing trace quantities of radioactivity were devel-
oped by universities beginning more than thirty years
ago (Ref. 1). These methods were subsequently expan-
ded and applied to lakes, ocean environments, and
rivers (Ref. 2-5). 

With increasing interest in the environment, the tech-
niques were applied to contaminated river and estuary
systems (Ref. 6-8). The procedures involve taking
sediment cores and analysing  samples at various
depths. The distribution of natural or artificial radioactive
species in the cores can often be interpreted to pro-
duce a chronological history of the sediments and their
associated contaminants.  

Present studies of contaminated river systems often
include the taking of a pattern of sediment cores to
characterise the site. The number of cores may be
fewer than 10 or greater than 100. Cores are often 4 to
10 cm in diameter and 1 to 7 m in length. The cores are
generally cut lengthwise to enable a sedimentary
geologist to make a visual study of the sediments,
sometimes including grain size measurements. Trans-
verse sections of the cores are then sampled and sent
to a laboratory to measure the concentrations of con-
taminants, resulting in profiles of the contaminants as a
function of depth. Other sections of the core, often 2
cm in thickness, are sent to a radiochemistry laboratory
to measure trace radioactivity at various depths.  The
radioactivity data are interpreted to determine sedimen-
tation rates and the dates associated with different 

Table I. Pb-210 concentrations plotted in Figure 1.

Depth cm Pb-210 pCi/g

6  –  8 2.5  + –  0.2
10  –  12 2.2  + –  0.2
20  –  22 1.2  + –  0.1
30  –  32 1.5  + –  0.1
40  –  42 1.2  + –  0.2
50  –  52 0.86  + –  0.12
60  –  62 0.52  + –  0.08
70  –  72 0.76  + –  0.10
80  –  82 0.63  + –  0.13

100  –  102 0.51  + –  0.11
138  –  140 0.55  + –  0.12

Tolerances of the measurements are based on
detection uncertainties at the 2 sigma 
(95% confidence) level.

depths in the sediment. The chronology data are then
linked to the contaminant profiles in order to character-
ise the site.

The Teledyne Environmental laboratory has supported
many site characterisations since 1977 by performing
radiochemical analyses of core samples and interpret-
ing the sediment chronology. Work of this kind has
been performed for 23 engineering firms and for 15
universities. Recent studies in the 1990s include the
Kalamazoo River in Michigan, the Housatonic River in
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Figure 1. A profile of Pb-210 concentrations measured in a
sediment core. Results are expressed in picocuries per gram
(pCi/g). The picocurie is a small unit of radioactivity equivalent
to 2.22 nuclear transitions per minute.



being derived from direct deposition, from upstream
transport, and from decay of Rn-222 in the water. The
result is a relatively high concentration of Pb-210 in the
shallow sediments.

Figure 1 and Table I show an example of Pb-210 con-
centrations found at various depths in a sediment core.
The measurements were made by cutting 2 cm thick
sections from a core, drying the samples in a laboratory
oven, then performing chemical separations to isolate
the radioactive elements present (Figure 2). The puri-
fied elements are placed in sensitive radioactivity
detectors to measure their radioactive concentrations

Connecticut, the Passaic River in New Jersey, the
Hudson River and Grasse River in New York. This
paper presents the practical application of three 
geochronology methods which have been used. 

CHRONOLOGY STUDIES ON THE 100 YEAR

TIME FRAME: THE PB-210 METHOD

The Pb-210 (lead-210) method performs best in rela-
tively quiet deposition areas such as marsh lands (Ref.
9), bays, lakes (Ref. 4) and the backwaters of river
systems. For example, in the Passaic River (New
Jersey), more than 100 sediment cores were analysed
for Pb-210. Of those, the three cores taken from quies-
cent tributaries exhibited more regular profiles.
Fast flowing rivers may produce intermittent deposition
which is better measured by the Cs-137 (cesium-137)
method described in the next section. Nevertheless,
the Pb-210 method is often used in conjunction with
the Cs-137 method in active rivers in order to obtain
maximum chronology information.

Lead-210 is a natural radioactive form of lead which is
found in small quantities in most soils as part of the
uranium decay series. It is also produced as natural
fallout from the atmosphere by radioactive decay of
Rn-222 (radon-222) gas. Minute quantities of Pb-210 fall
constantly onto the earth’s surface. This material
accompanies and mixes with sediments which accu-
mulate at the bottoms of water systems. For a given
locality, the supply of Pb-210 is often at a steady rate,

Determining the Ages of Recent Sediments Using Measurements of Trace Radioactivity

23

Figure 3. Purified bismuth derived from a sediment sample is
loaded into a low level beta-particle detector. The measured
radioactivity of Bi-210 is used to calculate the concentration of
Pb-210.

Figure 2. Radiochemcial separations are performed to isolate
bismuth or polonium from sediment samples. The purified
elements are then analysed in radioactivity detectors.



(Figure 3). Lead-210 is often measured indirectly by
analysing its radioactive decay products Bi-210 (bis-
muth-210)  or Po-210 (polonium-210). 

The Pb-210 profile in Figure 1 shows relatively high
concentrations in the surface sediment caused by
natural fallout. There is decreasing trend with depth,
finally achieving a constant level which is inherent in
the sediment itself. The decreasing trend is caused by
radioactive decay of fallout Pb-210 with time. Deeper
levels in a core correspond to earlier times, so that
radioactive  decay is manifested as decreasing concen-
tration with depth. This is the basis for determining
sedimentation rates by the Pb-210 method.

In Figure 4, the logarithm of the “excess Pb-210”
derived from natural fallout (the measured 

concentration minus the constant concentration at
deeper levels) is plotted against depth. The linear trend
of this plot shows that excess Pb-210 concentration
varies logarithmically with depth. This situation occurs
because radioactive decay is an exponential process:
under simple decay conditions, the logarithm of a
radioactive concentration decreases linearly with time.
The decay of Pb-210 translates into a logarithmic de-
crease in excess Pb-210 concentration with depth in
the simplest case where the sedimentation rate and
the rate of Pb-210 supply are steady, and the upper
sediments are nearly uniform in physical properties 
and intrinsic uranium-series content. Although more
complex cases have been studied, simple logarithmic
profiles (or segments of profiles) are often found in
sediments and can be interpreted usefully.  

The equation of the fitted line is shown in Figure 4. The
slope of this line can be used to calculate the sedimen-
tation rate, knowing the radioactive decay coefficient of
Pb-210. When base 10 logarithms are used and the
depths are expressed in cm, the sedimentation rate in 
cm per year equals -0.01352 / slope. In the case
shown, the ratio -0.01352 / -0.0142 leads to a calcula-
ted sedimentation rate of  0.95 cm/y. 

Because of radioactive decay, excess Pb-210 (derived
from natural fallout) is generally detectable to 100 years
before the present. At depths corresponding to 100
years or older, the excess Pb-210 has decayed away
and the measured concentration represents the back-
ground level which is characteristic of the sediment
itself. If a logarithmic curve is fitted to a complete
Pb-210 profile from the surface to the 100 year level,
therefore, the sedimentation rate derived from the
slope of the line represents an average over a 100 year
time frame. Sometimes shorter segments of profiles
are analysed, as will be shown, which lead to sedimen-
tation rates averaged over shorter time periods.

Once a steady sedimentation rate has been derived
from a Pb-210 profile, calendar dates at various levels in
the sediment are easily calculated. For a given depth,
the time interval between the deposition date and the
core sampling date is equal to the depth divided by the 
sedimentation rate. This interval is subtracted from the
year in which the core was taken. In the present exam-
ple, if the core sample were taken in 1998, the date
associated with 50 cm depth would be: 
1998 - 50/0.95 = 1945.       

The “steady” sedimentation rate illustrated does not
imply that the rate is strictly constant. The 2 cm incre-
ments taken from this core encompass a time period
of  2.1 years (2 cm increment / 0.95 cm/y = 2.1 y ).
Therefore, seasonal or short-term fluctuations of the
sedimentation rate would be averaged by the sampling.
This shows that logarithmic trends of Pb-210 can be
produced even with short-term variations of the sedi-
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Figure 4. A logarithmic fit to the data presented in Table I and
Figure 1. The “excess” Pb-210 concentration is caused by
natural fallout. It is calculated in this case by subtracting the
average of the two deepest measurements (0.53 pCi/g).

Figure 5. Two distinct sedimentation rates were found in a
tributary core sample when an ox bow (loop) was cut off.



cm/y or greater may be found. At 10 cm/y, excess
Pb-210 would be produced to a depth of 10 m if no
dredging were performed. Cores of this length are
rarely taken in surveys of rivers or estuaries, and sedi-
mentation rates are calculated based on shorter, incom-
plete cores.

CHRONOLOGY STUDIES OVER THE LAST 45
YEARS: THE CS-137 METHOD

Another powerful chronology method is based on the
fallout of Cs-137 (cesium-137) from the atmospheric
testing of nuclear weapons. This fission product has
been in the atmosphere since the early days of the
nuclear age and continues to deposit on the earth in
small quantities today. Profiles of Cs-137 in sediments
indicate its deposition history which can be interpreted
to assign calendar dates. Measurements can be

mentation rate. Similarly, the rate of Pb-210 supply to
the sediment does not need to be strictly constant, but
steady when averaged over periods of about 2 years in
this example. 

An unusual case of Pb-210 chronology is shown in
Figure 5. This sediment core is derived from a meander-
ing tributary leading into one of the Great Lakes, which
formed an ox bow (loop) which was subsequently cut
off, straightening its path. Two logarithmic lines with
different slopes are shown which indicate two different
sedimentation rates. The date when the stream 
changed course is calculated from the depth of the
slope break and from the shallower sedimentation rate.
The discontinuity in profiles occurs near 66 cm depth.
Because the core was taken in 1996, the date of this
event is calculated as 1996 - 66/1.8 = 1959. Cases have
been reported where multiple straight line segments
are found on logarithmic plots of Pb-210 concentration
versus depth.

Figure  6 illustrates the variation in performance of the
Pb-210 method. Both logarithmic Pb-210 profiles were
obtained in the same river system (the Passaic River)
and both indicate nearly the same sedimentation rate.
The upper profile exhibits significantly more scatter of
the data points which is indicated by its lower value of
the correlation coefficient, R2. This scatter may be
caused by intermittent deposition during storm, flood
and seasonal events. Scatter of Pb-210 data are often
associated with layers of sand found between layers of
silt. The sand layers, produced by high energy erosion
events, often have low values of Pb-210. Profiles which
exhibit significant scatter of the data imply greater
uncertainty of the sedimentation rates, such as the
example of the Passaic River given above. For this
reason, the Pb-210 method is often augmented or
replaced by the Cs-137 method for fast flowing rivers,
as described in the next section.  

The Pb-210 method is usually applied to sedimentation
rates greater than 0.1 cm/y, which are of primary in-
terest in dredging studies. In the case of a 0.1 cm/y
sedimentation rate, the 100 year time frame would
produce excess Pb-210 over the shallowest 10 cm of
sediment. Often the first few cm of sediments produce
anomalous Pb-210 trends, however, which are difficult
to interpret. These anomalous measurements may be
caused by mixing of the sediments by biological organ-
isms or by physical processes. In addition, the density
of sediments may vary considerably in this region,
making the application of the simplest model invalid.
Often Pb-210 data in the first few centimetres depart
from the logarithmic trend found at greater depths, and
these data points are excluded in the fitting of logarith-
mic profiles.       

For high sedimentation areas such as bends in river
channels and in river deltas, sedimentation rates of 10
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Figure 6. Logarithmic Pb-210 profiles from cores taken at two
locations in the same river system (Passaic River). The
calculated sedimentation rates are nearly equal but the lower
plot exhibits greater certainty because the profile shows less
scatter of the data points.



performed in the laboratory by direct analyses of the
gamma radiation from a sediment sample (Figures 7
and 8) without any chemical processing.  

The Cs-137 method is fundamentally different from the
Pb-210 method in that it provides date “markers”
rather than concentration slopes which can be interpre-
ted. The first appearance of Cs-137 in sediments gene-
rally marks the year 1954, for that is the year when

concentrations generally achieved detectable levels.
Thus, if Cs-137 is detected at a given depth, the date is
interpreted to be 1954 or afterward. The level in the
sediment at which Cs-137 is first detected is called the
Cs-137 “horizon”, following geological terminology.

If a series of analyses are made at various depths in a
sediment core, another Cs-137 marker is often found in
the form of a concentration maximum at the year 1963.
This is caused by the increase in nuclear testing in the
late 1950s and early 1960s, followed by a subsequent
decrease in testing. 

Figure 9 and Table II show a Cs-137 profile measured in
a sediment core in 1995. The profile shows a Cs-137
horizon near 48 cm depth. This marker can be used to
calculate a  sedimentation rate as follows: (48 cm
depth) / (41 y between 1954 and 1995) = 1.2 cm/y.
The profile also shows a Cs-137 maximum near 37 cm
depth. This marker can also  can be used to calculate a
sedimentation rate: (37 cm depth) / (32 y between
1963 and 1995) = 1.2 cm/y. In this case, the same
sedimentation rate is calculated from both markers. 

This is not always the case, however, because events
such as unusual floods could occur between the years
1954 and 1963, causing the two calculations to differ.
A study in the Delaware River estuary showed sedi-
mentation rates between 1954 and 1963 to be twice
as high as sedimentation rates after 1963 because of
storm events in the earlier interval (Ref. 9). 
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Figure 7. A sample prepared in a standard cylindrical container
is placed on a germanium-lithium diode detector to measure
its gamma radiation.

Figure 8. The gamma ray energy spectrum shown on this
screen represents several radioactive species being analysed
by the germanium-lithium diode detector in the background.

Figure 9. A profile of Cs-137 concentrations measured in a
sediment core. The concentration maximum indicates the
year 1963 and the depth at which Cs-137 disappears marks
the year 1954.



found marking the year 1954, but no maximum con-
centration is found to mark the year 1963. This often
happens at locations where all the Cs-137 concentra-
tions are low or near the detection limit. Other cases
show more than one maximum in concentration,
although the larger maximum generally marks the year
1963. The shape of the Cs-137 maximum can be sharp
and distinct or broad and blunt. This shape has been
related to the depth of surface mixing of sediments by
biological organisms or by physical processes. 
Modelling studies show that broader maxima in Cs-137
concentrations are produced when several cm of
surface sediment are mixed (Ref. 4).  

CHRONOLOGY STUDIES OVER THE LAST

HALF YEAR: THE BE-7 METHOD

Several radioactive species are continually produced in
the atmosphere by the interaction of cosmic radiation
(from outer space) with gas molecules. One of these
species is Be-7 (beryllium-7) which was confirmed by
measurements of rain water (Ref. 10). This nuclide
forms part of the natural fallout which accumulates in
the surface sediments of water bodies. It is used to
provide additional information in surveys for chronology
purposes.

It is practical to measure Be-7 by direct gamma spectral
analysis of a sediment sample simultaneously with the
Cs-137 measurement, without additional cost. These
two radioactive species produce gamma radiation at
different energies, so that they appear in different
regions of the spectrum (Figure 8). Such measure-
ments are not as sensitive, however, as the more
laborious chemical separation procedures which are
sometimes used in scientific studies. 

It is often useful to compare sedimentation rates calcu-
lated by the Pb-210 method and the Cs-137 method.
The core illustrated in Figure 9 is the same core which
was illustrated for Pb-210 in Figure 1. Analysis of the
Pb-210 profile resulted in a calculated sedimentation
rate of 0.95 cm/y, which is lower than the rate of 1.2
cm/y calculated from both markers of the Cs-137
profile. The discrepancy  is explained by the different
time frames characterised by the two methods. The
sedimentation since 1954 (characterised by the Cs-137
method)  has been more rapid than the 100 year aver-
age characterised by the Pb-210 method.

The shapes of Cs-137 profiles vary significantly (Figure
10). Cases commonly occur where a Cs-137 horizon is
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Figure 10. Profiles of Cs-137 in sediments exhibit different shapes. Overall concentration levels and mixing 
of the surface sediments are contributing factors.

Table II. Cs-137 concentrations plotted in Figure 9.

Depth cm Cs-137 pCi/g

0  –  2 0.27  + –  0.11
8  –  10 0.26  + –  0.08

10  –  12 0.36  + –  0.11
12  –  14 0.31  + –  0.12
16  –  18 0.39  + –  0.11
22  –  24 0.38  + –  0.10
30  –  32 0.51  + –  0.10
36  –  38 1.19  + –  0.11
38  –  40 1.03  + –  0.11
40  –  42 0.55  + –  0.11
46  –  48 0.13  + –  0.07
54  –  56 < 0.09
62  –  64 < 0.09

Tolerances of the measurements are based on
detection uncertainties at the 2 sigma 
(95% confidence) level.



Beryllium-7 decays relatively quickly, with a half-life of
53 days ( in one half-life the concentration of a radioac-
tive species decays to half of its original level). For
comparison, the half-life of Pb-210 is 22 years and that
of Cs-137 is 30 years. Because of its rapid decay, Be-7
is only found in the first few cm of sediments. Conse-
quently, it has limited utility in the practical study of
sedimentation rates for characterising water systems.
It has been used effectively, however, for the scientific
study of vertical mixing processes in surface sediments
(Ref. 11). 

For practical survey work, the primary utility of Be-7 is
to indicate whether there has been very recent deposi-
tion at a sampling location (within the last half year) and
whether the sediment core has been taken with the
surface sediments intact. Detection of Be-7 in the first
cm or two of a core gives affirmative answers to these
questions. But conversely, if Be-7 is not detected in the
surface sediments, these questions are not necessarily
answered in the negative. The reason for this is that
vertical mixing of the surface sediments by biological
organisms or by physical processes can dilute the Be-7
concentration to the point where it is undetectable by
the practical, direct gamma analysis method. 

To illustrate, in two different studies of the Passaic
River system, one study showed reliable detection of
Be-7 in 38% of the cores taken. In the other study, only
16% of the cores showed Be-7 near the surface. It is
evident that Be-7 can provide supplemental information
in a practical survey, but that it is not as useful as
Pb-210 or Cs-137 for measuring sedimentation rates
(Ref. 8).    

Conclusion

In recent years, many surveys of contaminated river
systems have included analyses of sediment cores to
provide chronology information. These analyses have
been used to calculate sedimentation rates and to
provide calendar dates associated with various levels in
the sediments. Chronology information of this kind can
assist in determining which industries caused the
contamination, for industrial production, or release
records can be compared to the dates of buried mate-
rials. Chronology information is also useful for deter-
mining whether buried substances are migrating or
degenerating, knowledge which is often useful in
planning dredging operations. 
The techniques used in sediment chronology are de-
rived from universities and from scientific studies.
Although many techniques have been developed, only
measurements of man-made Cs-137 and natural
Pb-210 and Be-7 have emerged as practical approaches
to the chronology of sediments accumulating within
the last 100 years for site characterisation and remedia-
tion studies.
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Books/
Periodicals 
Reviewed

of deltas.” The keynote speakers focussed on the four
areas that had been selected to define the essential
functions of publics works departments:
–  Political Objectives and Financial Means
–  Public Opinion and Interest Groups
–  Local and Regional Interests
–  Technological Innovation.

One of the last sections of the proceedings is the
Conference Statements. These statements were
formulated in parallel sessions. The highest level ses-
sion consisted of the Directors-General of Public Works
Departments. Other sessions focussed on specific
themes, which correspond to the four areas mentioned
above. The value of these statements is that they
synthesise the thoughts and ideas of the participating
representatives from the nations attending and they
provide a framework for future attention and study.

Without diminishing the importance of other sections
of the proceedings, the section entitled, “Visions of
Netherlands Organisations”, bears special attention.
Because of the preeminence of The Netherlands in
dredging and related technologies, it has been and
remains a centre of expertise on such technologies.
Combined with the Dutch population concentrated in a
delta, it is logical that past and current policies as well
as the vision of the future, the visions expressed in this
section, are timely, relevant and filled with experience
that exists no where else.  

The proceedings are published in a first-class hardcover
book and are divided into discrete sections, which, after
the Preface and Introduction, include:
–  Opening and Closing Addresses
–  Keynote
–  Country/Delta Position Papers
–  Characteristic Data of the Delta Countries
–  Visions of International Organisations
–  Visions of Netherlands Organisations
–  Conference Statements
–  Committees

Sustainable Development of Deltas
Proceedings of the International Conference at the
Occasion of the 200th Year of the Directorate-General
for Public Works and Water Management. Amsterdam,
The Netherlands. November 23-27 1998. Delft Universi-
ty Press. Hardbound, 473 pp, illustrated.

Edited by Henk Oudshoorn, Bart Schulz, 
Anne van Urk and Paul Zijderveld

It goes without saying that the matter of development
in river deltas is intrinsically linked to the history of The
Netherlands and the Dutch Rijkswaterstaat. The occa-
sion of the 200th anniversary of the Rijkswaterstaat
provided an excellent opportunity to share these expe-
riences and to exchange ideas on issues of future
relevance with countries that also have densely popula-
ted deltas. The event let to the international conference
that is summarised in these proceedings.

The conference included high-level representatives of
publics works departments from Argentina, Bangla-
desh, China, India, Indonesia, Mozambique, Pakistan,
The Philippines, Russia, Rumania, Sri Lanka, Surinam,
The Netherlands, Thailand and Vietnam. The proceed-
ings include the national summaries of each country’s
representatives, highlighting the following aspects:
–  situation of the country or delta in the country;
–  overview of developments and future constraints;
–  overview of policy plans to meet the challenges; and
–  future prospects and needs for co-operation.

Each session was prefaced with a keynote address
establishing the session’s primary theme. The keynote
presented by Mr. P. Kieft, Acting Director-General of
the Rijkswaterstaat, is of particular interest and rele-
vance. The presentation has wide application to any
and all who deal with public works functions and
especially in a marine or riverine setting. 

Likewise, the other keynote papers are especially
valuable and have much broader application than the
subject of the conference, “sustainable development
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–  Participants
–  200 Years Directorate-General of Public Works and

Water Management
–  Abbreviations

The subject of the proceedings is expansive and whilst
some of its elements bear on the technology of dredging
and marine technology, its scope is far greater. It
places in a context to the technological applications
within the structure of the four areas mentioned earlier.
Readers in nations where delta populations exist
should obtain and familiarise themselves with the
contents of these proceedings. An interesting note is
the absence of participation from the United States, a
nation where a number of deltas and populations fall
within the scope of this conference.

This publication may be obtained from:
Delft University Press
PO Box 98, 2600 MG Delft, The Netherlands
tel. +31 (0)15 278 3254
fax +31 (0)15 278 1661

Dredgers of the World, 2nd Edition.
Oilfield Publications Ltd/Dayton’s Publishing Ltd.
Herefordshire, UK. 680 pp, illustrated. 1999.

Prepared in cooperation with the 
International Association of Dredging Companies

The first edition of this world-wide catalogue of 
dredging vessels was published two years ago. It was
so well received by clients and principals alike who
require dredging services that the publishers were
encouraged to continue the endeavour. Hence a new,
updated better-than-ever book has recently been
published.

Obviously, this second edition has built upon the expe-
riences of the first, and this comprehensive register of
the world’s fleet of dredgers has been expanded and
improved. The new edition has been carefully updated
with assistance of the IADC and others, and provides
characteristics of the dredgers, owners, managers,
affiliations and in many cases a drawing or photograph
of the dredger. Furthermore, the list of owners/
managers and affiliated companies gives the current
addresses, telephones, facsmile and telex contacts for
the vast majority of those listed. It is apparent that to
compile the detailed listing of such a comprehensive
nature, the owners had to have been major cooperators
in the publication.  

The dredgers types and number of units included in the
book are as follows:
–  Backhoe/Dipper/Grab Dredgers (178)
–  Barge Unloading Dredgers (21)
–  Bucket Ladder Dredgers (72)
–  Cutter Suction Dredgers/Bucket Wheel Dredgers (19)

–  Special Equipment (agitation, water injection and
wormwheel dredgers) (19)

–  Suction Dredgers (26)
–  Trailing Suction Hopper Dredgers (261)

The criteria for including dredgers have provided a
listing of all dredgers of consequence that may be of
interest in terms of most conceivable dredging projects,
and it has done so in a manner where one may look for
the information on the basis on a variety of starting
points. The publication quite effectively meets the
challenges of organising a tremendous amount of
information and a variety of indices allows the user to
access the equipment in a variety of ways. 

Enough particulars for each dredger are presented to
allow an initial screening of those suitable for a specific
set of circumstances on a project. Specifically listed for
each dredger are the following categories:
–  General: name, owner, marine manager, year built,

type, classification, flag, call sign;
–  Main Dimensions: LOA, breadth, depth, drafts (dred-

ging loaded and unloaded), GRT, NRT, DWT;
–  Machinery and Power: main engines, available 

horsepower (all modes of operation)), performance
–  Dredging and Discharging Equipment: dredging

depths, capacities (dredging and discharge), shore
delivery system (if applicable), hopper capacity, pipe
diameters;

–  Accommodations (if applicable); 
–  Mooring System; and
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–  the high bridge across the Flinte Channel; and
–  the railway engineering system and installations.

The conference deals primarily with the first of the
large separate parts of the total project; namely, the
dredging and reclamation work. This work involved the
excavation of nearly 8 million cubic metres of material.
The conference provided an overview of the planning,
design and construction of the dredging and reclama-
tion part of the Link Project, and the proceedings cap-
ture the technical papers and posters related to this
specialty conference. 

The Link Project is one of the major public works capital
projects in the world today and presented monumental
engineering, environmental and operational challenges.
Beyond that, it involved two nations and the European
Union, and the political aspects that impinge on a
project such as this that crosses so many borders.

The value of these proceedings is that they encompass
the full spectrum of the issues and problems related to
a major international public works project. They sum-
marise the approaches that led to the successful exe-
cution of the project. For these reasons, they  make
fascinating reading, even for one not particularly tech-
nologically inclined. For those in the engineering field,
these proceedings present some real-world experien-
ces and expertise in the many complex aspects of such
a major project.

The proceedings contain 28 papers and 10 posters, of
which  3 posters fall within dredging and reclamation-
related topics. The papers cover such broad subject
matter ranging from geographical, political and social
development issues related to such a project, to the
planning, execution, contract development and
management, equipment selection and utilisation, as
well as the many aspects of the engineering, design,
construction and environmental matters.  

A quick read through the papers finds one wanting to
delve deeper into each subject and paper, so the read
becomes an extended read after all. This is a tribute to
the organisers, and the authors of this conference, who
choose the subject matter and to the editors who
assembled the proceedings. As one of the few very
large civil works project in the world today, this com-
pendium of experience is extremely valuable to those
who will consider, plan and execute future projects. It
is a significant written record for future generations of
engineers and builders of major works. For the resear-
cher and archivist, it is notable that the editors took the
time and trouble to include abstracts and key words for
most papers.

To assist the reader in gaining an appreciation for the
scope and depth of the papers presented, a listing is
herewith provided.

–  Additional Data, which includes all other information
not elsewhere specified.

Dredging News Online

With the ever-increasing number of worldwide dredging
projects, an update every two years is far from 
adequate. Therefore the publishers have initiated a
website www.sandandgravel.com/news as a free
online service. Every fortnight it is updated with current
information on tenders and contracts, new technology,
new vessels, R&D, company news and other pertinent
information in the dredging industry. Though the sub-
scription is free, there is an opportunity to advertise
(contact address: opl@dial.pipex.com).

In summary, this most recent addition to dredging
literature is extremely comprehensive and far surpasses
any periodicals which, limited by size, can only attempt
to publish an annual listing of dredgers. It is highly 
recommended for users or libraries where dredgers play
an important role and up-to-date information is prized.

To order the publication contact:
IADC Secretariat, Duinweg 21, 
2585 JV The Hague, 
The Netherlands
tel. +31 70 352 3334/ fax +31 70 3512 2654 
or use the attached publication form.

Or contact:
Oilfield Publications Limited/Dayton’s Publishing Ltd.
Homend House, PO Box 11, Ledbury, 
Herefordshire HR8 1 BN, United Kingdom
tel: +44 (0) 1531 634563, fax: +44 (0) 1531 634239
email: opl@dial.pipex.com

Challenges, Solutions and Lessons on Environmental
Control, Project Management Construction
Methodology, Dredging and Reclamation Technology.
Proceedings of the Øresund Link Dredging and Recla-
mation Project, 26-28 May 1999, Copenhagen, Denmark.
Published by Øresundskonsortiet/Central Dredging
Association/Öresund Marine Joint Venture, Denmark
and The Netherlands, 1999.
Softcover, 356 pp, A-4, illustrated.

Edited by Iversen and Morgensen

The Øresund Fixed Link Project creates a link between
Denmark and Sweden, an area occupied by three
million inhabitants. It is a combined rail and motorway
link extending 16 km between Kastrup on the Danish
side to Lernacken on the Swedish side. The project is
split into five large sub-projects:
–  dredging and reclamation work;
–  the immersed tunnel under the Drogden Channel;
–  the low and approach bridges;

Books/Periodicals Reviewed
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Technical Papers
–  Potential Integration of Copenhagen and Malmö-

Lund. A Cross Border Integration
–  Project on the European Metropolitan Level.
–  “Build a Link!” - Goals, principles, strategies and

results.
–  The D & R works that make the foundation for the

link.
–  The role of the International Expert Panel in the

design and execution of environmental management
of the Øresund Link.

–  Translation of bi-national legislation into specific
operational criteria.

–  Environmental management and the impact on
execution.

–  How to secure co-operation between the Contractor,
the Owner and the Authorities.

–  Choosing the right Contract and the right Contractor.
–  Control is good, Confidence is better.
– Geotechnical Investigations: Subterraneous mapping.
–  An Assessment of the Limestone. Planning and

estimation of the dredging and reclamation works.
–  Dredging Operations and Technology – Meeting

Challenges with the Dredge Chicago.
–  Dredging Operations and Technology – Castor.

Increasing the efficient use of 3680 kW cutter 
power.

–  Construction of the perimeter for the island and
peninsula.

–  Optimised use of Dredged Materials for Reclama-
tion.

–  How deep and how much? The development of an
integrated survey package.

–  Introduction to Spill, Spill Monitoring and Spill 
Management. 

–  Feedback Monitoring Programme — Strategies and
principles.

–  Feedback Monitoring — Implication on the dredging
works.

–  The Authorities’ Monitoring Programme. 
–  How essential were the Environmental Requirement-

Alternatives?
–  What did project management learn? (The Owner).
–  The Öresund Marine Joint Venture — An integrated

management for a non-integrated joint venture.
–  What did the Authorities learn?
–  Engineering solutions to environmental concerns and

the Northumberland Strait Crossing Project.
–  Reflections made by the Dredging Industry.
–  Reflections made by an Owner — Different Environ-

ments, Different Solutions Experience at Harwich
Haven.

–  Jamuna Bridge Project- Lessons Learned and 
Experiences.

Posters
Posters related to the Øresund Link Project:
–  Efforts made by the Owner to go hand in hand with

the Contractor.

–  Investigations of the Properties of Dredged Lime-
stone Fill.

–  Dredged Moraine Clay as High Class Fill Material.
–  Spill Monitoring Set-up - Evaluation of the Optimisa-

tion Process.
–  Spill from Dredging Activities.
–  Environmental Research prior to Construction
–  Establishing Baseline Conditions as Basis for Environ-

mental Impact Assessments and Design of Monitor-
ing Programmes, Marine Biology and Sediment
Studies (combined paper).

–  Management of the Authorities' Environmental
Control and Monitoring Programme for the Øresund
Fixed Link.

Posters within D&R related topics:
–  New Software for the Estimation of Sediment 

Release during Dredging and Dredged Material
Disposal.

–  Improvements to the Environment as a result of the
Khor Faridah Dredging and Reclamation Project
carried out in Abu Dhabi.

–  Enhancing Dredging Efficiency by Selecting the Right
Pipeline.

Certainly these proceedings are a must for anyone
connected with dredging or marine construction
projects. The book is very well laid out and the printing
is of a fine quality.  One trivial but important element of
the book is that it has the title well displayed on the
binding so it is readily seen on the library shelves. The
proceedings may be obtained from the following 
sources:

Øresundkonsortiet
Kastruplundgade 20-24
DK-2770 Kastrup, Denmark
Email: tunnel@oresundskonsortiet.com

Central Dredging Association
P. O. Box 488
2600 AL Delft, The Netherlands
Email: ceda@dredging.org

Öresund Marine Joint Venture
C/o Per Aarsleff A./S
Lokesvej 15
DK-8230 Aabyhoej, Denmark
Email: info@aarsleff.com
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Seminars/
Conferences/
Events

SingaPort 2000
Singapore Expo

March 29-31 2000

Asia’s premier maritime exhibition and conference
incorporates port and maritime equipment, shipbuilding
and repair, and logistics and warehousing. The 
exhibitors include suppliers of ships, engines, cargo
handling, marine safety equipment as well as port
planners, environmental and research and develop-
ment services and insurance and financial services. 

Attendees will include port authorities, government and
trade organisations, cargo and container terminal opera-
tors, and all types of marine consultants and related
services.

For further information please contact:
Mr Chandran Nair, PSA Exhibitions Pte Ltd.
1 Maritime Square #09-72, WTC
Singapore 099253
tel. +65 321 2103, fax +65 274 0721
email: chandran@hq.psa.com.sg

Shipping Eurasia 2000
Feshane Fuar Exhibition Centre,

Istanbul, Turkey
April 6-9 2000

Trade fair organiser Jaarbeurs Utrecht, The Netherlands
has announced Shipping Eurasia 2000, a brand-new
activity focussing on the fast-growing Turkish and
regional shipping market. Bordered by the Black Sea,
the Aegean and the Mediterranean, Turkey is expected
to see a remarkable expansion of its port and harbour
activities in the coming years.

Special events include: a high-ranking pavilion on port
equipment and management; a shuttle seabus from
the exibition to the main Turkish shipyards at Tuzla and
a comprehensive range of technical presentations and
seminars.

World Water Fair
Netherlands Congress Centre
The Hague, The Netherlands

March 16-21 2000

This international fair is being held in conjunction 
with the 2nd World Water Forum and Ministerial 
Conference, at the invitation of the Dutch Government
and under the auspices of the World Water Council. In
the last two days of the forum, a conference of Heads
of Government and Ministers will be held. 

The aim of the forum is to discuss one of the major
problems facing the world in the new millennium: how
to supply and manage clean water sustainable for the
benefit of people, the food chain, and the environment. 

Water management experts from all over the world
representing NGOs, government on all levels, water
companies and public utilities, water-related industries,
engineers, consultants, researchers, trade associations
and educational institutions are expected to attend.
A special WaterPlanet VISION pavilion, including 
spectacular multimedia effects, will be featured.

For further information contact:
www.worldwaterforum.org   or
www.aquatech-rai.com

Amsterdam RAI/Aquatech Business Media, 
Organisation World Water Fair
PO Box 77777
1070 MS Amsterdam, The Netherlands
tel. +31 20 549 1212, fax +31 20 549 1843
email: worldwaterfair@rai.nl

Second World Water Forum & 
Ministerial Conference, 
Ministry of Foreign Affairs, DML/PS
PO Box 20061, 2500 EB The Hague, 
The Netherlands
tel. +31 70 348 5402, fax +31 70 348 6792
email: office@worldwaterforum.org

Seminars/Conferences/Events
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For further information please contact:
In Turkey:
FGS Fuarçilik AS, Att: Mr Ali Çiv
Çeliktepe, Inönü cad. No: 11/3
4. Levent/Istanbul — Turkey
tel. +90 212 282 8808, fax +90 212 281 2713
email: fgsfair@fgsfair.com.tr
http://www.fgsfair.net

For other countries:
Royal Dutch Jaarbeurs, 
Att: Mr. Harold Mol, PO Box 8300
3503 RM Utrecht, The Netherlands
tel. +31 30 29 55 662, fax + 31 30 29 55 585
email: molhd@jaarbeursutrect.nl
http://www.jaarbeursutrecht.nl

River Trans China 2000
Central China International Fair Center,

Wuhan, PR China
June 13-16 2000

The 2nd China Wuhan International River Transporta-
tion, Port & Shipbuilding Technology and Equipment
Expo is being organised by the Chang Jiang River
Transportation Administrative Bureau, an agency of the
Ministry of Communication. The Chang Jiang (formerly
Yangtze) river is the number one river in China and now
ranks as the second largest economic region after the
southeast coastal area. 

A plan from 1995-2010 for future development of the
Chang Jiang area has been approved by the Wuhan
Government. Its aim is to construct ports and channels,
strengthen the support and maintenance systems as
well as renew modern cargo ships in order to meet the
needs of the national economy and social development. 

The first exhibition was held in 1998 and was well
attended by many European and Asian exhibitors. This
year’s exhibits will include ports and channels enginee-
ring; ports communication systems; harbour and dock
equipment; marine management and engineering; and
other related exhibits.

For more information please contact:
Ms Carmen Yeung, Managing Director
or Ms Michelle Lee
Units A&B, 14/F, Guangdong Tours Centre
18 Pennington St., Causeway Bay, Hong Kong
tel. +852 2881 5889, fax +852 2890 2657
email: tgrexpo@netvigator.com
http://www.together-expo.com

WEDA XX & TAMU 32
Crowne Plaza Hotel, 

Warwick, Rhode Island, USA
June 25-28 2000

The Twentieth Western Dredging Association Annual
Meeting and Conference and the Thirty-second Texas
A&M University Dredging Seminar will be held simulta-
neously in June 2000 in Rhode Island. The theme of
the conference is “Dredging Technology for the Millen-
nium” and will be a forum amongst port and harbour
authorities, agencies, users, dredging companies,
environmentalists, consultants and academicians 
in this field. A technical paper committee will review
and select all submitted papers. In addition, “a student
call for papers” has been issued to selected academic
institutions asking students to submit abstracts. 
Four student papers will be selected, included in the
conference papers and given a monetary reward. 
An exhibition will also accompany the conference, and
space is presently available.

For further information please contact:
Executive Director, WEDA, PO Box 5797, 
Vancouver, WA 98668-5797  USA
tel. +1 360 750 0209, fax +1 360 750 1445
email: weda@juno.com

BaltExpo-2000
Olivia Hall, Gdańsk, Poland  

September 5-8 2000

This 10th International Maritime Exhibition BaltExpo-
2000 has established itself amongst Europe’s leading
exhibition in the maritime sector and has created a
forum for Polish and foreign suppliers and end-user.
The exhibit is sponsored the Polish President, Prime
Minister and Minister of Transportation and Maritime
Economy. Exhibits will include shipbuilding, repairs and
conversion; eguipment, machinery and engines; com-
munication, navigation and position; ports, services and
terminals; cargo handling; offshore; pollution control
and much more.

For further information please contact:
Agpol Promotion Ltd.
17, Śniadeckich Str., 00-654 Warsaw, Poland
tel. +48 22 628 7295 or 628 7296
fax +48 22 625 23 98
email: agpol@pol.pl

Biuro Reklamy SA
9, Flory Str., 00-586 Warsaw, Poland
tel. +48 22 849 6081 or 849 6006
fax +48 22 849 3584
email: BRSA@pol.pl
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Prospective authors are requested to submit a 300-
word abstract by March 1 2000 either as hard copy or
electronically. Notification of acceptance will be by April
15. The deadline for the submission of draft manu-
scripts is September 1 and the final submission is
February 1, 2001.

For further information, please contact:
EADA Secretariat, John Dobson
GPO Box 388, Hamilton Central,
Qld 4007, Australia
tel/fax  +61 7 3262 3834
email: dobsoncj@hotmail.com, or

Authors from the CEDA region (Europe, Africa, 
Middle East) should contact:
CEDA Secretariat, Anna Csiti
PO Box 488, 2600 AL Delft, The Netherlands
tel. +31 15 278 3145, fax +31 15 278 7104
email: ceda@dredging.org

4th PIANC-PCDC Seminar
Buenos Aires, Argentina

November 20-24 2000

Camara Argentina de Consultores with the support of
the Subsecretaria de Puertos y Vias Navegables and in
cooperation with the Spanish National Section of
PIANC is organising this seminar in Buenos Aires. 
Papers are invited on inland waterways and shipping;
capital and maintenance dredging; maritime ports and
shipping; multi-modal transport, fishing ports and coas-
tal zone managment.
Deadline for a one or two page abstract is March 1
2000. The seminar will be conducted in Spanish with
simultaneous translation into English and vice versa.

For further information please contact:
PIANC Secretariat,
Graaf de Ferraris, 11éme ètage, 
Boïte 3 Bld. Emile Jacqmain 156, 
B-1000 Brussels, Belgium
tel. +32 2 553 7159 or 7160, fax +32 2 553 71 55
email: navigation-aipcn-pianc@tornado.be
http://www.tornado.be/~navigation-aipcn-pianc

Oceanology International 2001 Americas
Miami Beach Convention Center, 

Miami Beach, Florida, USA
April 3-5 2001

The first OI Americas exhibition and conference will be
held in April 2001 and will be held biennially thereafter.
It is set to become a joint ocean forum bringing together
all sides of industry, science, research, government and
academia, with a natural focus on the opportunities
facing the Americas.
As a transport hub handling 60 percent of airline traffic
between the Americas, Miami has been chosen for
ease of travel for the global ocean community as well
as for the concentrations of ocean science and techno-
logy institutions in Florida.

For further information please contact:
In the Americas:
Kari Jacobson, OI Americas
PGI/Spearhead, PGI Inc,
2200 Wilson Boulevard, Ste. 200
Arlington, VA 22201-3324, USA
tel. +1 703 312 9129, fax +1 703 528 1724

For other countries:
Jane Blinkenberg, OI Americas
PGI/Spearhead, Spearhead Exhibitions Ltd,
Ocean House, 50 Kingston Road,
New Malden, Surrey KT3 3LZ, United Kingdom
tel. +44 181 949 9813 or 949 9222,
fax +44 181 949 8186
email: oiamericas@spearhead.co.uk
http://www.oiamericas.com

Call for Papers

WODCON XVI and Exhibition
Hotel Shangri-la,

Kuala Lumpur, Malaysia
April 2-5 2001

The Sixteenth World Dredging Congress and Exhibition
will be entitled “Dredging for Prosperity; Achieving
Social and Economic Benefits”. New ways of dredging
and handling dredged materials are continually being
found. These need to be promoted in order to achieve
social and economic benefits. Papers showing the
benefit/cost relationship of dredging works are espe-
cially encouraged, including new forms of dredging,
and reclamation contracts, monitoring dredging with
respect to environmental benefit, developments in
education and training, case studies and other develop-
ments in the industry. 

Seminars/Conferences/Events

35



Terra et Aqua – Number 78 – March 2000

36

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 August 31, 2000, 
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: Singapore
Date: October 9-13, 2000

In cooperation with the National University of Singapore
(NUS) and the Applied Research Corporation (ARC),
International Association of Dredging Companies is
pleased to organise, for the fifth time, an intensive,
one-week seminar on dredging and reclamation.

The last course, held in February 1998, met with such
enthusiastic response, that IADC, building on this
success, has decided to present this seminar again in
2000. The costs are US$ 2950, 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 �� VISA �� Diners Club

Account no.:

Expiry date:

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



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 2000
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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