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EDITORIAL

If you think at first glance that this issue of Terra et Aqua seems to have a South
American tint, then you are right. South America is clearly becoming one of the
emerging markets for both maintenance and capital dredging activities.

The waterways in the vicinity of Buenos Aires are the focus of two of our
articles. As the Argentine government strives to stimulate economic reform, 
many industries and services are being privatised, including the ports and harbours.
One of these reforms has been to take the unusual step of privatising the container
terminals, ports and harbours including the maintenance dredging of several rivers.
The latter has been financed through an innovative system of collecting tolls. 
These tolls have provided the funds to make the ports function more efficiently
because the government now has the finances to properly dredge the harbours,
rivers and the Martin Garcia Channel to safe depths for large ships.

Perhaps in deference to these developments, as well as the the recent creation of
Mercosur – a free trade zone developed by Argentina, Brazil, Paraguay, Uruguay
and associate members Chile and Bolivia – plans are in the making for a new trade
exhibition “Expo Marítima Mercosur”, scheduled for November of 1998. It will
spotlight the construction of the Hidrovía, the inland waterway system linking 
the Mercosur countries, and reflects the accelerated investment and interest in 
this area.

In addition, coming up this autumn, in the week of October 13th, the well-known
International Seminar on Dredging and Reclamation sponsored by the IADC, 
will be held for the first time in Buenos Aires, in cooperation with the Universidad
Nacional de La Plata and Estudio de Ingenieria Hidráulica S.A. (see page 32).
If you hurry, there may still be space available to enrol.

Marsha Cohen
Editor 
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Alan Lievens

The River Plate Experience;
Maintenance Dredging by
Means of Privatisation

Abstract

At the beginning of the 1990s the Latin American
continent needed to implement drastic solutions in
order to recover from the economic recession that had
occurred during the previous decade. Up to that
moment the transport system including ports and
harbours was managed by the public sector and it had
degenerated to a precariously low level, mainly owing
to poor management and a lack of funds. The Argentine
government then started a privatisation process which
included the port of Buenos Aires and the maintenance
dredging of its main waterways, the River Plate 
(Rio de la Plata) and the Parana River. 
For the first time in its history the Argentine government
contracted out the maintenance dredging of a vital
waterway to a private enterprise in the form of a con-
cession. It  handed over the administration of the
waterway to a private company, enabling the company
to collect tolls from the users of the waterway.
The case study of this Argentine experience demon-
strates the application of a new concept -- which is
now open to other port authorities -- of utilising the
expertise of a private enterprise as an alternative way
to raise funds needed for the maintenance dredging
required for ports and harbours.

Introduction

The 1990s will be considered a landmark for economic
reform in the Latin American continent. A key element
in this economic reform is the privatisation process that
is ongoing in most of the Latin American countries.
Public industries and services are, to a large extent,
being transferred to private enterprises. In order to
cope with the economic growth, infrastructure in 
general, the ports in particular have to be reorganised,
modernised and improved. It is generally reckoned that
in terms of ports and shipping Argentina has “traveled
further along the road” towards liberalisation than any
other country in Latin America.  

Alan Lievens graduated as a Civil
Engineer from the State University 
of Ghent, Belgium in 1975. 
He then worked for Jan De Nul NV
on various projects from the port of
Fos, Marseille, France to Iran, Mexico
and China. From 1991-1994 he was
Manager Latin Countries. 
He is presently Director of Hidrovía,
a concessionary of Jan De Nul NV in
Argentina. Alan Lievens

The first important step was taken in 1993 when the
government of President Menem decided to privatise
the so-called Puerto Nuevo of Buenos Aires. 
After fierce bidding six terminals were transferred into
private hands. These privatised terminals have been
operational since the autumn of 1994. Since then
handling and stevedoring costs in the harbour have
been reduced significantly, in some cases up to one
third of the cost as compared with when the port
operation was still in public hands. 

However the success of the privatised port could not
have taken place without a drastic improvement of the
maintenance of Argentine’s principal waterway, the
River Plate (Rio de la Plata). Indeed Argentina depends
for 70% on the exportation of its products, particularly
grain and cereals, on the waterway that consists of the
River Plate and the Parana River. It extends from Punta
Indio (km 205.3) on the River Plate up to Santa Fe 
(km 589) on the Parana River, over a distance of almost
700 km. This waterway however has a continuous
need for maintenance dredging over a majority of its
length (see Figure 1).
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THE PROBLEM

Before its privatisation in 1995, the Parana River and
River Plate waterway presented two basic problems:
– a lack of depth, and
– ill-maintained and hardly existing navigational aids.

Both of these problems are equally disastrous for safe
navigation. In the last years before privatisation the
depth of the waterway had gradually decreased from
32 feet to a mere 24 feet. Navigation by night had
become virtually impossible along certain stretches of
the river.
The Argentine government was not in a position to
cope with the maintenance of the waterway. 
The reasons for the increasing sedimentation are
various: the aging dredging fleet of the Ministry, 
the poor maintenance of the equipment, a lack of spare
parts and inefficient logistics. The general conclusion
from this state of affairs was that bureaucratic manage-
ment had resulted in an inadequate use of resources --
human, technical and financial.   
Because of the lack of depth, large vessels had to “top
up” their cargoes in other ports such as Bahia Blanca in
the South of Argentina or even in neighbouring coun-
tries such as Brazil. Consequently freight costs rose

sharply. Moreover the frequent grounding of ships
resulted in an increased cost of insurance premiums.

FINDING A SOLUTION

In 1993 the Argentine Ministry of Economy and Public
Works issued a tender for the concession of the 
dredging and signalisation of the waterway between
Punta Indio on the River Plate and Santa Fe on the
Parana River. 

The concept of this tender was totally new in the
dredging industry: a vital waterway had to be construc-
ted and maintained by a private company. However,
instead of paying the contractor for the works executed,
the completed waterway would be operated by the
successful bidder in the form of a concession for a
period of ten years. In fact the waterway, once con-
structed, would function as a toll highway, i.e. ships
sailing along the waterway would pay a toll to the
concession company. In order to render the project
economically feasible and to reduce the risk to the
concessionaire, the Argentine government agreed to
pay a subsidy of US $10 million quarterly during the
concession period.

Figure 1. Maintenance dredging on the River Plate in the foreground; shipping traffic in the background.
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Figure 2. Dredging was done in stages: this drawing of the River Plate indicates the volumes to be dredged in each stage (V1, V2, V3).

The terms of reference of the tender were quite simple:
– to dredge and maintain a 100 m wide waterway over

a length of approximately 700 km, and, 
– to refurbish the navigational aids over the entire

distance according to the international lighthouse
standards.

Works had to be carried out in three construction
phases (Figure 2):
1. During phase one the waterway had to be dredged

to a depth of 28 ft over a period of 9 months 
including the time for mobilisation.

2. During phase 2 the waterway had to be deepened
to 32 ft. The maximum execution period for this
phase was 24 months.

3. During phase 3 the waterway had to be maintained
at a depth of 32 ft. until the end of the ten year
concession period. 

The tender procedure itself consisted of two packages:
a technical and a financial proposal. 

The Technical Proposal
The technical proposal included amongst other things:
– the redesign of the waterway including a complete

signalisation system according to the international
standard (Figure 3);

– a geotechnical investigation of the materials to be
dredged and the corresponding output calculations
of the different dredges to be used during the 
project; 

– hydrographic surveys and an interpretation of the
historic hydrological data of water levels and 
frequencies;

– volume calculations during the construction stage
including sedimentation at 28 and 32 ft depths and a
forecast of the future sedimentation during the
maintenance period; and

– finally a traffic study (Figures 4 and 5) divided over
the consecutive sections of the waterway in order to
establish the level of income to be expected from
the toll.

The Financial Proposal
The financial proposal was a single figure: the amount
of the toll to be applied per net registered tonnage of a
vessel using the waterway.   
In total the Argentine Ministry of Economy and Public
Works received six proposals. After a technical evalu-
ation, three offers were retained and their financial bids
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Figure 3. Signalisation system was adapted to international standards. This drawing of the River Plate indicates the number of
signals (buoys and beacons)  per stage (S1, S2).

Figure 4. Traffic control: The river was divided into consecutive sections in order to estimate the expected toll income. 
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Figure 5. As an example, traffic control from Buenos Aires to Recalada for one ship, the Bilbao Express.

opened. The group of Jan De Nul was lowest bidder
and consequently awarded the contract. The total
estimated contract value was US$650 million with
approximately one third of this figure attributed to the
collection of the toll.

THE WORK

The work involved in the first phase included the 
deepening of the River Plate channels and the Parana
River up to Puerto San Martin (km 452) to a depth of 
28 ft and secondly the deepening of the Parana River
from Puerto San Martin (km 452) up to Santa Fe 
(km 589) to a depth of 22 ft.
In order to complete the work of the first phase by the
end of 1995 various sections of the waterway had to
be tackled simultaneously. Upon signature of the
contract three dredges of Jan De Nul were mobilised in
Argentina, one cutter suction dredge and two hopper
dredges (Figure 6). The latter took care of the sandbars
on the Parana River whilst the cutter suction dredge
dredged the Emilio Mitre channel, the classical bottle-
neck of the waterway. Two dredges of the Ministry
that were made available under the concession con-
tract, were put to work in the outer channels of the
River Plate. In order to achieve accurate and efficient
dredging along the whole stretch of the waterway, the
concessionaire installed a completely new Differential

Global Positioning System  (DGPS) system. The satellite
signal is corrected via three differential antennas installed
along the waterway, one covering the River Plate area,
the other two the River Parana area.
The progress of the works and the amount of sedimen-
tation is monitored by means of continuous hydrograph-
ic surveys which requires the use of four, sometimes
five survey vessels, with each of these covering its
own allocated section of the river.
The project also requires substantial logistic support
which is mainly provided from two sources: Buenos
Aires and Rosario (400 km up river). A fleet of tugs and
support vessels ensure the timely transport of man-
power, fuel and supplies.

The First Phase
During the first phase of the project an enormous effort
was made to bring the navigational signalisation system
up to the required international standard. From Punta
Indio to Puerto San Martin the system was completely
redesigned and  upgraded. Detailed engineering 
included simulation techniques in the laboratory of
Wageningen in Holland. There the project engineers
designed and calculated the best solution for the curves
of the Parana de las Palmas, a particularly difficult
section of the river tonegotiate and a real challenge for
Panama size vessels. In total more than 500 buoys 
and beacons had to be converted or modernised and
reinstalled.
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Figure 6. Several dredgers were used to dredge the River
Plate, including (above) the trailing suction hopper dredger
James Ensor.

Figure 7. The trailing suction hopper dredger Amerigo
Vespucci (below), has a split hull hopper.

By the end of 1995 navigation with a draught of 28 ft
and navigation by night became a new reality on the
River Parana, this just in time for the exportation of the
1996 cereal crop.

The Second Phase
The second phase which started at the beginning of
1996, included the deepening of the waterway from 
28 to 32 ft. The section between Puerto San Martin
and Santa Fe remained at 22 ft. The completion of the
navigational signalisation system included the installa-
tion of buoys and beacons in the secondary branches
of the Parana River, as well as the detection and 
signaling of existing wrecks in the River Plate estuary.

The completion period for the second phase was set at
a maximum of 24 months. Thereafter the whole system
has to be maintained during the rest of the concession
period. If everything goes well the concessionaire has
the option to extend the concession for a further period
of ten years.

THE RESULTS

Only eight months after the taking over of the conces-
sion, the concessionaire was able to reestablish the 
28 ft criteria. Equally the 32 ft criteria were achieved in
the first quarter of 1997, almost a year ahead of the
contract schedule.   

The Toll System
The key item of the project is the toll system. A reduced
toll can be applied to the entire waterway after the
completion of phase one; thereafter the full toll applies
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Figure 8. Procentual values (Ts = toll signalisation; Td = toll dredging) for the section between Recalada and San Martin for 28 feet.

once phase two is completed. The toll is calculated as a
function of the vessel’s Net Registered Tonnage (NRT),
its maximum draught and the actual depth of the 
channel (28 or 32 ft). The whole channel is divided in
sections and subsections. Ships are charged tolls
according to the sections and subsections of the water-
way that they actually use (Figures 8, 9, 10 and 11).

The total toll consists of two tariffs:
– one taking into account the dredging work, and
– the other taking into account the navigational signali-

sation. 

Cooperation
In order to implement a correct toll system, a constant
monitoring of the channel traffic is imperative and
requires close cooperation with the maritime authori-
ties. In respect to this cooperation, an agreement was
signed between the Prefectura Naval, the Naval 
Authority and the concessionaire in order to guarantee
a constant monitoring of all ship movements which
include satellite communications. The concessionaire is
responsible for collecting the toll, whilst the Naval

Prefecture has the authority to check upon payment by
the ship’s agent prior to issuing any port clearance to
the vessel.

Conclusions

The response of the shipping industry to the changes
has been quite positive. After an initial reluctance to pay
tolls for maintenance dredging and signalisation, ship
owners and terminals alike are now realising the enor-
mous benefits of the system. The figures that illustrate
the impact of the concession on transport prices are
impressive.
Before the start of the concession, the transport cost of
one tonne of cereal from Argentina to Europe was
around US$27 /tonne compared with US$16 /tonne
today.
In 1992 in total 200 ships with a length of around 150 m
were loaded at the private terminals of Rosario. Only
17 could sail with full holds representing an average
cargo of 12,000 tonnes only. In 1995 260 ships of the
same size were loaded , 120 of them with full loads

PROCENTUAL VALUES (signalisation)

From To subsection

Subsection 0.0 1.1 1.2 1.3 3.0

0.0 0.00 1.96 5.00 6.96 1.96

1.1 1.96 3.04 3.04 5.00 0.00

1.2 5.00 3.04 3.04 1.96 3.04

1.3 6.96 5.00 1.96 1.96 5.00

3.0 1.96 0.00 3.04 5.00 0.00

PROCENTUAL VALUES (dredging)

T.P. = TOLL dredging + TOLL signalisation

From To subsection

Subsection 0.0 1.1 1.2 1.3 3.0

0.0 0.00 22.88 34.52 60.78 22.28

1.1 22.88 11.64 11.64 37.91 0.00

1.2 34.52 11.64 11.64 26.26 11.64

1.3 60.78 37.91 26.26 26.26 37.91

3.0 22.28 0.00 11.64 37.91 0.00

1. Ts = US$ 0,97 x NRT x % of channel used (table signalisation)
2. Td = US$ 0,97 x NRT x % of channel used (table dredging) x Fc

Fc = correction factor for draft
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Figure 9. Procentual values  (Ts = toll signalisation; Td = toll dredging) for the section  between Recalada and San Martin for 32 feet.

representing a cargo of between 24 and 26,000 tonnes
each. 
More important even than the impact on the direct
transport cost, is the guarantee the shipper has 
nowadays that the vessel which has been chartered
will be able to sail with the draft that has been planned.
Too often in the past vessels arriving with a certain
draft had to be lightened because water levels on the
waterway were lower than expected owing to inade-
quate maintenance.

Finally it bears mention that by privatising the mainte-
nance of their principal waterway, the Argentine 
government has been able to overcome a very serious
deficiency in their exportation process. The govern-
ment lacked the funds and the equipment necessary to
re-establish the depths and safe navigation of a vital
waterway. By privatising the maintenance dredging and
implementing an innovative toll system, the Argentine
government has assured itself of the services and
efficiency of a specialist private contractor, at the same
time assuring itself of having competitive exports in the
years to come.

Figure 10. Composition of toll.
Figure 11. Correction factor for draught.

PROCENTUAL VALUES (signalisation)

From To subsection

Subsection 0.0 1.1 1.2 1.3 3.0

0.0 0.00 2.61 6.41 8.37 2.61

1.1 2.61 3.80 3.80 5.76 0.00

1.2 6.41 3.80 3.80 1.96 3.80

1.3 8.37 5.76 1.96 1.96 5.76

3.0 2.61 0.00 3.80 5.76 0.00

PROCENTUAL VALUES (dredging)

T.P. = TOLL dredging + TOLL signalisation

T.P. = TOLL dredging + TOLL signalisation

From To subsection

Subsection 0.0 1.1 1.2 1.3 3.0

0.0 0.00 44.44 61.50 100.00 44.44

1.1 44.44 17.06 17.06 55.56 0.00

1.2 61.50 17.06 17.06 38.50 17.06

1.3 100.00 55.56 38.50 38.50 55.56

3.0 44.44 0.00 17.06 55.56 0.00

1. Ts = US$ 0,97 x NRT x % of channel used (table signalisation)
2. Td = US$ 0,97 x NRT x % of channel used (table dredging) x Fc

Fc = correction factor for draft

1. Ts = US$ 0,97 x NRT x % of channel used 
(table signalisation)

2. Td = US$ 0,97 x NRT x % of channel used 
(table dredging) x Fc

Fc = correction factor for draft

Fc = (C - Cr) / Cv

Cr = Reference draft (= 15 ft)

Cv = Maximum draft of vessel

C = Cr if Cv < Cr

C = Cv if Cr < Cv < Cd

C = Cd if Cv > Cd

Cd = Design draft of the waterway
= 28 ft during Stage 1 or 32 ft during stage 2 between Recalada and San Martin
= 22 ft between San Martin and Santa Fe
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Environmental Aspects of Dredging 
Guide 3: Investigation,
Interpretation and Impact

Continuing their successful series of books on “environ-
mental aspects of dredging” the International Associa-
tion of Dredging Companies (IADC) and the Central
European Dredging Association (CEDA) have now
published the third Guide in the series entitled Investi-
gation, Interpretation, and Impact, a description of 
pre-dredging investigations for material characterisation.

The Guide has been written by Richard K. Peddicord,
PhD and Thomas M. Dillon, PhD, both formerly of EA
Global, Inc., the international subsidiary of EA Engineer-
ing, Science, and Technology, Inc. of Maryland, USA,
and at present both working as independent consul-
tants. Guide 3 discusses the subject of pre-dredging
investigations for materials characterisation to evaluate
the environmental aspects of dredging operations. 
The Editorial Board, comprising members of IADC and
CEDA have been actively involved in the development
of the concept. 

Guide 3 systematically leads the reader through a four-
step process which will result in a highly focussed,
cost-effective evaluation of the potential environmental
impacts of dredging operations. They are:
Step 1: Project planning, where the nature and scope

of pre-dredging activities are developed, includ-
ing defining the project's purpose, identifying
potential dredged material placement options,
gauging regulatory requirements and soliciting
public involvement.

Step 2: Initial evaluation, where pertinent existing
information is gathered which may lead to the
conclusion that no further pre-dredging evalu-
ation is needed. If needed, one proceeds to
Step 3.

Step 3: Field surveys, sampling and laboratory testing,
during which the physical, chemical and bio-
logical characterisations of dredged material
are established.

Step 4: Interpretation of results of the data assembled
and evaluated, with attention to reference and
background sediment information and the
spatial-temporal distributions of potential 
environmental impacts.

Guide 3 concludes with an overview of the evaluation
of dredging operations from an environmental perspec-
tive. Pre-dredging activities are placed in the context of
the total dredging continuum and the potential use of

environmental risk assessment is considered. The book
is aimed at anyone involved in the start-up phase of a
dredging operation and should be consulted before
beginning such projects.

Other Books in the Series

Although Guide 3 is written as a stand-alone document,
it is best used in conjunction with the other Guides in
the series. Other books in the series already available
are: 
Guide 1: Players, Processes and Perspectives written
by Jan Bouwman and Hans Noppen of AVECO bv and
Guide 2: Conventions, Codes and Conditions; Marine
Disposal and Land Disposal written by Neville Burt 
and Caroline Fletcher of HR Wallingford. Guide 4 on
Dredging Processes and Transport Techniques is
expected to be published at the beginning of 1998.

All books in the series may be ordered from the IADC
Secretariat in The Hague. Guide 3: Investigation,
Interpretation and Impact (68 pp. Illus. NLG 30.00) 
is available now.

E N V I R O N M E N T A L  A S P E C T S  O F  D R E D G I N G

3

Investigation,
Interpretation
and Impact
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Abstract 

The Upper Rio de la Plata forms the corridor for the
passage of ships from and to the Rio Parana and 
Rio Uruguay. These two rivers are used to reach the
large upstream Argentine harbours used for exporting
grain and importing all kinds of goods. The Rio Parana
also provides a connection with Paraguay and Bolivia.
There are two access channels to the Rio Parana: 
One is an artificial navigation route, the Canal Mitre; the
other is a natural access route, following the Uruguayan
coast and running through the Martin Garcia Channel.
This area is known as Sistema Fluvial del Norte, and
carries the major part of the water volume of the
Parana River. 
The Martin Garcia access route goes from the mouth
of the Rio Uruguay and via the Delta of the Parana
River through the Parana Guazu and Parana Bravo. 
This route is used by the larger PANAMAX and Cape
Size Vessels in order to avoid the difficult navigation in
the winding Parana de las Palmas.
In Phase 1 of the project the channel will be deepened
to 32 ft and widened to approximately 100 m, in order
to give access to the larger bulk carriers with increased
loading capacity compared to what is presently possi-
ble at draughts of 24 or 25 ft.
In Phase 2, the channel will be maintained, a buoyage
system put in place and a toll collection system imple-
mented for a period of eight years.
This article describes the design and execution, includ-
ing the tendering process of the dredging project in the
Martin Garcia Channel.

Introduction

The large grain exporting harbours of Argentina are
situated on the Parana River, about 300 km upstream
from the mouth of the Rio de la Plata. The Rio de la Plata
can be described as shallow inland sea with natural
depths between 1 and 6 m. The distance from the
mouth of the Parana to the deep ocean waters is
approximately 250 km; the Rio de la Plata has a width
of 40 km on the upstream side near Buenos Aires, 
and of about 200 km downstream, where it joins the
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ocean at the level of Montevideo. Both, the Rio Parana
and the Rio Uruguay, flow into the Rio de la Plata.

There are actually two access channels to reach the
upstream harbours along the Rio Parana (Figure 1),
both of which until recently had water depths of only
6.00 to 8.00 m:
There is an artificial navigation route, situated in
Argentine waters, dredged through the shallow Playa
Honda. This channel, the Canal Mitre, gives access to
the winding Parana de las Palmas, and is subject to
very heavy siltation. The deepening and maintenance
of this waterway are carried out by the Hydrovía Group,
comprised of Jan De Nul and the Argentine EMEPA.

The alternative route is The Martin Garcia Channel. It is
a natural waterway starting at Km 37 of the entrance
channel to Buenos Aires. In the vicinity of the city
Colonia del Sacramento, the channel turns and follows
the coast of Uruguay running through the mouth of the
Rio Uruguay, and via the Delta of the Parana River
through the Parana Guazu and Parana Bravo. This area
is known as Sistema Fluvial del Norte, and the major
part of the water volume of the Parana flows through
this route. The route is used by the larger PANAMAX
and Cape Size Vessels in order to avoid the difficult
navigation in the winding Parana de las Palmas. 
The project involving this waterway is being carried out
by the Riovia group, formed by Dredging International
N.V. and its Italian subsidiary SIDRA, together with the
Dutch contractors Boskalis International B.V., HAM and
Ballast Nedam Dredging, the Argentine Dyopsa and
Pentamar, and the American Great Lakes.

THE CHANNEL PROJECT

The total length of the Martin Garcia Channel is 106 km
of which 76 km has to be dredged; the remaining part
has sufficient natural depth.
The employer for the Martin Garcia Project is a 
bi-national Argentine-Uruguayan organisation, the
Comision Administradora del Rio de la Plata (CARP).
The engineering group controlling the execution of the
works comprises four consultants: the Argentines EIH
and CEOPYD, Coopers & Lybrand, and the Belgian
bureau of Engineers Haecon.

OBJECTIVES OF THE PROJECT

Owing to increased shipping and the need for a more
efficient transport of bulk goods, there is a need to use
larger ships which have the possibility of carrying more
load. This requires wider and deeper channels.
The Rio Parana, besides connecting to the Argentine
grain harbours, also provides a connection with 
Paraguay and Bolivia. Furthermore, the Martin Garcia
Channel offers a rapid connection with the harbour of

Nueva Palmira, located in Uruguay. At this moment
loaded ships can only reach this harbour via a detour.
All existing channels to and from the Rio Parana are
one-way channels.
The objective of the project involves the design of a
navigation route of 32 ft depth for vessels of 245 m
length and 32 m beam, for one directional traffic.
The deepening of the channal to 32 ft and widening to
approximately 100 m will give access to larger bulk
carriers with increased loading capacity compared to
what is presently possible at drafts of only 24 or 25 ft.
Furthermore, the creation of a second access route will
decrease waiting time during periods of high traffic, 
and thus decrease waiting time overall considerably
(Figure 1).

“Phase 1”, the capital dredging phase, which has to be
completed in two years, consists of: 
– the dredging works for the opening of the channel at

the designed dimensions;
– the installation of buoys and beacons;
– the establishment of a toll system.

Figure 1. Map of the Rio de la Plata area indicating Martin
Garcia Channel, the Rio Parana and Rio Uruguay.



“Phase 2”, which is a concession period of eight years,
involves :
– the maintenance dredging of the channel at the

designed dimensions;
– the maintenance of the buoys;
– the administration and exploitation of the toll system.

The tolls are to be collected by the contractor, but must
be transferred to the authorities. The amounts of toll
collected will be deducted from the payments due by
the authorities to the contractor. Thus, regardless of
the navigation activity there is no risk to the contractor.
Payments are done by lump sums, in US$, which are
subject to a revision, based on an American Consumer
Price Index.

“DBOT”

This type of “Design-Build-Operate-Transfer” contract
is rather unusual for a dredging contractor: it involves
many uncertainties and many risks. The first problem
arises at the tender stage: the channel has to be
dredged as inexpensively as possible, and thus, should
have minimum dimensions. On the other hand, it has to
be technically viable and satisfactory to the navigators,
even more so, because to a large extent the contractor
stays responsible for the exploitation of the channel
during Phase 2.

Preparing the offer is made even more difficult by the
complicated tender procedure. Whilst establishing the
design, a number of factors have an important impact
on obtaining the most economic price:
– What width should be taken?
– What should be the localisation of the channel?

Should bends be cut off? Should certain zones be
avoided because of the hard subsoils? Should future
deepenings be taken into account? Should possible
accesses to existing harbours be taken into account? 

– Which slopes are considered acceptable? 
– Owing to the fact that the channel has to be

designed for a one direction traffic, cross sections
have to be foreseen. 

– Which overdepths have to be provided for? 
What buffer should be provided for the sedimen-
tation?

– At what distance should the dumping areas be
foreseen? Navigation and pumping distances are of
a major importance in the economy of a dredging
design. On the other hand, the soils should not flow
back, as this would be at the contractor’s cost, the
contractor being in charge of the maintenance at a
lump sum rate.

Another important uncertainty is the sedimentation.
The contractor is responsible for the maintenance
during a period of eight years. Their retribution consists
of a fixed amount and no reliable information was

available in respect of the behaviour of the channel
after being deepened to 32 ft. 
And, “last but not least”, how will the economy evolve
over the next 10 years?

PROCEEDING WITH THE PROJECT

During the tender process in 1994, several field and
engineering studies were conducted to determine the
channel design, the dredging quantity, the type of
material to be dredged, the selection of the dredging
method and the disposal areas, and the annual sedi-
mentation rate.
From July through October 1996 when the definitive
Project Plan was drawn up, all available studies were
deepened and detailed where necessary. Also an
environmental impact study and a dredging spoil
spreading study were added.

The design of the channel consisted of the following
tasks:
1. Determining the parameters: 

– on the one hand, by examining existing infor-
mation and statistics and executing a number of
field studies; and 

– on the other hand, by studying the currents and
water levels by means of hydro-dynamic models.

2. Based on this information, the location of the
channel was fixed and the dimensions were
calculated.

3. Subsequently, an estimation was made of the sedi-
mentation to be expected.

4. A further task consisted in the selection of the
dumping areas.

5. Finally, the execution method was determined and
the selling price calculated.

Statistical information
The water levels are referred to a reference line having
a denivelation of approx. 90 cm between both ends of
the work. The water level is mainly influenced by the
following three factors : 
– the astronomic tides, causing a variation of approx.

30 cm only; 
– the winds, which are the most important factors: the

Pamperos, blowing from the SW, and the northern
winds can cause decreases of the water level of up
to 1 m below the reference level; the Sudestadas
from the SE increase the levels, in extreme cases,
up to 2 to 3 m above the reference level;

– the flow of the rivers.

The average water level is approx. 0.80 m above the
reference level. Extreme levels vary from -1.00 to
+4.00 m. The N and SW winds cause a significant
decrease 10 to 20 times a year, the SE winds an 
increase, 5 to 8 times a year.
Generally, winds have a speed of less than 40 km/hr.
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Table I. Soil type and percentage of total volume

Soil type % of total volume

1 very soft clayey silt, low plasticity 60 
2 very soft clay, high plasticity 17
3 firm to stiff clay, variable plasticity 13
4 silty sand in various 

conditions of compactness 9 
5 weathered rock 1

3. Finally, tide meters have been installed in order to
get a better view of the water level variations.

Hydro-dynamic model
Furthermore, a hydro-dynamic model has been set up
for studying the currents and water levels, with the
assistance of the Danish Hydraulic Institute (DHI). 
Six different conditions have been studied, under
extreme winds, combined with average or high flow of
the rivers, characteristic of the Rio de la Plata area.
These were selected within existing data from periods
in 1984 and 1993.

For this study the model MIKE 21 HD has been used.
This is a two-dimensional one-layer model used to
calculate the circulation of an area for specified hydro-
graphic conditions. 

Two different models were used: a general model and
a regional model with grids of 1000 m and 200 m
respectively:
The general grid covers the whole Rio de la Plata with a
southern border formed by a straight line from Mar de
Ajó (Argentina) to La Paloma (Uruguay). 
The regional model covers the area of interest which is
the northern part of the Upper Rio de la Plata.

Channel design
The design of the channel was based on the following
criteria.
– the PIANC recommendations, according to Bulletins

35 and 87, which provide guidelines for approach
channel design, as had been specified in the tender
documents were followed;

– the experience on the Rio de la Plata was examined;
– after calculation of the dimensions, the most critical

sections have been tested at the Maritime Simula-
tion Centre in Wageningen, The Netherlands.

The concept design has been tested by using a compu-
ter model which simulates the manoeuvring behaviour
of the design ship.

Location
The location of the channel has been fixed on basis of
the bathymetry. There were two options:
– on the one hand, the “old” Canal de Buenos Aires,

Currents are rather moderate, from SE direction, and
less than 1 knot. The waves are short with significant
heights, for 35% above 50 cm. They however have no
influence on the “design ship”.

The flow of the rivers is very variable: the average 
for the Parana is 17,000 m3/sec, but can rise up to
38,000 m3/sec. The average sedimentation transport is
2.55 t/sec and is estimated to 71 million tonnes per year.
At least once every 20 to 25 years, very large floods
occur and cause exceptionally high sedimentation.

Field studies
In view of collecting additional information, a number of
field studies have been executed, prior to the tender
and during the design period:

1. A complete bathymetry of the zone, in August 1994
at tender stage, and in September/October 1996
after the award. During the elaboration of the design,
the survey was carried out by sailing lines every 
200 m perpendicular to the channel.
The results of the bathymetric survey indicated an
exisiting channel with a minimum depth of -6 m
below reference level and, at some parts of the
channel, a minimum width of approx. 60 m.
A certain section of the channel, with a total length
of 14 km passes through a bank with a natural 
depth of -3 to -4 m below reference level. 
This channel section is called Barra de San Pedro/
Paso de San Juan.

2. Some twenty borings and taking of soil samples
with piston samplers. Where hard materials were
indicated extra borings were taken. Prior to the
tender, those studies have been complemented by
the execution of a geo-electric survey of 75% of the
channel alignment. The results of this investigation
showed a very variable geological profile with
roughly five types of soils, summarised in Table I 
in relation to the total volume to be dredged: 
– the downstream part, near the junction with the

Access Channel to Buenos Aires, consistsof very
soft clay with high plasticity. Considering the
existing depths and the type of soil, a hopper
dredger is most appropriate for this zone.

– the soil in the channel passage through the Barra
de San Pedro/Paso de San Juan consists of a top
layer of silt on top of very soft marine clay with
high plasticity.

– the upstream part, closer to the Uruguayan coast,
consists mainly of compact clay, sand and gravel.
More upstream a number of hard spots were
detected, mainly in the prolongation of existing
capes. These soils consist mostly of weathered
rock. Other material consists either of silty sand or
of firm to stiff clay, with a shear strength between
75 and 150 kPa. This clay contains some shells
and pieces of calcareous material.
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which cuts partly through the east edge of Playa
Honda; 

– on the other hand the Martin Garcia, which is closer
to the Uruguayan coast, has more natural depths,
with however more risks of rocky bottoms. 
This latter solution was chosen as in view of the
future, considering the steady extension south and
eastwards of the Playa Honda, the permanency of
the Canal de Buenos Aires was judged too question-
able and its maintenance involved a potential in-
crease of dredging volumes. 

The main objective was to follow the existing route as
much a possible with only a few minor modifications
being made to the existing channel (Figure 1). 
Therefore the channel has a total amount of 20 curves. 

Dimensions
The dimensions have been defined on base of the
PIANC recommendations:
– For the design, a navigation speed of 7 knots was

considered. The depth/draft relation was taken as
1.10, considering that the waves have no influence
on the design vessel.

– Furthermore, the channel has been divided into 3
sections, depending on the characteristics of wind,
stream and slopes. Table II shows that dimensions
of 90 and 100 m had to be adopted, for a one-way
navigation scheme.

Slopes
At the first stage the slopes are dredged taking into
account the static stability of the respective soils.
Depending on the type of soil, slopes of 1/8 or 1/4 have
been calculated. The slopes are dredged following the
classical “boxcut-method”.
It has been accepted that, in further stage, under the
influence of the erosion caused by passing ships, and
by the winds, waves and so on, the slopes would
evolve to a much softer ratio which is very difficult to
estimate. Depending on the type of soil, slopes of 1/20,
1/12 or 1/8 were considered.
This phenomenon will be left to its natural evolution; 
it was assumed that it would take approx. 5 years, 
to reach the final stable configuration. For the estimate
it was considered that 30% would occur during Phase 1.
The volume of the evolution, between Phase 1 and
Phase 2 amounts to approx. 6 million m3. As this evolu-
tion will take place by natural erosion and sliding, the
volume will be dredged by a trailer when the necessity
arises, by cleaning up at the toe of the slopes. This
dredging is part of the maintenance phase (Phase 2).

Bends
The dimensions of the bends have been calculated in
accordance with the PIANC recommendations whilst
still taking into account that navigators prefer to shorten
as much as possible the time needed to sail in a bend,
in view of the visibility of successive buoys and beacons.

At straight sections the maximum distance between 
a pair of buoys will be 2.7 km. In curves this will be
reduced to 1 km. For marking curve sections the curves
are divided into strong and weak curves. Figures 2 and
3 show the layouts of the buoys in the two types of
curves. 
In the section where the channel is enclosed by lateral
banks the navigation route is marked by two opposed
buoys, each positioned 30 m out of the toe line of the
channel bottom.

Verification
Once the dimensions had been defined, the results
found for the most critical sections were tested at the
Maritime Simulation Centre, under the most disadvan-
tageous ESE and SW winds.
At first, a number of tests have been executed in
“reduced time scale”, examining more specifically the
following factors: the navigation path covered by the
vessel, the accuracy of the positioning, the navigation
errors, the waves, the safe distance from the banks,
the negative influence of the reduced keel clearance.
From these tests it appeared that, owing to cross-
currents, it was recommended to increase the width
from 100 to 110 m over a section of approx. 10 km.
As a final test, 14 runs have been made in the simulator
in “real time”. 
The assistance was requested of a pilot, familiar with
the navigation conditions in the Rio de la Plata. These
tests were conclusive and proved that the adopted
dimensions were safe.

Sedimentation
An essential element for the calculating of the cost price
is the sedimentation. The sedimentation estimates,
using a mathematical model were performed by subdi-
viding the channel into sections with similar geometrical
and hydrodynamic conditions. Sections were defined
based on the turning points in the channel and subdi-
viding the distance between turning points in two or
three sections when necessary. 

Statistics of executed dredging works
Between 1988 and 1996 no dredging was carried out
in the Martin Garcia Channel. Therefore the above-
mentioned model was calibrated, in its early implemen-
tation stage, with survey data from 1988 and 1996 in
order to verify that it adequately reproduced historical
data, in order to ensure a smaller margin of uncertainty
when applied to future situations. It was also discover-
ed that the volumes doubled in periods of inundation.
A large percentage of the sedimentation is concentra-
ted in the downstream section in the Canal Farallon.
This channel leads straight through the Rio de la Plata,
near the Playa Honda, across the prevailing currents. 
In this respect, a direct connection in the direction of
the harbour of La Plata, more parallel with the currents,
would be a better solution. The specifications, how-
ever, provided Km 37 of the Canal Intermedio, as the
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Table II. Determination of Channel Width

Sections 1 Km 34.5 - 049 Length : 14.5 Km 7.83 MN

2 Km 49 - 061.5 Length : 12.5 Km 6.75 MN

3 Km 61.5 - 110 Length : 48.5 Km 26.19 MN

Total length : 75.5 Km 40.77 MN

Km 37.8  from Buenos Aires Access Channel Buoys 

Intensity of currents

Sections Section 1 Section 2 Section 3

Periods 1 2 4 1 2 4 1 2 4

Parameters

Longitudinal currents m/sec 0.14 0.17 0.16 0.32 0.35 0.35 0.65 0.73 0.74

Cross currents m/sec 0.21 0.24 0.23 0.12 0.12 0.14 0.07 0.07 0.08

Width of channel according to Supplement to PIANC Bulletin 87

Type of channel : outer

Ship velocity : 7 Kn (slow)

H/T : 1.1

PARAMETERS COEFFICENTS

Section 1 Section 2 Section 3 Section 1  Section 2  Section 3

m/sec Kn m/sec Kn m/sec Kn

Table 1

Maneouvrability good 1.3 1.3 1.3

Table 2

a) additional straight sections slow velocity 0 0 0

b) wind 15 29 15 29 15 29 0.5 0.5 0.5

c) cross currents 0.24 0.47 0.14 0.27 0.06 0.16 0.3 0.30

d) longitudinal currents 0.17 0.33 0.36 0.7 0.74 1.44 0 0 0

e) wave H < 1,0 m 0 0 0

f) helps/support good 0.1 0.1 0.1

g) bottom soft and smooth 0.1 0.1 0.1

h) depth < 1,25 T 0.2 0.2 0.2

I) risk low 0 0 0

Table 4

Side slopes slow velocity 0.3 0.3 0.3 0.6 0.6 0.6

Sum of coefficients 3.1 3.1 2.8

Width of channel Beam (m) : 32

Sections 1 99.2 (m) Adopted 100 (m)

2 99.2 (m) Adopted 100 (m)

3 89.6 (m) Adopted 90 (m)



downstream end of the channel, this in view of the
connection with the Port of Buenos Aires.
A second source of information was gathered from
previous studies. From the eight documents consulted,
it appeared that the sedimentation was estimated
between 2.5 and 11 million m3 a year. A comparison of
consecutive bathymetric surveys did not permit any
conclusive results.
On the basis of a mathematical model, calibrated with
the results of the hydro-dynamic model of DHI, it was
predicted that the sedimentation would be of 
2.9 million m3 per year with the initial slopes and of 
3.5 million m3 per year with the final slopes.

As a last exercise the probability of exceptional water
levels was investigated. This led to the conclusion that,
for the considered period of 10 years, the probability
was 22% for a sedimentation of 6.6 million m3 per year
and 65% for a sedimentation of 5.2 million m3 per year. 

The sedimentation volume will not be evenly spread
over the channel:
From the junction with the Canal de Buenos Aires to
the curve near Colonia del Sacramento 74% of the total
volume will be deposited over a total length of 27 km.
In the Barra de San Pedro/Paso de San Juan area, 
13% of the total volume will be deposited over a total
length of 14 km.
Consequently also 13% of the total will settle in the
upstream part (34 km) .
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Figure 2. Left, Principal aids to navigation solutions for the
weak curves.
Figure 3. Right, Principal aids to navigation solutions for the
sharp curves. Figure 4. The sea-going cutter suction dredger Amazone at

work in the Rio de la Plata.



will cause no problems as to the maintenance of the
channel. For conservative reasons however, distances
of 1000 to 1500 m had been proposed.

The employer however requested to increase the
dumping distances to approx. 3000 m. 
Presently, a monitoring programme is in progress in
order to follow closely the behaviour of the dumped
material. If the exactitude of the studies is confirmed,
the dumping distance will be shortened to more 
economic values, as a function of the results of 
the measurements and in agreement with the
employer.

Method of work
The Martin Garcia contract was signed in July 1996 and
the design study was finalised in October 1996.

Selection of dumping areas
The localisation of the dumping areas is determining for
the economy of the dredging operation, as well for the
capital as for the maintenance dredging. The following
factors have been taken into consideration:
– the dumped material should not flow back to the

dredged channel;
– the dumping area has to be deep enough to give

access to the hopper dredgers; 
– the sea-bottom may only be undeepened with a

limited layer;
– in the case of cutters, the pumping distance has to

be as short as possible;
– the velocity and direction of the currents have an

important influence;
– the hopper dredger dumps at a minimum depth of 

6 to 7 m;
– the cutter suction dredger pumps the material

through a sinker and a floating pipeline, connected to
a spreader pontoon.

The following matters have been investigated:
– the “plume” of sediments caused whilst dumping at

sea: From previous experiments, it appeared that the
plume only contains a small part of the material and
a study  led to the conclusion that only 3% of the
quantity reached a distance of 500 m.

– the dumped “pancake”: this does not cause any
problem on condition, however, that the dumping is
done at 1000 m off the channel.

– the risk of resuspension of the dumped material
under influence of waves and winds, has been
investigated.

From these studies, it could be concluded that dump-
ing distances of 600 to 700 m are sufficiently safe and
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Figure 5. The HAM 311, a shallow draught trailing suction hopper dredger, is dredging the downstream area.

Figure 6. For the maintenance dredging (Phase 2), a small
trailing hopper suction dredger, the Flevo, with a capacity of
2100 m3 is scheduled to be used.



Approval of the design took place at the end of the
year. The dredging works were started on 19 January
1997. The total quantity to be dredged amounts to 
38 million m3 capital dredging, plus 6 million m3 main-
tenance dredging during Phase 1. The volume to be
dredged during Phase 2, the maintenance dredging, 
is estimated to fluctuate between 6 and 3.5 million m3

per year.
For the execution of Phase 1 two types of dredging
equipment are being used: the 9980 kW-powered 
sea-going cutter suction dredger Amazone, and the
3,500 m3 trailing hopper suction dredger HAM 311. 

The dredging of the upstream part is being executed by
the Amazone (Figure 4). The dredged material consists
of compact, ball-forming clay, fine sand, gravel and
partly of weathered rock. 
The material is discharged at a distance of 1000 to
1500 m from the channel, through a 800 m floating
pipeline and a 1000 m sinker line, coupled to a second
floating pipe of approx. 250 m. 
In the dumping zone the material is dispersed by
means of a spreader pontoon.
Productions, obtained in a pipe of 900 mm diameter,
have reached up to 3000 to 4800 m3 per hour, when
the layers to be dredged are sufficiently thick. 
About 1000 m of channel is dredged per week.
Productions amount from 300,000 up to 600,000 m3

week, depending on the layer to be dredged.
The Amazone dredges a 49 km long section of approx.
100 m width and up to 6 m thick; an overdepth of 
0.50 to 1.00 m is dredged.

The shallow-draught dredger, HAM 311 (Figure 5) is
operating in the downstream part of the channel,
where depths seldom exceed 7 m. The material
consists of silt, soft clay and moderately compacted
plastic clay. The soils are dumped at a distance of 2500
to 3000 m from the channel, at depths of 5 to 6 m. 
The hopper dredger obtains productions of 140,000 to
210,000 m3 per week. The plastic clay is difficult to be
dredged and tracks are formed in the dredged channels.
The draghead is however equipped with “side jets”,
which efficiently remove these peaks.

Phase 1 (capital dredging) should be completed by the
end of 1998.
During Phase 2, the maintenance dredging, a small
trailing hopper suction dredger such as the Flevo
(Figure 6) or the Saga with a capacity of ±2000 m3 is
planned to do the work.

TENDER PROCEDURE

Finally, a few words in respect of the very complicated
tender procedure. 
In a first stage, prequalification is called in order to
select qualified dredging contractors. The tender

procedure itself is organised according the so-called
“double envelope” system, with a separated technical
and financial-economic offer. The technical offers are
opened first, publicly, and studied; only after approval of
the technical offers, can the financial offers be opened
publicly.
After public opening of the technical offers; they are
available for examination and criticism by all competing
parties. Each technical offer has to contain a detailed
description of the proposed design, of the complete
methodology, of the references of the concerned party,
of the organisation and so on. The criticisms and obser-
vations of those documents can be submitted by all
participating competitors to the tendering Authority,
with a request to disqualify the considered parties.

In case these requests are rejected by the tendering
Authority, an appeal can be made; this appeal is to be
submitted jointly with a bank guarantee of US$100,000.
After termination of this procedure, parties are qualified
for the public opening of the second envelope: the price.
The second envelope, the price, is subject to the same
procedures as the technical offer and again, the tender-
ing Authority has to investigate, in two stages if so
requested, the critics of the competing parties in
respect of their competitors. Only at the end of this
procedure, the project is awarded. However, if some
competitors still do not agree with this final decision,
they can request for arbitration.
For the Martin Garcia Project, the dredging companies
have passed through this whole procedure, which has
been very time-consuming and extremely expensive,
as well for the competing contractors as for the Au-
thority. The documents were published in June 1994. 
The contract only could be awarded in February 1996
and was signed in July 1996. The arbitration finally
ended in a conciliation, whereby disputing parties
joined to form one large joint venture of seven parties.

Conclusion

Although this type of “Design-Build-Operate-Transfer”
contract is rather unusual for a dredging contractor, 
the project is now underway and seems to be making
good progress. Because the waterway had not been
dredged in many years, a great deal of field studies,
computer models and mathematical models were
performed to predict sedimentation for channel con-
ditions. The sedimentation predictions are particularly
important because the maintenance concession contin-
ues for a period of eight years in which the contractor
bears a responsibility for the exploitation of the channel.
The dredging of the Martin Garcia Channel will widen
and deepen the water access to the grain harbours of
Argentina, and beyond to Paraguay and Bolivia, making
the channel more accessible to deep draught ships. 
To this end it will contribute to the improvement of the
economic development of this area of South America.
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Joris Van Mieghem, Jos Smits and Marc Sas

Large-scale Dewatering
of Fine-grained 
Dredged Material
Abstract

The disposal of fine-grained material from maintenance
dredging activities is an increasing problem for most
industrialised areas. Rapid dewatering of dredged
material is a major item to optimise the use of the
available storage volume. This article describes the
large-scale pilot tests for the treatment and storage of
the dredged material as well as the monitoring and
experimental tests such as settlement columns and
mathematical consolidation tests.
The laboratory experiments discussed here were
carried out at the Catholic University (Katholieke
Universiteit) Leuven, Belgium by Lut Van den Bosch
and Heidi Huysentruyt. Some of this work has been
undertaken as part of the MAST-2 G8 Coastal Morpho-
dynamics Programme, funded partly by the Commission
of European Communities, Directorate General for
Science, Research and Development, under contract
MAS2 CT92-0027. The pilot project was realised by a
joint venture of Dredging International NV, Onder-
nemingen J. De Nul NV and Baggerwerken De Cloedt
& Zoon NV on behalf of the Flemish Government,
Department of Environment and Infrastructure
(DOLSO).
This paper was originally presented at the EADA
Conference in Ho Chi Minh City, Vietnam in April 1997,
and was published as part of the Proceedings. It is
reprinted here in a slightly different form with permis-
sion. The authors wish to thank Guido Coolens for the
use of his photographs.  

Introduction

The disposal of fine-grained dredged material from the
maritime navigation channels becomes increasingly
difficult and necessitates authorities to take a global
approach. Such an approach is outlined in a companion
paper (Smits et al., 1997) dealing with the optimisation
of dredging and disposal equipment for fine-grained
sediments and the beneficial use of dredged material.  
Because in most industrialised areas only limited sur-
faces and volumes can be made available for the

Large-scale Dewatering of Fine-grained Dredged Material

21

Joris van Mieghem graduated in 1971
with a MSc in Civil Engineering from
the University of Ghent, Belgium.
Since then he has worked in the
Flemish Ministry of Infrastructure
where he is presently Chief Engineer-
Director of the department Sea
Scheldt. He is responsible for dredging
and reclamation works on the Left
Bank harbour extension of Antwerp.

Joris Van Mieghem

Jos Smits graduated in 1977 with a
MSc in Civil Engineering from the
University of Leuven, Belgium. 
Since 1995 he is General Manager of
International Marine & Dredging
Consultants NV. Jos Smits is also
board member of CEDA Belgium.

Jos Smits

Marc Sas graduated in 1979 with a
MSc in Civil Engineering from the
University of Leuven, Belgium. 
After six years as research engineer at
the University of Leuven he joined
IMDC as a morphological expert.
Since 1995 he is manager of the depart-
ment “Dredging and Morphology” of
IMDC.

Marc Sas



storage of dredged material it is very important that
these volumes will be used as efficiently as possible.
Especially for fine-grained material it is important that
the material is stored with a low water content, for the
following reasons:
– to reduce the volume; and
– to improve the geotechnical characteristics of the

disposal site.

In order to attain these goals a large-scale testing and
study programme has been executed in Belgium since
1990. This programme aimed to increase the natural
settling and consolidation phenomena as much as
possible in specially designed dewatering fields until a
stable clay-like material has been obtained which can
be used for beneficial applications such as landscape
projects.
In order to optimise the compaction of dredged mate-
rial, a good understanding of its consolidation behaviour
is necessary.
This paper focusses on the in-situ and laboratory con-
solidation measurements used to evaluate a different
drainage system for prototype dewatering fields with a
surface of approximately 25 ha. Because the deposition
and consolidation process in the field occurs essentially
in the vertical direction, these processes in the
sediment-water mixture have been modelled under
one-dimensional conditions in the laboratory. 
This involves laboratory tests under controlled
conditions where measurements can be carried out
without disturbing the weak soil structure. Computer
models are required to extrapolate the laboratory
experiments and to predict the field situation. 
Several parameters influence the consolidation beha-
viour: temperature, light, initial concentrations and
thickness, filling rate, sediment composition (particle

size fractions, organic matter), ions in the pore water
(e.g. dissolved salt) and meteorological conditions.
There is also a significant difference in the consolidation
behaviour in underwater disposal sites and disposal on
land, because the initial density under water is reduced
owing to mixing with water, which allows the coarser
material to segregate.

DEWATERING FIELDS: 
IN-SITU CONSOLIDATION

A pilot plant for the dewatering of fine-grained dredged
material was installed on the Left Bank harbour area of
Antwerp, consisting of five dewatering fields of
approximately 4.5 ha each (Figure 1). The dewatering
fields were filled in successive layers with dredged
material from the river Scheldt (between 11/04 and
29/06/1990): approximately 286,000 m3 equivalent to
157,000 tonne dry solids (TDS) were dredged with a
small cutter dredger. The dredging procedure was as
follows:
1. filling the basin without evacuation of the process

water; 
2. initial settlement of dredged material; 
3. withdrawing the surface water from the field;
4. refill the basin with an extra amount of material;
5. repeat step (2). 

Detailed filling characteristics are listed in Table I. 
A general view of the silt level variations in a dewater-
ing field is given on Figure 2. Further details are given
by Van Mieghem et al. (1991). In each field a different
combination of drainage and surface dewatering
systems has been applied to enhance the natural
consolidation process (Table II and Figure 3).
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Figure 1. Layout of the dewatering fields.



A monitoring programme was set up to evaluate the
behaviour of the consolidating material and to identify
the physical characteristics of the material in the bor-
row area by means of eight corings, vane-tests and an
accompanying laboratory investigations .

Geo-technical characteristics 
The average geo-technical characteristics of the mate-
rial in the borrow area are:
– in situ density: rn = 1.34 t/m3

– water content: w = 149 %
– specific weight 

of the grains: rs = 2.695 t/m3

– organic matter: 8.6 %
– void ratio: e = 4.05
– grain size distribution:

d50 = 7Mm
sand (d> 63Mm) : 3.3%
silt (63Mm >d> 2Mm) : 64.9%
clay (d< 2Mm) : 31.5%

Consolidation process
A continuous follow-up of the silt in the dewatering
fields was executed during the consolidation process
including the following items: 
– regular control of water of the silt level in the dewa-

tering fields;
– periodic detailed campaigns of in-situ density mea-

surements during the first four months;
– periodic measurements of the in-situ shear strength

during eight months;
– periodic inspection of the fields; and
– chemical analysis of the silt.
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Table I. Filling characteristics in the fields

Field nr. Surface # of fill Total height Height after settlement [m] 
[m2] operations [m]

L1 42.612 7 4.0 1.64
L2 42.612 6 3.6 1.75
L3 40.216 6 4.8 2.09
L4 64.056 6 4.0 1.93
L5 44.160 7 4.0 1.74

Table II. Applied drainage techniques in dewatering fields

Field nr. Underdrainage Evaporation enhancement 

L1 gravitational no
L2 drains and vacuum vegetation (after 3 months)
L3 no vegetation (after 3 months)
L4 no amphirol and discuswheel (after 4 months)
L5 gravitational amphirol and discuswheel (after 4 months)

THICKNESS SILT LAYER (M)
2.5

2

.5

1

0
0 20 40 60 80 100 120 140 160 180 200

1.5

DAYS

F I L L I N G  P E R I O D CONSOLIDATION PERIOD

Figure 2. Layer thickness in a dewatering field.

Figure 3. Surface drainage: creation of a ring ditch.



Boundary conditions
A follow-up of the boundary conditions was conducted:
– a self-registering meteo station (rain, wind, tem-

perature, sunshine, and so on, are continuously
registered); and

– daily control of the groundwater levels around the
dewatering fields.

Furthermore the physico-chemical characteristics of the
material as well as the geo-hydrological behaviour of
the test site have been measured during the prepara-
tory phase of the project and monitored throughout the
pilot test execution (IMDC, 1992).

RESULTS OF THE CONSOLIDATION

MONITORING

The consolidation of the material in the deposit was
monitored daily during the dredging operations and
afterwards on a weekly basis. The results (Table III)
illustrate the quicker consolidation in fields L1, L2 and
L5 where underdrainage techniques were applied:
During the first four months the thickness in the
drained fields was reduced with 35%, whereas 
the reduction was limited to 25% in the undrained
fields.

Using the results of the density profiles combined with
the evolution of the mud thickness, the total amount of
dry solids in the fields was checked for each survey,
resulting on average in 155,000 TDS to be compared to
the estimated initial dredged quantity of 157.000 TDS.
The variation of the average density in the fields is
shown inTable IV and Figure 4.

After four months mechanical techniques were applied
to further enhance the dewatering process. First an
amphirol was deployed with poor results. Later ditches
were dug with traditional earth-moving equipment to
generate horizontal pressure gradients which enhance
the drainage. The improvement of the evaporation by
vegetation was obtained by sawing a mixture of grass
species in fields L2 and L3. This operation was done after
three months of consolidation (beginning of autumn).
During the first (winter) months the effect was limited
but in spring, owing to the natural plant growth on the
consolidating mud, the vegetation improved drastically.

The consolidation tests in the pilot fields were finalised
in approximately one year, but owing to difficulties in
obtaining the necessary permits and credits the consol-
idated material remained in the testfield for a period of
approximately three years. Once the permits were
acquired, the consolidated mud was used for a large-
scale landscaping test to create green buffer hills
between the industrial port area and the agricultural
area in the surroundings (see Figure 5). The in-situ
density of the mud had further increased by self-weight
consolidation to an average value of 1.48 t/m3, with
small differences between the different fields. Over the
total height of 0.82 m, the density increased gradually
with 0.14 t/m3. In the landscaping project an average
density of 1.62 t/m3 was obtained after compactions
which corresponds to the density of soft clay. 

LABORATORY TESTS

The consolidation behaviour of many mud samples
from the river Scheldt has been studied in the Hydraulics
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Table III. Evolution of the mud thickness

Field nr. Initial height [m] Height [m] after n days Reduction

30 75 90 120 [%] 

L1 1.64 1.33 1.10 1.07 1.07 65
L2 1.75 1.33 1.18 1.16 1.15 65
L3 2.09 1.86 1.61 1.58 1.58 76
L4 1.93 1.66 1.47 1.47 1.45 75
L5 1.74 1.30 1.11 1.10 1.09 64

Table IV. Evolution of the mud density

Field Initial density[t/m3] Density [t/m3] after n days
30 75 90 120 

Average 1.223 1.272 1.314 1.318 1.318
Drainage 1.223 1.285 1.333 1.345 1.345
No drainage 1.223 1.255 1.290 1.293 1.295



Laboratory of the Katholieke Universiteit (Catholic
University) Leuven, Belgium. The aims of these tests
are: 
1. the determination of the relevant consolidation

parameters and calibration of the constitutive
equations; and

2. the evaluations of different dumping schemes and
drainage systems. Tests are carried out in trans-
parent columns.

Density and pore-water profiles and the mud-water
interface level are recorded at regular time intervals.

During a preliminary test service, the influence of the
columns diameter on the consolidation test results was
studied. Owing to wall friction the consolidation rate
may reduce with decreasing column diameter and/or
layer thickness and with increasing wall roughness
(Huysentruyt and Berlamont, 1993). These tests
showed that a minimal diameter of 100 mm 
(for smooth column walls) is recommended.

Drainage tests
The laboratory set-up used for most of the consolida-
tion tests under drainage conditions is presented
schematically in Figure 6. The density is measured at
increasing intervals with a gamma-transmission probe.
Pore pressures are measured with standpipe piezo-
meters, which are not more problematic to work with
than electronic ones (same accuracy, no electronic drift,
but capillary effect). The drainage pressure is regulated
by adjusting the level of the recipient reservoir. 
The tests have been conducted during approximately
four months. Further details on the test installation can
be found in Mengé et al. (1991) and Berlamont et al.
(1993).
The settling columns are placed in a dark, temperature-
controlled room and tests are performed at 10°C,
which corresponds roughly with the temperature of the
sediment on the bottom of the river Scheldt. In this
way fermentation is reduced which allowed a consider-
able prolongation of the test period without disturbance
by natural gas production
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Figure 4. Density profile evolution in field L2.

Figure 5. Test site for landscaping (hill in the middle of the
photo).

Figure 6. Consolidation column set-up in laboratory.



Results
As a result of drainage, the hydraulic gradient changes
sign and consequently the mud layer can be separated
into two layers. The top layer is drained upwards as in
batch consolidation tests. The bottom layer is drained
downwards. The thickness of the latter layer relative to
the total layer thickness increases with time. 
The density profile (Figure 7) of the bottom layer has a
much steeper density gradient and results in higher
densities. Hence, as expected, drainage results in a
higher compaction. However, because of the high
hydraulic gradient in the bottom layer, the density
increases rapidly such that the permeability is de-
creasing and the dewatering of the silt deposit will be
slowed down.

However it is clear that an underdrainage system
clearly enhances the dewatering of a mud deposit
(Figure 8). The final layer thickness decreases with
increasing imposed pressure head difference. The final
compaction in the drained columns was about 10-20%
higher than in the undrained test. The best result was

obtained when the imposed head difference was
(stepwise) varied with time, because a too- high initial
head difference seems to slow down the upwards
dewatering. Unfortunately this would require a very
controlled evacuation of the process water which is
very difficult to realise in a large-scale dewatering field.

MODELLING CONSOLIDATION

Mathematical models generally consider only one-
dimensional vertical consolidation. Since mud is a soft,
often over-saturated soil which allows large deforma-
tions, the infinitesimal strain theory of Terzaghi (1923)
cannot be applied. Instead one has to use the more
general non-linear finite strain model developed by
Gibson et al. (1967). An excellent review of consolida-
tion models is given by Schiffman et al. (1985).
Toorman (1994) proposed to use the sediment concen-
tration as independent variable, rather than the void
ratio, used in soil mechanics, because then the beha-
viour of sediment mixtures can be studied numerically
by solving the mass balance of each fraction. 
The success of this approach has been demonstrated
in earlier papers (e.g. Toorman, 1993). The first gover-
ning equation is the sediment mass conservation:

∂φ ∂ (vφ) ∂φ ∂Ss
+ = – = 0 1 

∂t ∂z ∂t ∂z

where: f = sediment volumetric concentration; 
v = sediment particle velocity; z = vertical co-ordinate,
positive in the upward direction; t = time; Ss = -vf =
sediment flux. The second equation is the saturated
soil stress balance (or Darcy-Gersevanov law), which
can be written in its most general form as (Toorman,
1994):

1 ∂σ’ U–v
= – (ρs – ρw ) φ + ρw 2

g ∂z k

where: U = averaged velocity = fv + (1-f)u, which is zero
when there is no drainage; u = pore water velocity.
These equations contain three consolidation parameters,
i.e. settling rate (v), permeability (k) and effective stress
(s¢). One of these parameters can be eliminated by
substitution of equation (2) into (1). 
The remaining parameters are obtained experimentally.

DISCUSSION OF RESULTS

Comparison between field and laboratory data
In order to evaluate the different results from the field
and laboratory experiments, one has to take into
account that the conditions in the laboratory tests are
not identical to those in the field (Figure 9).
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and consolidation of fine-grained dredged material on 
a large scale. The volume can be reduced by 35%
within four months and by up to 50% in one to two
years. 

The laboratory tests confirm the assumption that a
careful control of the water level in the field especially
during the initial period can enhance the consolidation
process. Consolidation fields are promising tools for a
short-term solution of the problems of ports where a
shortage of reclamation areas exists especially for the
fine-grained material.

The technique can be used on an industrial scale based
on the results.

The application of this technique is an important but an
intermediate step towards a global solution as it is only
a method to produce a useful product (reft 7). Addition-
ally it is necessary to look for projects where the prod-
uct (soft clay) can be applied. Different solutions can be
suggested. Some of them are actually tested on labora-
tory or semi-industrial scale:
– utilisation as fill material for landscaping projects
– utilisation to improve poor quality soils
– mixture with night soil for agriculture application
– utilisation as a raw material for the construction

industry.

None of the drainage systems in the fields could be
fully represented in the laboratory study, because the
experimental set-up only allows vertical drainage.
Nevertheless, measured density profiles in drained
column tests are comparable to those measured in the
field (compare Figures 2 and 6). Comparison suggests
that the initial density for the column tests was too low,
but should have been of the order of 1150 kg/m3

instead of 1100 kg/m3 (this to obtain optimal similarity
with the in-situ tests).
Another difference between the field and the laboratory
is the filling rate. The fields were filled irregularly over a
period of nearly two months, while in the laboratory it
took only a few minutes. It is known that this can result
in very different compaction owing to differences in
stress history (Elder and Sills, 1984).
The compaction in the drained column was about twice
as large compared to the drained fields. This could be
contributed to the more difficult underdrainage
systems in the fields and the probably lower relative
sediment content.

Model limitations
Results from mathematical models are generally
restricted to batch consolidation. In the case of drain-
age this, requires an additional equation for the average
velocity, which equals the flow rate of the percolate,
which in its turn is a function of the permeability and
the pressure gradient at the bottom. No method is
known which is able to solve this problem.

Numerical simulations of batch consolidation tests give
good results. However, when used for predictions of
the consolidation of a mud layer in different conditions,
there can be a significant discrepancy (Toorman and
Berlamont, 1991). Similarly, however, laboratory tests
on the same mud, but with different initial density or
different dumping rate, can also produce significant
differences, even in the obtained relationships between
the consolidation parameters and concentration. 
There is a general agreement that this is caused by
differences in stress history, and thus structural
differences. 

These structural effects are controlled by the break-up
rate during dredging, the shear flow during hydraulic
transport in pipelines and the filling rate of the disposal
site, which determines the rate of change of the
loading. Research on consolidation of mud should
therefore concentrate in the future on these time -
dependent effects, which are closely related to rheo-
logical time-effects, known as thixotropy.

Conclusions

Both field and laboratory tests illustrate the effective-
ness of a well-planned and adequately realised treat-
ment method for the acceleration of the dewatering
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Figure 9. In-situ sampling and density measurement pontoon.



The selection between these alternatives will depend
on the level of contaminant content of the dredged
material.

It has to be mentioned that the annual production of
the consolidated dredged material will be very impor-
tant. Therefore large-scale utilisation projects will be
required.

Another drawback for the utilisation of the dewatered
material is the contaminant load of the maintenance
dredged material which will be met in almost every
port. Although the final solution for the reduction of this
contaminant content lies beyond the dredging world
with a better implementation of water purification
programmes, dredgers will have to cope with this
problem in the meantime. 

References

Berlamont, J., Van den Bosch, L. and Toorman, E.
“Effective stresses and permeability in consolidating mud.” 

23rd Int. Conference on Coastal Engineering (Venice, Oct.4-9,

1992), Book of Abstracts, pp.135-136; Proc., Vol.3, 

pp 2962-2975, ASCE. (1993)

.

Elder, D.McG. and Sills, G.C. 
“Time and stress dependent compression in soft sediments.”

ASCE Symp. on Prediction and Validation of Consolidation

(San Francisco, CA, Oct.1984), SM048.

Gibson, R.E., Englund, G.L. and Hussey, M.J.L.
“The theory of one-dimensional consolidation of saturated

clays - I.” Géotechnique, 17, 261-273. (1967).

Huysentruyt, H. and Berlamont, J. 
“Consolidation”. Section 4.1 in: “On the methodology and

accuracy of measuring physico-chemical properties to charac-

terise cohesive sediments.” Report of the MAST-1 G6-M

Cohesive Sediment Project Group (ed. J.C. Winterwerp), 

pp.65-78, Comission of the European Communities, 

Directorate General XII. (1993).

IMDC.
“Pilot Programme for accelerated consolidation of mud in

dewatering fields”. (1992). (in Dutch).

Kynch, G.J.
“A theory of sedimentation.” Trans. Faraday Society, 48, 

166-176. (1952).

Mengé, P., Van den Bosch, L., Van Impe W. and 
Berlamont, J.
“Mud basin and capture reservoir experimental programme. 

- Laboratory experiments.” Report, Soil Mechanics Laboratory,

R.U.Gent and Hydraulics Laboratory, Catholic University

(KU) Leuven, Belgium. (in Dutch). (1991).

Sas, M. and Toorman, E. 
“Consolidating mud in dewatering fields: effective stresses and

permeability.” Proc. 2nd Int. Congress on Characterisation and

Treatment of Sludge (CATS 2, Antwerp, Nov.15-17), pp.2.27-31,

KVIV, Antwerp. (1993).

Schiffman, R.L., Pane, V. and Sunara, V. 
“Sedimentation and consolidation.” Flocculation, sedimentation

and consolidation. Proc. Engineering Foundation Conference

(Moudgil and Somasundaran, Eds.), 57-121. (1985).

Smits, J. and Sas M. 
“Maintenance dredging - an environmental approach.”

Proceedings EADA Conference. Ho Chi Minh City, Vietnam.

(1997).

Terzaghi, K. 
“The computation of the permeability of soils from the hydro-

dynamic pressure gradients.” Sitzungsberichte, Mathematisch-

naturwissenschaftliche Klasse, Akademie der Wissenschaften,

Vienna, Austria. Part IIa, 132(3/4), 125-138 (in German).

(1923).

Toorman, E.A.
“A unified theory for sedimentation and consolidation.”

Submitted to ASCE J. Geotechnical Engineering. (1994).

Toorman, E.A. and Berlamont, J.E. 
“A hindered settling model for the prediction of settling and

consolidation of cohesive sediment.” Geo-Marine Letters, 

Vol 11(3-4):179-183. (1991).

Toorman, E.A. and Berlamont, J.E.
“Settling and consolidation of mixtures of cohesive and 

non-cohesive sediments.” Advances in Hydro-Science and

Engineering. Proc. ICHE’93 (Wang, ed.), pp 606-613,

University of Mississippi, USA. (1993).

Toorman, E.A. and Huysentruyt, H. 
“Towards a new constitutive equation for effective stress in self-

weight consolidation.” Proc. 4th Nearshore and Estuarine

Cohesive Sediment Transport Conference (INTERCOH’94,

Wallingford, UK, July 1994).

Toorman, E.A. and Sas, M.
“Research on the consolidation of mud”, Proc. ASCE 

Dredging ’94, 2nd Int. Conf. on Dredging and Dredged 

Material Placement, Atlanta, Georgia, USA. (1994). 

Van Mieghem, J., Smits, J. and Jeuniau, F.
“Large scale separation and consolidation techniques for on

land disposal of fine grained dredged material.” Proc. 1st Int.

Congress on Characterisation and Treatment of Sludge

(CATS 1), pp.1.55-62, KVIV, Antwerp, Belgium. (1991).

Terra et Aqua – Number 68 – September 1997

28



29

Seminars/
Conferences/
Events

Please address all enquiries to: 
Secretariat of CEDA
PO Box 3168, 2601 DD Delft, The Netherlands
tel. +31 15 278 3145, fax +31 15 278 7104
email: ceda@wbmt.tudelft.nl
Internet: http://www-tt.wbmt.tudelft.nl/ceda/main.htm

Expo Marítima Mercosur
Centro Costa Salguero, 

Buenos Aires, Argentina
November 11-13 1998

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

For further information contact:
Diversified Expositions Latin America
121 Free Street, PO Box 7437, 
Portland, ME USA 04112-7437
tel. +1 207 842-5500, fax +1 207 842 5503,
or
Uruguay 1134, 7 o, “B”
1016 Buenos Aires, Argentina
tel. +54 1 813 1814, fax +54 1 813 6143

Call for Papers
ConSoil '98

Edinburgh International 
Conference Centre, Scotland

May 17-21 1998

The Sixth International FZK/TNO Conference on 
Contaminated Soil will be taking place in May 1998.

Europort 97
Rai International Exhibition

and Convention Centre
Amsterdam, The Netherlands

November 18-22 1997

Europort is one of the major international marine exhibi-
tions and marketing events in Europe. Its participants
include all those involved in ship operations; ship
design and construction; port and harbour building and
operation; design, construction and operation of vessels
for inland waterways; and dredging. The event takes
place every other year and attracts hundreds of partici-
pants and many thousands of visitors from all over the
world. IADC has been asked to function as part of the
Exhibition Committee.

For further information please contact:
Europort 97, Amsterdam RAI, Post Box 77777
1070 MS Amsterdam, The Netherlands
tel. +31 20 549 1212, fax +31 20 646 4469

CEDA Dredging Days
RAI International Exhibition 

and Convention Centre
Amsterdam, The Netherlands

November 20-21 1997 

Continuing a tradition started in 1980, "CEDA Dredging
Days" will take place during the Europort Exhibition '97
week in Amsterdam. This year's theme is "New Develop-
ments in Dredging Equipment and Technology". The
emphasis will be upon innovative solutions which achieve
higher efficiency, increased accuracy, cost-effectiveness
and environmental compliance. Presentations, delivered
by highly qualified invited speakers, with long-standing
international experience, will cover various aspects of
dredging with special emphasis on the improved results
achieved through the use of innovative equipment and
techniques. An International Technical Paper Commit-
tee appointed by CEDA will invite authors to present
and publish their papers. A panel discussion will follow
the presentations. The Annual General Meeting of
CEDA will be held after the conference, but the confer-
ence itself is open to anyone concerned with dredging.

Seminars/Conferences/Events

Continued on page 31



Dredgers of the World 
Oilfield Publications Ltd/Dayton’s Publishing Ltd 
Ledbury, England, 1997. ISBN 1 871041 07 4. 480 pp.,
Illustrated and indexed. NLG 420. CD-ROM, NLG 950.

This publication is the first definitive, illustrated register
covering the world’s fleet of dredgers. It provides
characteristics of the dredgers, the owner, managers,
affiliations and in many cases a drawing or photograph
of the dredger. With the expanding number of interna-
tional marine construction projects employing dredgers,
and the international nature of the suppliers or contrac-
tors of dredging, this world-wide catalog is long over-
due and fills a definite need for clients and principals
who require dredging services. Furthermore, the list of
owners/managers and affiliated companies gives the
current addresses, telephones, facsmilie 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 publication also quite effectively meets the 
challenges of organisation of the tremendous amount
of information. A variety of indices allows the user to
locate equipment in a variety of ways. There are five
key indices, all listed alphabetically;
– Index of All Dredgers
– Indices of Dredgers by Type
– Owner/Managers Affiliated Companies and 

Dredgers
– Addresses of Owners/Managers, Affiliated 

Companies
– Addresses of IADC Members and Affiliated 

Companies

The criteria used for including dredgers in the publica-
tion and the order in which they are presented below.

Certainly the criteria for including dredgers has provided
a comprehensive 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. 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 (the example given is specifically
for the Backhoe/Dipper/Grab Dredgers and Suction
Dredgers);

General

Name Type
Owner Classification
Marine Manager Flag
Year Built Call Sign
Builder

Main Dimensions

Length Draft/Load Line
Breadth Tonnage

Machinery and Power

Installed horsepower or capacity
Type Fuel

Operating Parameters

Dredging and Discharging Equipment

Mooring and Positioning Systems

Additional Data
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Charles W. Hummer, Jr.

Books/
Periodicals
Reviewed

Backhoe/Dipper/Grab Dredgers
Barge Unloading Dredgers
Bucket Ladder Dredgers
Cutter Suction Dredgers/Bucket Wheel Dredgers
Special Equipment
Suction Dredgers
Trailing Suction Hopper Dredgers

Bucket/Grab capacity no less than 3 m3

Suction pipe diameter no less than 40 cm
Bucket capacity no less than 0.5 m3

Suction pipe diameter no less than 40 cm
Varies depending on type of dredger
Suction pipe diameter no less than 40 cm
Minimum GRT 700t, minimum 350t
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The fifth conference in 1995 in Maastricht saw an
attendance of 1000 delegates from 31 countries. 
The series of International FZK/TNO Conferences
focusses on policies, research, development, regulations,
practical implementations and experiences related to
contaminated sites. Legal, financial and insurance
aspects of contaminated land will be included.ConSoil ’98
is organised by Forshungszentrum Karlsruhe (FZK) and
the Netherlands Organisation for Applied Scientific
Research (TNO) in cooperation with Scottish Enterprise.

For further information about submitting papers or
attending the conference please contact: 
Forshungszentrum Karlsruhe -- PSA
PO Box 3640 D-76021 Karlsruhe, Germany
tel. +49 7247 82 3967, fax  +49 7247 82 3949
email: mathes@psa.fzk.de
internet: http://www.iai.fzk.de.soil98/

WODCON XV, "Dredging Into the 21st Century"
and Exhibition

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

This announcement is a call for papers for the four-day
technical programme and exhibition with the theme

"Dredging Into the 21st Century". Suggested topics
include but are not limited to: computerised dredging;
dredge automation; disposal of dredged materials;
beneficial uses of dredged material; environmental
issues; dredging and the economy. 
Interested authors should submit a one-page abstract
to the Technical Papers Committee, which will review
all submissions and notify authors of acceptance.
Papers must be submitted to be included in the pro-
ceeding which will be published prior to the Congress.
Submission deadlines are:
Abstracts must be received by October 30, 1997; 
authors will be notified by December 1, 1997; 
final manuscripts must be submitted by March 1, 1998.

The conference will be accompanied by an Exhibition
of dredging and marine construction-related equipment/
displays which will also be hosted by the Western
Dredging Association (WEDA). 

For further information about submitting a paper please
contact:
Ronald E. Wills, Hartman Consulting Corporation
810 3rd Avenue, Suite 4
Seattle, WA  98104 USA
tel. +1 206 382 0388, fax +1 206 382 0268
email: hartman@accessone.com

Many major dredging firms have supported the publica-
tion by the purchase and display of advertisements.
These adverts, in and of themselves, are informative
and useful for those interested in matching job require-
ments with available and suitable equipment and 
contractor capabilities. 

In summary, this publication is recommended for users
or libraries where dredgers play an important role.
Whilst some periodicals publish an annual listing of
dredgers, this book appears to be far more comprehen-
sive in its listings and details. There is no indication
regarding the frequency with which the publication will
be updated, but in view of the addresses and telephone
numbers of the owners/managers, one would assume
that the need for periodic updating to maintain currency
will be met by the publisher.  

CD-ROM
In addition to the book (the first printing sold out and a
second printing will soon be ready), a CD-ROM is also
available. The CD-ROM contains all the information
presented in the book. However, in addition, as each CD
is cut individually, it will be updated every six months for
all newly built vessels, and annually for existing ships.

The data on the CD-ROM is not secured so the opera-
tor can export text and pictures to a file or a printer. 

Comprehensiveness of Listings

Listing the number of dredgers in each category gives
some indication and  appreciation for the comprehen-
siveness of the information provided;

Backhoe/Dipper/Grab Dredgers 164
Barge Unloading Dredgers 17
Bucket Ladder Dredgers 63
Cutter Suction Dredgers/
Bucket Wheel Dredgers 265
Special Equipment 11
Suction Dredgers 28
Trailing Suction Hopper Dredgers 236

Total Listed Dredgers 784

The price is NLG 950 per year, including mailing, or
NLG 1,500 for a two-year subscription.

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

Continued from page 29
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Day 1: Why Dredging?
The Need for Dredging/Project Phasing

Day 2: What is Dredging?
Dredging Equipment/Survey Systems 

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 September 25 1997, 
and return to:

IADC Secretariat, Duinweg 21,
2585 JV The Hague, The Netherlands
tel. 31 (0)70 352 3334, fax 31 (0)70 351 2654
telex 31102 (dune nl)

Place: Buenos Aires, Argentina
Date: October 13-17, 1997

In cooperation with the Universidad Nacional de La
Plata and Estudio de Ingenieria Hidráulica S.A., the
International Association of Dredging Companies is
pleased to organise for the first time in Buenos Aires an
intensive, one-week seminar on dredging and recla-
mation. This seminar has been successfully presented
for the last five years in Delft, The Netherlands with the
International Institute for Hydraulic Engineering, and for
the third time in Singapore with the National University
of Singapore and the Applied Research Corporation.
The costs are US$ 2950, which includes 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 ...............................................................................

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

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

■■  A Cheque is enclosed.

■■  Please charge my credit card:

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

Account no.:

Expiry date:

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



Africa
Boskalis South Africa (Pty.) Ltd., Capetown, South Africa
Boskalis Togo Sarl., Lomé, Togo
Boskalis Westminster Cameroun Sarl., Douala, Cameroun
Dredging International Services Nigeria Ltd., Lagos, Nigeria
HAM Dredging (Nigeria) Ltd., Ikeja, Nigeria
Nigerian Dredging and Marine Ltd., Apapa, Nigeria
Westminster Dredging Nigeria Ltd., Lagos, Nigeria
Zinkcon 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/Consub S.A., 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 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, Wanchai, Hong Kong
HAM Singapore Branch, Singapore
HAM Taiwan Office, Taipei, Taiwan
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
Vomsi India Ltd., New Delhi, India
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., Jeddah, Saudi Arabia
Jan De Nul Dredging, Abu Dhabi, UAE
Van Oord ACZ Overseas BV., Abu Dhabi, UAE

Australia
Condreco Pty. Ltd., Sydney, NSW, Australia
Dredeco Pty. Ltd., Bulimba, QUE., Australia
Jan De Nul Australia Pty. Ltd., Brisbane, QUE., Australia
New Zealand Dredging & General Works Ltd., Wellington
Van Oord ACZ B.V., Victoria, Australia
WestHam Dredging Co. Pty. Ltd., Sydney, NSW, Australia

Europe
ACZ Ingeniører & Entreprenører A/S, Copenhagen, Denmark
Anglo-Dutch Dredging Company Ltd., Beaconsfield,
United Kingdom
A/S Jebsens ACZ, Bergen, Norway
Atlantique Dragage S.A., Nanterre, France
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Baggermaatschappij Breejenbout B.V., Rotterdam, Netherlands
Ballast Nassbaggergesellschaft, Hamburg, Germany
Ballast Nedam Dredging, Zeist, Netherlands
Ballast Nedam Dragage, Paris, France
Boskalis Dolman B.V., Dordrecht, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Oosterwijk B.V., Rotterdam, Netherlands
Boskalis Westminster Aannemers N.V., Antwerp, Belgium
Boskalis Westminster Dredging B.V., Papendrecht, Netherlands
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
Boskalis Zinkcon B.V., Papendrecht, Netherlands
Brewaba Wasserbaugesellschaft Bremen mbH, Bremen, Germany
CEI Construct NV, Afdeling Bagger- en Grondwerken, Zele, Belgium
Delta G.m.b.H., Bremen, Germany
Draflumar SA., Neuville Les Dieppe, France
Dragados y Construcciones S.A., Madrid, Spain
Dravo S.A., Madrid, Spain
Dredging International N.V., Madrid, Spain
Dredging International N.V., Zwijndrecht, Belgium
Dredging International Scandinavia NS, Copenhagen, Denmark
Dredging International (UK), Ltd., Weybridge, United Kingdom
Enka-Boskalis, Istanbul, Turkey
Espadraga, Los Alcázares (Murcia), Spain
HAM Dredging Ltd., Camberley, United Kingdom
HAM, dredging and marine contractors, Capelle a/d IJssel,
Netherlands
HAM-Van Oord Werkendam B.V., Werkendam, Netherlands
Heinrich Hirdes G.m.b.H., Hamburg, Germany
Holland Dredging Company, Papendrecht, Netherlands
Impresa SIDER SpA., Rome, Italy
Jan De Nul N.V., Aalst, Belgium
Jan De Nul Dredging N.V., Aalst, Belgium
Jan De Nul (U.K.) Ltd., Ascot, United Kingdom
Nordsee Nassbagger- und Tiefbau GmbH, Wilhelmshaven,Germany
N.V. Baggerwerken Decloedt & Zoon, Brussels, Belgium
Philipp Holzmann Aktiengesellschaft, Hamburg, Germany
S.A. Overseas Decloedt & Fils, Brussels, Belgium
Sider-Almagià S.p.A., Rome, Italy
Skanska Dredging AB, Gothenborg, Sweden
Sociedade Portuguesa de Dragagens Lda., Lisbon, Portugal
Sociedad Española de Dragados SA., Madrid, Spain
Società Italiana Dragaggi SpA. “SIDRA”, Rome, Italy
Société de Dragage International “S.D.I.” S.A., Marly le Roi, France
Sodranord SARL, Paris, France
Tideway B.V., Breda, Netherlands
Van Oord ACZ B.V., Gorinchem, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Van Oord ACZ B.V., Zwijndrecht, Belgium
Volker Stevin Baggermaatschappij Nederland B.V.,Rotterdam,
Netherlands
Volker Stevin Dredging B.V., Rotterdam, Netherlands
Wasserbau ACZ GmbH, Bremen, Germany
Westminster Dredging Co. Ltd., Fareham, United Kingdom
Zanen Verstoep B.V., Papendrecht, Netherlands
Zinkcon Contractors Ltd., Fareham, United Kingdom
Zinkcon Dekker B.V., Rotterdam, Netherlands
Zinkcon Dekker Wasserbau GmbH, Bremen, Germany
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