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EDITORIAL

Dredging is an international industry and so it should come as no surprise that
two of our articles in this issue take place in Africa and in the Americas. State-of-
the-art dredging vessels in ports, harbours and inland waterways all over the world
are no strange sight by any means.

When people mismanage water resources resulting in pollution and “dead”
seas, such as found in Cartagena de Indias in Colombia, Central America or the
erosion and other beach failures along the coast of Nigeria, the international
dredging community in cooperation with the World Bank and other international
investors stand willing and able to correct the situation. The ingenuity applied to
finding solutions to these situations attests to the expertise and dedication of the
dredging industry. 

This becomes even more interesting in light of “Dredging Seen”, our third
article, which takes into consideration how others see us. Sometimes quite 
positively. Other times, as characterised by the remark by a journalist, dredging 
is not “sexy” and we don’t seem to promote ourselves properly. This should 
certainly raise a few questions in our minds. Isn’t it “sexy” to provide people with
economic opportunities through expanded harbours and ports, to improve living
circumstances by remediation of contaminated waters, by beach replenishment
and coastal protection?  The truth is that apparently in some cases dredgers 
are “unseen” – willing and able, but unacknowledged participants in the global
economy. Perhaps it is time to reach out to the public so they can understand the
seriousness of our endeavours.

Sometimes we are even unseen to ourselves. Many publications, the so-called
“grey” literature from research reports and proceedings of conferences, are 
difficult to find. These have now been consolidated in a new website, 
www.dredgeline.net. Click on to this site where the internet will open a door for
you into a rich world of research literature about dredging, carefully compiled and
organised.  

Speaking of reaching out, the IADC Seminar on Dredging and Reclamation
will again be held in Singapore, October 28 through November 1. Details can be
found on the back page of this issue of Terra. Be sure and take a look.

Robert van Gelder
President, IADC Board of Directors
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fund the wars fought by the Spanish Crown. 
The Spanish conquistador’s selected Cartagena for its
strategic geographic position and for the natural 
protection from raids by British, French and Dutch
pirates offered by the surrounding bodies of water 
(see Figure 1).

Since the city’s inception its sewerage was dumped
into these bodies of water. As the volume of sewerage
increased in tandem with the growth of the population,
part of the city’s sewerage was collected and dumped
by marine outfall into the bay of Cartagena. This began
about 1960. By 1980 however 60% of the city’s
sewerage was dumped on the Ciénaga de la Virgen, 
a shallow coastal lagoon of some 22 km2, and 10 km
canals surrounding and traversing the city. 

Whilst the bodies of water could absorb the sewerage
dumped in the early days, by the 1980s the pollution
level had become unbearable. The city became
exposed to continuous strong odors attracting hordes
of mosquitoes thereby severely affecting the already
precarious livelihood of some 400,000 poor people
living along the southern lagoon border, many of them
having been displaced by inland guerrilla actions.
Localised eutrophication (decomposition of algae and
other water plants distilling strong smell) was rampant
and fish death was a recurrent event in those areas of
the water bodies where there was still enough oxygen
available for fish to survive during part of the year.
In addition, during the rainy season, the water level in
the lagoon increased, inundating the surrounding 
borders and creating havoc amongst the population
living in shacks on the border.

A PLAN TO REMEDY THE POLLUTION

PROBLEMS

In 1988 the Colombian Planning Department requested
assistance from the Dutch Government to solve the
pollution of the water bodies. In 1993 Royal Haskoning

Abstract

Since the inception of Cartagena de Indias, Colombia as
a Spanish colony, its sewerage was dumped into the
nearby bodies of water. Not so surprisingly, the growth
of population was marked by growth in sewerage and
by 1980 60% of the city’s sewerage was dumped on
the Ciénaga de la Virgen, a shallow coastal lagoon of
some 22 km2, and 10 km canals surrounding and
traversing the city. Whilst the bodies of water could
absorb the sewerage dumped in the early days, by the
1980s the pollution level had become unbearable.
Continuous strong odors attracting mosquitoes, eutro-
phication, and fish death became recurrent events.

In 1988 the Colombian Planning Department requested
assistance from the Dutch Government to solve the
pollution of the water bodies. In 1993 Royal Haskoning
(RH) was commissioned by the Dutch Government to
appraise and formulate recommendations.

The sewerage project was distributed between the
World Bank and the Inter-American Development Bank
whilst the Dutch Government continued its assistance
for the Tidal Inlet project. On November 25, 2000 the
sluices at the Tidal Inlet commenced operating, and
within 3 weeks the lagoon had obtained the desired
water quality. 

The sewerage masterplan is presently being 
implemented. The estimate is that the submarine
outfall which should discontinue the sewerage disposal
into the lagoon, should start operating between 2005
and 2007, between 5 and 7 years after the Tidal Inlet
commenced its operations.

Introduction

From the colonial fortress city of Cartagena de Indias
the “silver fleets” departed regularly carrying silver
from Mexico and Peru to Spain, where it contributed to

Ronald Moor, Marion van Maren and Cees van Laarhoven
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(RH) was commissioned by the Dutch Government to
appraise and formulate recommendations. RH recom-
mended the implementation of two complementary
projects:
– To increase the lagoon’s regenerating capacity

connecting the Caribbean Sea with the Lagoon. This
required the construction of a Stabilised Controlled
Tidal Inlet, to allow the flushing of the lagoon by tidal
currents;

– To reduce the dumped sewerage on the water
bodies. This required the development of a 
sewerage masterplan including a reappraisal of 
final disposition of sewer water and/or a possible
treatment plant.  

The sewerage project was distributed between the
World Bank and the Inter-American Development Bank
whilst the Dutch Government continued its assistance
for the Tidal Inlet project. In 1994 the Colombian 
Ministry of Transport commissioned RH to develop 
the Tidal Inlet concept including studies, modeling,
structural design, preparation of tender documents,
tender evaluation and supervision of construction. 
At the end of 1997 the construction was awarded to
Boskalis International. On November 25, 2000 the
sluices at the Tidal Inlet commenced operating, and
within 3 weeks the lagoon had obtained the desired
water quality. 

On December 8, 2000 the president of Colombia Andres
Pastrana and the Dutch Ambassador Teunis Kamper
officially opened the project. On May 31, 2000 the
project was handed over to the Colombian Government.
By July 2000 the project was transferred to the Cartagena
Municipality, which contracted an “Operator” to 
operate and maintain the facilities and monitor water
quality. Financed by the Dutch Embassy, RH provided
continuous onsite assistance to the Operator until March
2001. The total project cost was EUR 30 million, of
which the Dutch Government donated about 45%.  

The Tidal Inlet is nowadays managed and operated by
DAMARENA, Cartagena’s municipal body responsible
for protection and conservation of renewable natural
resources.

The sewerage masterplan is presently being 
implemented. The estimate is that the submarine
outfall which should discontinue the sewerage 
disposal into the lagoon, should start operating
between 2005 and 2007, between 5 and 7 years 
after the Tidal Inlet commenced its operations.

THE STABLE CONTROLLED TIDAL INLET

CONCEPT

The design posed three interesting and important
questions, which had to be addressed: 
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southern lagoon border, and a multitude of make-shift
toilets of the 400,000 people draining either directly or
through some 10 channels into the lagoon. This resul-
ted in the choice of a site just North of the Cartagena
airport landing strip (Figures 2 and 3). 

In view of the very low tidal range present at Cartagena
— 0.50 m is the highest difference, but on average it
does not exceed 0.30 m — it was decided to include
sluices to control the incoming and outgoing tidal
currents in tandem with a 3400 km guiding sheet piled
wall to direct the tidal currents towards the pollution
sources and from there out into the ocean. This would
maximise the flushing capacity of the system.

Furthermore, it was decided to reconnect the main
channel between the lagoon and the internal bay of
Cartagena by extending and deepening the Caño Juan
Angola, allowing water circulation through this channel.
To maximize the effect, a one-way sluice was planned
at Chambacú, near the inner bay, to allow only tidal
outflow and prevent inflow (Figure 4). 

– How to ensure the Tidal Inlet’s stability over time,
considering coastal changes caused by sedimenta-
tion and erosion;

– How to optimise the self-regenerating capacity of
the lagoon and canals, to maximise the effect of the
Tidal Inlet; 

– How to establish desired water quality criteria in the
lagoon over time, before the implementation of a
sewerage masterplan, and consequently determine
the required capacity of the canal connecting the
Caribbean Sea and the Lagoon.

In the following article the approach and conclusions on
these questions will be summarised.

Inlet stability
At the north end of the lagoon a small, unstable 
Tidal Inlet (La Boquilla) existed (Figure 2). This generally
opened yearly during the low-wave season (May to
November) and closed during the high-wave season
(December to April) in response to the existing long-
shore sand transport. 

The rainy season, which extends from June to 
November, tends to overlap with the low-wave season
creating a hydraulic gradient between the lagoon and
the Caribbean Sea, aiding in maintaining the Tidal Inlet
open for a number of months. Wave analysis and
calculations with Delft Hydraulic’s UNIBEST model
showed that a net long-term average longshore sand
transport exists from North to South, varying from
some 30,000 m3/yr at the Boquilla to 20,000 m3/yr at
the Cartagena airport. To ensure stability of the Tidal
Inlet, therefore, two groynes or breakwaters are
required, one at each side of the canal to avoid closure
by longshore transported sand.  

The canal entrance and the sluices should be protected
from wave action; hence an L-shaped North break-
water was selected to create wave protection. This
North breakwater will stop longshore sand transport,
creating a beach North and allowing erosion to the
South. In time sand will bypass the breakwaters and
enter into the basin created by the breakwaters, 
therefore a sand trap was dredged to allow recurrent
dredging not more frequently than once every 8 years.
To the South some 1200 m of unprotected coast
existed, which was protected by three new groynes
and the extension of a fourth groyne. Sand from
dredging the sandtrap was supplied between the
groynes and from a nearshore borrow area.

Optimisation of self-regeneration capacity of 
the water bodies
To increase the self-regenerating capacity of the 
shallow waters of Ciénaga de la Virgen coastal lagoon,
it was decided early on that the Tidal Inlet should be
located as close as physically feasible to the pollution
sources, being a dozen outfalls located along the 
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Figure 1. Map of Cartagena de Indias, Colombia showing the
lagoon, fortress and inner bay.

Lagoon

Fortress

Inner bay



Table I. Combined main design criteria for water

quality and aquatic systems.

Parameter Measuring unit Project aim

BOD G/m3 <6
DO G/m3 >4
Ammonia G/m3 <2
Phosphates mg/l <0.3
Bacteria MPN/100ml <5000  

Water quality criteria and connecting channel capacity
Water quality requirements were simplified into those
applicable for recreational water bodies for which
Colombian regulations could be applied and require-
ments for aquatic systems for which, in the absence of
Colombian regulations, Dutch regulations were applied.
The combined main design criteria were established as
given in Table I.

With the aid of the Danish Hydraulics Mike 21 bi-
dimensional model an average flow requirement of
30 m3/sec was established, taking into account the
increase in sewerage discharge on the lagoon as
forecast by Aguas de Cartagena (the water and
sewerage operating entity), to allow until about 2008
for the implementation of a sewerage masterplan 
and discharge of sewerage outside the lagoon or on
the lagoon after passing through a treatment plant. 

The design was modelled with an open and a closed
Boquilla, resulting in an average flow of between 32
and 34 m3/sec. The anomalous semi-diurnal tide in
Cartagena, where the flood tends to last about 1.5
times longer than the ebb, translated into having 6
inflow and 4 outflow sluices. 

SELECTED COMMENTS ON THE

CONSTRUCTION

The contract was based on a standard FIDIC contract
blended with Colombian requirements as contained 
in Law 80, which governs tender procedures and
contracts with the Colombian State. Whilst in essence
the FIDIC approach was maintained, the Engineers’
powers were restricted in those areas that could
generate additional cost to the Colombian Government,
i.e. approval of time extension, issuing variation orders
involving more monies and the approval of new unit
rates. 

Law 80 normally limits the task of the supervising
engineer to controlling technical specifications and
quality of the work, whilst the Government body
retains all decision power. It is therefore surprising how
well the contractual setup worked, albeit that there
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Figure 2. A map of the Tidal Inlet, La Boquilla, and sewer
discharges.

Figure 3. Photograph of the Tidal Inlet which has been placed
near the pollution sources.  

La Boquilla

Tidal Inlet

Sewer
discharges



were frequent explanations on the FIDIC contract
where necessary. Still each party avoided getting
involved in other parties’ responsibilities. In addition to
the Construction and Consultancy contracts of Boskalis
International and Royal Haskoning with the Ministry 
of Transport, both companies had a contractual 
responsibility towards the Dutch Government.    

The construction started with a one-year delay owing to
procedural time required to formalise the construction
and consultancy donation agreements between the
two Governments, and cash flow rescheduling by 
the Colombian Government leading to a change in
construction time from 13 to 18 months. 

Boskalis decided early on to construct the whole 
connecting channel and the associated structures in a
dry pit. This involved the installation of a well system
along some 700 m long and 120 m wide channel, with
16 m deep wells at both ends. This system lowered
the water level over some 3 m on a 24-hour basis for a
period of 9 months. 

The connecting channel is lined with geotextile and a
rock revetment on the slopes and small stones on the
bottom. On the seaside a box-culvert was constructed
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Figure 5. The road connection between Cartagena and the
port city of Barranquilla.

Figure 4. Map indicating the Caño Juan Angola and the 
one-way sluice at Chambacú which would allow only tidal
outflow and prevent inflow.



bridging the road connection between Cartagena and
the port city of Barranquilla, whilst permitting the flow
of tidal current underneath. A variety of connections
cross the box-culvert, including water and sewerage
pipes, electricity, several TV and telephone cables and
a gaspipe, with each owner having its own specific
requirements for the temporary and final solution. 

On the lagoon side a sluice complex was built 
including 10 sluices (6 in, 4 out). The photographs in
Figures 5, 6 and 7 show the main elements and the
sluice complex. 

Fishing boats
Unexpectedly, significant traffic of small fishing boats
exists along the Caño Juan Angola. Therefore at the
Chambacú sluice a derrick had to be installed to allow
lifting of fishing boats when the sluice is closed
(Figure 8).

Airport
The construction of the breakwaters and the dredging
of the sandtrap as well as the dredging of the connec-
tion between the Caño Juan Angola with the lagoon
were limited as regards the height of construction
equipment, which had to remain outside the flight
approach cone on both sides of the runway. This led to
a protracted procedure where radio communication
between the control tower and the construction site
whilst constructing the breakwaters optimised the
utilisation of construction equipment, lowering booms
when airplanes landed or departed. 

Originally the sandtrap was to be dredging with one
cutter suction dredger (CSD) dredger working only
night shifts when there is no air traffic, since spuds
could not be lowered. But production proved
insufficient and a second smaller CSD was 
deployed. The main CSD would dredge a large
sandtrap outside the basin, whilst the smaller CSD
would dredge and deposit sediment just south of the
basin, where the larger CSD would then re-dredge
some of the sand to nourish the 1200 m coast south
of the Tidal Inlet. Figure 9 shows the breakwaters,
the basin, the box-culvert and the smaller CSD in
operation.

Hurricanes
Whilst hurricanes are a normal phenomenon in the
Caribbean, they usually move in a westerly direction
and pass far enough away from Cartagena not to 
generate any inconvenience. Alas, in November 1999
hurricane Lenny moving in an easterly direction passed
much closer than usual and had a devastating effect on
various sites along the Caribbean coast of Colombia
including Cartagena. The breakwaters were not fully
finished at the time of the hurricane and suffered no
damage. The dramatic effect on the coast, however,
was not foreseen during the design.

8

Figure 6. Aerial view of the channel, sluice complex and box-
culvert.

Figure 7. The sluice complex on the lagoon side.



Environmental permit
Project approval included obtaining an environmental
permit from the local environmental agency (Cardique).
In addition, Dutch Government donation approval
requires environmental project assessment by the
Dutch MERCie (EIA Commission). Both agencies
collaborated efficiently. As part of the permit a 
monitoring programme was developed involving the
evaluation of coastal processes and water quality
during construction and one year after operation of the
sluices. The results of these monitoring programmes
will be briefly discussed.

ENVIRONMENTAL MONITORING OF COASTAL

PROCESSES

Figure 10 shows the measured advance of the MSL 
–1 m depth contour, considered reasonably 
representative of the coastal advance, at profile 7,
located some 150 m north of the northern breakwater,
as compared to the UNIBEST-model forecast. It can be
observed that in March 2002 some 90% of the total
sedimentation expected by 2011 had already taken
place. 
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Figure 8. Small fishing boats are lifted by a derrick when the
sluice is closed.

Figure 9. The breakwaters, the basin, the box-culvert and the
smaller cutter suction dredger in operation. 
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Figure 10. The measured advance of the MSL –1 depth contour considered reasonably representative of the coastal advance, 
at profile 7, located some 150 m north of the northern breakwater.

Figure 11. The advance of the MSL, MSL –1 and MSL –2 m depth contours are shown here. The effect of seasonal high and low
waves can clearly be observed in the variation of the coastal slope, whilst the coast as a total is growing. 



Table II. Varying sedimentation and erosion in

different sections of the basin.

Jan 2001 to May 2001: +2,700 m3 (+5,400/–2.700)
May 2001 to Sept 2001: +   900 m3 (+4,000/–3,600)
Sept 2001 to Jan 2002: –   100 m3 (+5,300/–5,400)

Total sedimentation between 
Jan 2001 and Jan 2002: some 3,500 m3

Sedimentation takes place mainly during the high-wave
season. In addition it was observed that the access
channel to the basin has deepened (erosion) whilst the
two inside corners of the basin have silted. Whilst the
total sedimentation in one year amounted to some
8,000 m3 the erosion was some 4,500 m3. Sand is a
valuable resource in Cartagena and contractors are
eager to remove it for free. Therefore, a selected
contractor was allowed to excavate some 1,200 m3 of
sand from the two inside corners by back-hoe, thereby
extending the life of the sandtrap. It was concluded
that this could be repeated as many times as possible.

The effect of hurricane Lenny on the coast, besides
damaging coastal structures, caused the transfer of
sand from MSL+1 to –1 m to MSL –3 to –4 m. This
accelerated the sedimentation process north of the
Tidal Inlet as waves broke over a far greater width than
before. The effect and the restoration of the affected
coast are shown in the Figure 11 where the advance of
the MSL, MSL –1 and MSL –2 m depth contours are
shown. The effect of seasonal high and low waves can
clearly be observed in the variation of the coastal slope,
whilst the coast as a total is growing. 

The acceleration of the sedimentation process north of
the Tidal Inlet could accelerate the sedimentation of the
sandtrap and this in turn might require the advance of
the next dredging operation by many years. 

The identified risk of increased sandtrap siltation was
evaluated. The sandtrap has a nominal capacity of
some 85,000 m3 while it was estimated that once
some 50,000 m3 sand has been trapped, the sandtrap
should be dredged. From January 2001 to January
2002 the basin as a whole showed varying sedimenta-
tion and erosion in different sections of the basin as
indicated in Table II.
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Figure 12. Under construction: Three new groynes were constructed and an existing one was extended.



Probably the sandtrap would not have to be dredged
for the next 10 years or more.

As an environmental mitigating measure, three new
groynes were constructed and an existing groyne was
extended to protect some 1200 m of coast south of
the Tidal Inlet, whilst some 200,000 m3 of sand was
supplied to nourish the coast. Figure 12 shows the
construction under way. 

ENVIRONMENTAL MONITORING: WATER

QUALITY AND ECOLOGY

Water samples were taken monthly at some 
30 locations (Figure 13); physical parameters were
established on site by a local laboratory setup by
Boskalis and subsequently donated to the Cartagena
municipality under a Dutch Embassy financed post-
construction programme. Bacteriological analysis was
performed at the laboratory of the Cartagena University
(Figure 14). 

Boskalis performed the monitoring 24 months before
operation and 14 months after operation, under 
supervision of Haskoning and the environmental
agency (Cardique). Haskoning evaluated the results and
modified the programme according to the findings.

Commencement of sluice operation
Results of daily monitoring of bacteriological 
parameters during 3 weeks after the opening of the
sluices concluded that there had been no danger to
polluting neighbouring coastal areas.

Salinity 
Once the Tidal Inlet became operational, salinity in the
lagoon increased rapidly reaching levels of about 35 0/00

already in December, whereas in the past salinities
corresponding with those of seawater were attained
not earlier than in the month of April. In the tidal creek
system, salinity levels also increased significantly. 

Pollution as a result of sewage discharge
The overall improvement of bacteriological quality in the
lagoon is striking. Before the project was operational,
quality standards for recreational waters of secondary
contact were exceeded in all sectors of the lagoon
during the rainy season. Nowadays, in the wet season,
only in the southern region of the lagoon, close to
discharging points, bacterial counts do still not comply
with these standards.

Bacterial counts registered in samples from the coastal
waters near the outlet of the Tidal Inlet always 
complied with quality standards for recreational waters
for secondary contact and primary contact.
Water quality in the creek system of Juan Angola
improved greatly as a result of restoring the connection
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Figure 13. Water samples being taken. They were taken
monthly at some 30 locations.

Figure 14. Bacteriological analysis was performed at the
laboratory of the Cartagena University.
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between the lagoon and the Juan Angola creek and of
the operation of the Tidal Inlet and the Chambacú
sluice. Pollution of the creek system by discharge of
sewage continues, but coliform counts are much lower
than before operation of the project. Dissolved oxygen
(DO) values are now met in a normal range and Bio-
chemical Oxygen Demand (BOD) and concentrations of
ammonia decreased significantly. 

Trophic state of the lagoon
Prior to operation of the Bocana, dissolved oxygen
values of the lagoon often reflected conditions of
supersaturation and, sometimes, in the southern 
sector, of anoxic conditions. Nowadays, dissolved
oxygen values are mostly in agreement with the
objective of the project (> 4 mg O2/l) regarding the
trophic state to be attained. Moreover, supersaturation
conditions became rare.   

Until the start of the project, BOD values most of the
time exceeded the project limit of 6 mgO2/l, throughout
the lagoon. As result of project operation, BOD was
significantly reduced. 

During operation of the project and also prior to the
project, ammonia values rarely exceeded the norm of
2 mg/l. From these results it may be concluded that
oxygen levels in the lagoon were and are not restrictive
for completion of the nitrification process. Phosphates
concentrations are significantly lower than in the past
and generally do not exceed the value of 0.3 mg P/l,
being the objective of the project. Also the rate of
primary productivity has been strongly reduced. Figure
15 shows the bacteriological situation before and after
operation. 

NATURAL VALUES OF THE LAGOON

The lagoon ecosystem prior to operation of the project 
Originally, the Ciénaga de la Virgen communicated with
the sea near la Boquilla. At the onset of the rainy
season, the connection with the sea was established,
but disappeared progressively during the dry season.
During maximum rainfall, salinities ranged from 3.6 to
5.6 0/00, whereas during the dry season salinities were
in a range of 27.8 – 37.2 0/00.

The lagoon presented an annual cycle with the follow-
ing characteristics:
– Onset of the dry season: lagoon still connected with

the sea, allowing a biological and physicochemical
exchange; increasing salinities; period of maximum
biodiversity as a result of invasion of the lagoon by
marine species.

– Dry season: connection with the sea closed by a
sand bar; evaporation in the lagoon exceeded fresh-
water input; hypersaline conditions developed in the
northern sector.

Figure 15. The bacteriological situation before and after the
operation. 

Before the Tidal Inlet

With the Tidal Inlet in operation 

NMP< 5.000/100ml. Good. Allows fishing and
aquatic sports. 
NMP >5.000 <30.000. Regular. Incidentally
localised bad smells occur.
NMP>30.000 <100.000. Bad. Frequent bad 
smell and occasional fish death.
NMP>100.000. Very bad. Hideous smell, 
fish death and epidemic sickness.



– Rainy season: connection with the sea re-estab-
lished; freshwater input exceeded evaporation rate;
salinities less than 50/00 in the southern part of the
lagoon.

The high degree of pollution by wastewater was
prohibitive for the number of species able to colonise
the lagoon, especially in the southern sector. 

The lagoon ecosystem during operation of the project
Since the opening of the Tidal Inlet, the north-south
salinity gradients, which occurred seasonally, are no
longer met. Moreover, salinities now are high during all
seasons, throughout the lagoon. At the end of the rainy
season, salinities registered in the lagoon were around
30 0/00, except for the monitoring stations in the south,
where salinities were in the range of 18 - 20 0/00. 
Minimum salinities are met in places, where the
discharge of domestic wastewater is high. Since the
operation of the project, salinity in the Ciénaga de la
Virgen seems to depend on salinity of the coastal
waters and on wastewater inflow rather than on
seasonal changes in rainfall.

During July and August 2001, hypersaline conditions
were met in the extreme north of the lagoon. It is likely
that, if the opening near la Boquilla remains closed in
the future, hypersaline conditions will return during
each dry season. In the lagoon sector, located beyond
the influence of the Tidal Inlet, the lack of exchange
with coastal waters will result in salinities higher than
those of seawater, when evaporation rate is high and
rainfall is absent.  

Since the project became operational, seasonal peaks
in primary production and phosphates no longer occur.
This confirms the statement that nowadays the lagoon
ecosystem is governed by the influence of the coastal
waters rather than by seasonal changes is rainfall.    

The general improvement in water quality resulting
from project operation consists of a reduction in BOD,
of changes in dissolved oxygen concentrations,
presently met in a normal range, of a reduction in
nutrient concentrations and of a significant reduction in
bacteriological contamination. 

Conclusion

With respect to the ecology of the Ciénaga de la
Virgen, operation of the project generated the following
positive impacts: 
– The permanent connection with the sea allows

marine species, including commercially important
species such as penaeid shrimp, to enter the lagoon
area throughout the year;

– The permanently higher salinities allow those marine
species, which do not tolerate a major reduction in

salinity (“stenohaline species”), to penetrate further
into the lagoon area and to stay for a longer period
than in the past;

– As a result of the reduction in nutrient concentra-
tions, the degree of eutrophication has been
reduced significantly;

– The improvement in water quality has a positive
impact on the development of organisms, which
colonise the lagoon.  

The strong reduction in bacteriological contamination
not only diminishes the health hazard for the fisher-
men, who are in direct contact with the lagoon waters,
but also the health hazard brought about by eating
bacteriologically contaminated fish and other organisms
captured in the lagoon.   

As soon as the Bocana had become operational, near
the inlet and in the lagoon itself, large numbers of
marine fish (red snapper for example), penaeid shrimp
and blue crab have been observed. Moreover the
different structures of the works (sluice gates, screen
and so on) have been colonised by oysters, which
presently offer an important source of income for the
local fishermen.   
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speaking. It was a good discipline, listening to others
instead of preaching to the converted — each other. 
If they understood nothing about dredging we could
not blame them because it was probably our fault in
that we had not told them properly. If they did under-
stand it, are we listening to what they had to say about
us? Well, did they get it right?

THE FIRST SESSION: THE CLIENT’S

PERSPECTIVE

The first session, chaired by Gerard van Raalte of
Hydronamic BV, The Netherlands, considered the
client’s perspective, with papers from R Ståle Larsen,
Dr Lindsay Murray and Mr Pascal Gregoire.  

Abstract

This paper constitutes a review of the special CEDA
Dredging Days “Dredging Seen — Perspectives from
the Outside Looking In”, November 2001. 
The Organising Committee decided to invite individuals
and organisations that do not dredge but have some
link with the dredging community to present their views
on the industry. A number of contributors ranging from
Clients to Licencing officials to Port Authorities to Bank
and Insurance agents to Greenpeace obliged. 
Their opinions offer an interesting view on how the
dredging industry is perceived by others.

This overview is published here for the first time with
the cooperation of CEDA.

Introduction

In November 2001 at the RAI in Amsterdam, the 
International Technical Paper Committee for the CEDA
Dredging Days, headed by W D Rokosch of the 
Ministry of Transport, Public Works and Water 
Management, North Sea Directorate, The Netherlands,
took a chance and chose to do “something completely
different”, to quote Monty Python. The title of the
conference, “Dredging Seen — Perspectives from the
Outside Looking In” was a deliberate play on words
implying the double meaning of the dredging “scene”
and how dredging is “seen” by others. The Organising
Committee decided to invite individuals and 
organisations that do not dredge but have some link
with the dredging community, to present their views
on the industry.  

Several of those invited were willing to do that, so we
in the dredging industry spent a day listening to the
perceptions of others about us. It was probably the first
dredging conference ever at which there was not a
single dredging contractor or dredging consultant

So What DO They Think of Us?

T. Neville Burt 

So What DO They Think 
of Us? Dredging Seen, 
from the Outside Looking In
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R S Larsen: A Comparision of Contracts of 3 Pipe
Laying Projects
Mr Larsen of Statoil talked about different types of
contract based on his experience on the Zeepipe,
Europipe I and Franpipe projects, and considered how
well the dredging world is capable of meeting the
client’s demands (Figure 1). For the Zeepipe project the
company identified that the pipe laying was the most
critical construction activity and so they wanted to
reduce the number of contract interfaces. The main
contractor was therefore to co-ordinate the landfall
construction, dredging works, pipe laying and post
trenching. The form of contract for the dredging and
post trenching works was a target lump sum. 

For the Europipe I project the dredging and backfilling
works were identified as critical. The company needed
the dredging industry’s experience to apply for the
construction permit and in this case Statoil decided on
a day rate contract. In the third case, the Franpipe
project the dredging industry was invited to discuss the
best contract strategy and more or less choose

between a fixed lump sum and a target lump sum with
agreed sharing of the risk. The latter was chosen.

Larsen summed up his experience, concluding that:
– Dredging contractors are hard working and serious

about meeting the client’s objectives.
– It was possible for the client to make considerable

savings and for the dredging contractor to improve
profits through good risk management but for this to
work he recognised that the client has to take a
proper share of the risk. The client has to recognise,
for example, that an expensive piece of plant cannot
simply be taken off the job for a period of time
unless there is other work immediately on hand
(Figure 2);

– Contractors have a habit of not complying with the
tender. He was particularly upset that the tender
had asked for the contractor to have their own
resources whereas in reality they bought them 
in from other companies and this made him 
suspicious;

– Competitive tendering was not always genuinely
competitive;

– Often a bid would be too conservative and this had
implications for the client’s planning of the contract;

– The contractors failed to take the opportunity to
invest in post-trenching plant so that they could bid
for a bigger part of a pipe-laying contract. This would
have benefited both client and contractor;

– On the whole contractors do not seem to like lump
sum contracts.

Dr Lindsay Murray: Assessment of Dredged Material
Lindsay Murray is an advisor in the regulatory process
for dredged material disposal in the UK. She described
the legal framework and how the Dredged Material
Assessment Framework (DMAF) of the London 
Convention is the main basis for her own assessment
work (Figure 3). She titled her talk “The Invisible Man”,
the point being that the people who really know 
about dredging — the dredgers themselves — come
onto the licencing scene far too late in the process. 

Based on her UK experience she found that the main
early contact in the consent process was from the
applicant himself, usually a port authority or developer.
Rarely does the dredging industry itself make the initial
contact. Indeed often at the time of application the
dredging contractor has not yet been appointed. At the
initial stage the requirement for dredging is known and
a scheme for disposal has to be developed. Dr Murray
knows what her concerns are likely to be and can
suggest the sort of information that will be required,
but where is the dredging industry?

The dredging industry, both contractors and 
consultants, are the people who know about the 
range of possible solutions. She would like to know, 
in making her assessment, what dredging options are
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Figure 1. Map of the Norwegian Continental Shelf in the North
Sea showing the Zeepipe (Sleipner to Zeebrugge, Belgium),
Europipe I (Draupner to Emden, Germany), and Franpipe
(Draupner to Dunkerque, France).
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available and practical for the situation. For example,
what techniques are available to minimise the impacts
of dredging activity on nearby shellfish beds? Is there 
a possible beneficial use for the material? Will the 
way it is dredged affect the suitability of the material 
for beneficial use? In making her plea for the dredging
industry to come out of the cupboard and get involved
earlier in defining the dredging works she recognised
that this might require changes in the tendering 
procedure. Dr Murray was not afraid to issue that
challenge.

Summing up, she saw the developer as the one 
defining the requirement to dredge, the regulator as
the one with the responsibility to look for environ-
mentally acceptable solutions and the dredging 
industry as the one to say how it can be achieved.

In a final comment she made an appeal for some
standardisation of the method of measurement point-
ing out the difficulty of interpreting wet tonnes, dry
tonnes, cubic metres, hopper tonnes and so forth.

Pascal Gregoire: Finding a Consensus for Dredging
Pascal Gregoire works for the Department of Marine
Access and Infrastructure at the Port Authority of
Dunkerque, France. On a similar theme to that of 
Dr Murray he posed the question “how can we get 
a consensus between all the parties involved in 
dredging?” He also presented the DMAF (see 
Figure 3) as the basis for assessment, at the same 
time pointing out the complexities of the France’s 
own national legislation. 
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Figure 2. The installation of the cofferdam at Dunkerque, with a number of vessels in the background. A variety of plant is 
needed for such enormous pipeline projects. This requires extensive planning, coordination and sometimes risk-sharing 
from both contractor and client.

Figure 3. Dredged Material Assessment Framework (DMAF)
gives specific guidelines for the assessment of dredged
materials. 



The contracting authority has to make sure that 
participation in the process is extended to:
– Local government services;
– Local territorial authorities;
– Social-professional organisations;
– Equipment and water management authorities;
– Associations and federations;
– Residents, inhabitants and the public.

Gregoire emphasized the need for public participation
during environmental assessment stages, as well as
the role of the dredging industry early on. He described
a three step decision-making procedure (Figure 4) and
how decision making can be assisted by the use of a
multi-criteria analysis such as ELECTRA.

In drawing attention to the need for all parties to be
involved in the process at an early stage, he points out
that an important contribution of the dredging industry
is in the field of developing technologies that reduce
dredging impacts on the environment. This may mean
modification to existing dredging equipment and 
development of new equipment. In saying this he 
also recognised that this implied extra costs which
people were reluctant to bear.

THE SECOND SESSION: QUALITY CONTROL

AND ENVIRONMENT

The second session was entitled Quality Control and
Environment and was chaired by Mr JCMM Claessens
of the Ministry of Environment and Infrastructure of the
Flemish Community, Belgium. Papers were presented
by L Müller and H Steibekke, M Besieux, and Pier
Vellinga.

L Müller and H Steibekke:  Public and Political
Interest in Ship Safety
The first paper of the second session was prepared by
Mr L Müller, Director of Ship Classification at 
Germanischer Lloyd in Hamburg, and presented by
Harald Steibekke. Offering a classification society’s
view with regard to shipbuilding quality, Mr Steibekke
noted that public and political interest in ship safety has
increased rapidly as result of several casualties in
recent years. In fact, despite the increasing complexity
of the world’s dredging fleet, accidents have
decreased, but this does not mean that there is room
for complacency. 

Ways to reduce and improve quality and safety in
shipping must continue to be pursued. Certainly, 
however, the author did not see the solution as being
yet more regulations. The industry is plagued by a
continuously increasing number of regulations and
excessive number of inspections. What is needed
according to Müller and Steibekke is the efficient 
implementation of existing rules.
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Figure 4. The decision making procedure in three phases 
as described by Pascal Gregoire.



community should be more involved in campaigning for
elimination of contaminants at source. He used TBT as
a case study.
TBTs arise from antifouling paint and the sediments in
harbours are often contaminated with them. This is 
not usually the fault of the harbour authority or the
people who have to dredge the sediments but the fact
is that disposal of this material at sea transfers the
contaminants to the marine environment. He thought
that often sediments are placed in the marine 
environment with concentrations in excess of the
7 ppb that is generally considered to be acceptable.

Whilst M Besieux acknowledged that it was not the
fault of the dredging community, he thought that they
had a responsibility for safe management of the 
material. He made it clear that he thought that this
included a moral responsibility to tackle the problems of
control of pollution at source, even if there was no
contractual responsibility. He called on the dredging
industry to support the setting of a target to totally ban
the use of TBT by 2003. Although it was pointed out in
the discussion that CEDA itself is not a lobbying 
organisation, but rather a forum for those involved in
dredging, Greenpeace sees the dredging community
as one of the actors in the maritime world who could
contribute positively to the passage of the IMO 
convention on Harmful Antifoulants. 

Mr Steibecke voiced his concern at the pressure being
put on the shipyards to cut costs owing to worldwide
competition, illustrating the consequences of this with
many examples of poor materials, badly made 
components from suppliers and poor workmanship. 
He noted that the pressures also meant increasing
reliance on computer models, despite the fact that
models have the habit of making the same mistakes
over and over again. Will the tail-fin fall off another
Airbus he wondered, before the source of the problem
is identified?

The increasing practice of outsourcing could easily lead
to increased mistakes because the provider only sees
one aspect of the construction task. The concluding
plea was that the maritime industry (i.e., including
builders and owners of dredgers) should take the
opportunity to involve the classification societies,
whose corporate philosophies are based on high 
standards, to maintain the quality and serviceability of
the hull and all components in all vessels, including
dredgers (Figure 5).

M Besieux: The Real Problem is Contaminants
In the second paper of this session, M Besieux of
Greenpeace Belgium asked the question “Is Dredging
the Real Problem?” It was clear from his paper that he
did not think so, but rather proposed that the dredging
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Figure 5. Modern day jumbo dredgers are subject to thorough quality standards and super stringent ISO safety standards, and 
are equipped with state of the art safety devices.
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Pier Vellinga: Dredging’s Interaction with the
Environment 
Pier Vellinga, professor at the University of 
Amsterdam’s Institute for Environmental Studies,
presented a fascinating and challenging analysis of
dredging in a changing environment. In so doing he
addressed, at a fundamental level, our interaction with
the environment from a social and cultural perspective.
He wrote:
“How long can a species [mankind] grow exponentially
in numbers, in particular when such growth comes
with increasing loss of other species? This question
together with the history of being very vulnerable to the
forces of nature makes our species presently rather
insecure in dealing with nature. It should not be surpris-
ing therefore that political decision making regarding
the management, use and protection of nature is often
seen as erratic and irrational to the actors involved”. 

Against this backdrop he examined three main views of
nature: 
– the conservation view (conserving and restoring

according to some historical reference situation
[when everything was good, or much better than it
is today]);

– the development view (protection of existing nature
and development of new natural sites); and 

– the functional view (the value of nature is primarily
related to the welfare it provides for society [i.e. it
only has value if we find it important]).  

How we view nature affects our decision making
process. Prof. Vellinga called upon us to go for the
“win, win” option and not to see development as
being in opposition to conservation but to try to find
creative ways of doing both at the same time, what he
called “co-evolution”, “how to interact with nature, not
how to beat it”. This requires a deeper understanding
of the ecological processes. 

He feels that companies that are socially responsive
will in the long run create trust and win more work.
He identified the major environmental concerns for
CEDA as:
– Climate change;
– Loss of natural habitats (especially coastal);
– Water (water supply, water transport etc.);
– Pollution and polluted soils and dredged material.

In his epilogue Vellinga said:
“Dredging is easy, isn’t it? In my opinion, the real
challenge for your profession is how to meet the needs
of people in the field of shelter, transport, water and
natural habitats, while enhancing the quality of natural
systems and biological diversity”.  

This implies: adhering to the concept of co-evolution
and Triple P performance — Profit, Planet and People.
(Vellinga’s paper is presented in full in the Proceedings,
and in Terra et Aqua, nr. 88, June 2002, and is well
worth a careful read whether or not you agree.)

THE THIRD SESSION: FINANCE AND PUBLIC

PERCEPTION

The afternoon session was entitled Finance and Public
Perception and was chaired by Dieter Girsch of LMG-
Lubecker Machinenbau Gesellschaft, Germany. Papers
were presented by G. van der Starre, J Hazejager, and
H B Roos. 

G. van der Starre: The Role of Money
In his talk titled “Mud or Money, That is the Question”,
former Vice President of Structured Trade Finance of
ABN AMRO Bank, Netherlands, G.van der Starre
presented a banker’s view on the financial side of the
business of dredging companies working in a 
competitive international market. 
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Figure 6. Diagram of parties involved in an export financing of a dredging project.



was able to predict — the USSR collapsed. Could this
happen again? Looking at Argentina today one cannot
ignore the question. 

Van der Starre’s conclusion are valuable: 
– A contractor should consider whether a tender with

a financing paragraph is worth taking on if it is rather
sure that financing will not take place due to the
financial position of the potential client;

– Sales people should inform their financial people
thoroughly and early about a potential deal in order
to get a custom-made financial package, thus
enhancing the success ratio;

– Financing is not “a piece of cake”, so choose an
experienced banking partner;

– Port authorities should hire a bank as a consultant
for projects over US$ 30-40 million.

Clearly, he deems early involvement with a reliable
bank as an essential in the successful organisation of a
dredging project. Once again, as with environmental
assessments and public participation, paying attention
at the beginning of a project points the way to
smoother sailing.

J Hazejager: The Rise and Fall and Rise of Dredging
As Economic Editor of Algemeen Dagblad Netherlands,
Hazejager entitled his paper “Is Hansje Brinker 

Most dredging/reclamation contracts are done on a
cash basis. In the past nearly all harbour dredging and
reclamation works were done either on behalf of the
governments of countries or on behalf of government
entities, and guaranteed by the government itself or a
state bank. The assessment of whether the borrower
would be able to repay the loan was therefore not
difficult and the structure of the financing was straight-
forward.

Things have changed. Many harbours are privatised.
Where they are not, governments are often no longer
prepared to guarantee the obligations of lower govern-
ment entities. Some harbours view the BOT (Build-
Operate-Transfer) construction as the ultimate solution
for their cash-flow problems, “but a dredging firm is not
real estate investment company”. And an Export Credit
Agency (ECA) may be off cover and the development
bank probably has no intention of financing a project if
the debt burden of a country is already too high.Guide-
lines and a good overview of the parties involved in the
financing of a project are clearly necessary (Figure 6). 

The guidelines described by Van der Starre are based
on a number of examples, in particular the financing of
the Bahia Blanca project which involved agreements
between the Argentine government and that of the
USSR. Of course something happened that no one
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Figure 7. According to Roos, when ports such as Barcelona (pictured here) consider expansion they must take into account the growth
of external effects on the urban road network. The question of optimal ship size, port size and dredging services are interrelated. 



still alive?” and answered his own question with a
definite “Yes, not as a little boy with his finger in the
dike, but as the spearhead industry related to construct-
ing those dikes, harbours and artificial islands”.  

However, although it very much alive, apart from a few
notable exceptions of major “sexy” projects such as
the Eastern Scheldt storm surge barrier in the 1980s
and the more recent Hong Kong Airport of the 1990s,
the public shows little interest in dredging. In fact Mr
Hazejager thought that the public was much more
interested in the share value of a dredging company or
some scandal involving a director, than a positive story
about another successful completion of a project.

It seems that editors are busy people who don’t get
time to investigate dredging news. He blames the
dredging industry itself for the “unsexy” style and
quality of the press releases. These are the main
source of information for the press and only if it 
catches an editor’s eye is dredging likely to get any 
prominence. He also thought that we should not waste
our efforts preaching to other people in the industry but
rather make more effort to reach those who know little
about dredging. Better communication with the press
might be one way to achieve this.

H B Roos: A Long-term View of Ports and Dredging
Roos is at Erasmus University, Rotterdam and took a
look at the question of port development and the
demand for dredging in the long- term view. 
Neoclassical economic theory deals with the question of
optimal ship size and port size as an integrated problem.
Roos extended the model to deal with dredging.

If you think that ships are going to continue to get
bigger and that ports will get ever deeper and therefore
the need more dredging will continue, then now is the
time to think again. Studying a number of geographical
social and environmental factors, Roos looked, for
example, at increasing congestion and the increasing
pressure that it puts on the environment. With the
growing recognition of the need to conserve the
environment this in turn is already affecting future
development plans (Figure 7).

Because of its fixed investment character, port infra-
structure cannot be moved to other places. This means
that the market for port facilities is a buyers market.
Usually the shipping companies have more than one
choice, so ports have to attract shipping companies
with lower prices. Using Barcelona as an example,
Roos argues that port expansion will cause severe
growth of external effects on the urban road network.
Ports start to develop where initial infrastructure is
available, mostly rivers. When the port hinterland is
within reach of almost any place on the coast by rail or
road, ports start a competitive game and will try to gain
market share. Ultimately port activities will tend to be

offered everywhere alongside the coast. Incorporating
congestion effects into this model leads to even more
dispersion or “sprawl” of port services.  

Shipping companies are now looking for uncongested
solutions: short sea and barge transport. Without heavy
investments the great rivers of Europe will automatical-
ly become the arteries by which the hinterlands can be
reached. However, there are many movements to be
made on shorter distances to and from the port area.
Truck transport is the best option but will lead to
negative effects on seaport development.

Roos notes that seaport authorities such as Antwerp
and Rotterdam are now trying to invest in additional
railway capacity to minimise external effects and so to
get a larger share of the shipper/producers surplus. 
All of this would appear to indicate a trend for fewer
large and deep port dredging projects, but perhaps for
more smaller and shallower projects with a possible
need for more river navigation dredging. Time will
certainly tell.

Conclusion

The unique approach of the International Technical
Paper Committee was well worth the risk. This
became very clear during the final discussion and the
subsequent comments of delegates. These were
sometimes controversial and sometimes convincing
that yes, the dredging industry does have some things
to learn and to think about from people who are outside
of the industry but who come in contact with the
industry professionally and on a regular basis. One of
those points is that the dredgers should be involved at
an early stage when environmental assessments need
to be made. Another is the value of shared client-
contractor risks for mega-projects.

Though these presentations may not have caused an
experience of dramatic revelation, they certainly offered
enough to consider — from the role of dredgers in
environmental assessment of a project, to how to
finance a project to communication with the public, as
well as to the involvement of classification societies 
in the early design stages of shipbuilding. Early 
involvement be it of the public, dredgers, bankers or
classification societies, seem to sound a note. 

New information, especially if it is critical, may be
rejected. However, it often slowly seeps in and 
opinions are gradually shaped by the views that we
have been exposed to. Hopefully this experimental
Dredging Days 2001 will have achieved something of
that for most people that attended, including the 
speakers themselves.

Terra et Aqua – Number 88 – September 2002

22



EXPOSED COASTLINE MANAGEMENT IN

THE DEVELOPING WORLD

Problems associated with transient coastal sediment
dynamics caused by man in the developing world
(erosion and accretion in the wrong places) are 
increasingly affecting the environmental quality of
several of these coastal areas and the quality and life
style of the inhabitants (Hayes, 1984). This state of
affairs can be attributed to a poor understanding of the
relationship between the various elements that affect
the stability of the beach environment by the relevant
planning authorities. Data acquisition programmes for
parameters such as winds, nearshore currents,
bathymetry and so on related to defining beach states
are expensive. Developing nations are therefore unable
to provide an adequate data pool for studies on 
shoreline dynamics and coastal management. 
(Hayes, 1984; Awosika, 1992).

Abstract

The exposed coastline at the Victoria Island Barrier
Beach in Nigeria was replenished with sediment early 
in 1986. This was followed by a monitoring programme,
which investigated the behavioural characteristics 
of the beach, using beach sediment states defined 
from a beach state-time plot (s-t plot).

A Weibull distribution was used to simulate the 
recession limbs of the s-t plot. The resulting model
shape and scale parameters were computed for this
plot through a linear fit. A value of 90% was obtained
as a measure of model objective function. A regression
equation was derived which can be reasonably applied
to ungauged beach control volumes. The shape 
parameter showed a lower variability in comparison 
to the scale parameter for the two failure cycles 
investigated. Analysis of the beach states suggests
that initial estimates of the probability of beach state
failure were high. However, this probability reduced to
an apparent steady state as time increased within the
failure cycle.

Introduction

Sediment dynamics along a beach can be resolved into
three components:
(a) towards  the beach (resulting in accretion);
(b) away from the beach (resulting in erosion);
(c) along the beach (long-shore drift).

The driving force for the bulk mass transport of sand
(the primary sediment type found on most of the
worlds beaches) are the breaking waves, nearshore
currents and wind (SPM, 1977).  These parameters
interact with the boundary conditions imposed by the
beach shape to create a natural environment of more
or less dynamic equilibrium. The activities of man to a
large extent distort this state of equilibrium.

Evaluating Beach Sediment Failure States Along a Nigerian Coastline

Dr. Sika Orupabo
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A properly managed beach should have enough 
historical data to characterise the dynamics of the
beach sediments. Monitoring programmes to achieve
this objective are then usually set in place and in 
several instances, physical scale and other models
constructed to assess beach response to proposed
changes in beach dynamic parameters.

In Nigeria, for example, the phenomenal growth in
coastal economic and security activities, harbour
works, and other engineering schemes have invariably
reshaped the elements of the natural coastal matrix.
Socio-economic activities of the inhabitants of the
coastal zones here are largely centered on the coastal
environment. An unanticipated change in the economic
activities along this coastline has demanded that the
inhabitants change their life styles and their physical
environment.

Not until the altered beach states visibly become a
threat to the stability of the coastal zone will the 
relevant authorities show appropriate concern and, as
panic measures, go over the mistake again of altering
the prevailing beach state. A vicious cycle usually

ensues where a worsening beach state results in a
panic driven measure to alter the beach state parame-
ters, which may again produce some other undesirable
problems associated with beach state dynamics within
the given beach environment (Ibe, 1988).

For the analysis in this work, a co-ordinate system has
been adopted, where the Y component refers to 
sediment motion perpendicular to the shore (onshore/
offshore), the X axis is alongshore while Z refers to 
the height axis in an orthogonal system. The origin of
this local co-ordinate system is located at the 
backshore where conditions are considered to be
sufficiently stable. The extent of beach surveyed along
the X axis is a 10-km stretch over which ten shore
profiles were established. The profiles were sectioned
into 50-m intervals at the backshore along the average
disposition of the Y axis. As the shore is approached
and towards the waterline, the interval is reduced to
between 20 m to 5 m intervals to amongst other 
things properly capture the rapidly changing position of
the berm.   

Figure 1 is a schematic of this control volume (c.v.)
within this beach system. Within this system, diminish-
ing values of the Y component are indicative of the
threat of a migrating shore towards the structures and
facilities located at the backshore. 

SHORELINE DYNAMICS AT THE VICTORIA

ISLAND BAR BEACH

The Victoria Island Bar Beach (Bar Beach) in Nigeria
experienced severe beach depletion in 1986, which led
to a sediment replenishment programme by way of
pumping sand on the beach face (Figure 2). 
A monitoring programme followed immediately to
determine amongst other things:
(a) the dynamics of sediment redistribution within the

beach environment; 
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Figure 1. The Beach Control Volume (c.v.).
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Figure 2. Victoria Island Bar Beach, Lagos, Nigeria, showing rock boulders placed along normal shoreline to reduce longshore sand
transport away from the beach.



incident at an oblique angle with respect to the average
disposition of the shoreline. Longshore currents are
created with associated longshore sediment transport.
St then describes the quasi stable states of the beach
as a result of sediment redistribution processes within
the c.v.

THE OBSERVATION PROGRAMME

Figure 3 is a schematic diagram of the site at the 
Victoria Island Bar Beach over which beach states were
monitored by survey base line techniques (Emery,
1961). The seaward boundary of the control volume
which corresponds to minimum k was chosen to
coincide with low water mark at low tide and as far as
the wave breakers will permit for safe observation. This
boundary of the c.v. defined the seaward limit of
onshore-offshore sediment distribution within the c.v.
The boundary along the direction of increasing k 
coincides with the crest of the berm.

Consider the segment bounded by the grids j, j+1
along the X axis and k, k+1 along the Y axis. The
dimensions of this segment are denoted by dX and dY
along the X and Y axes respectively. In practice, spot
heights are obtained at the nodes of the segments:

dZj,k ,dZj+1,k ,dZj+1,k+1 , dZj,k+1 .

A mean height dZ for epoch t  is computed as:

dZ =  (dZj,k + dZj+1,k + dZj+1,k+1 + dZj,k+1)
[1]

So that the volume of material within the elemental
segment dV is: 

dV = dY.dX.dZ [2]

(b) the location of the shoreline in time and as a 
consequence;

(c) the integrity and stability of the structures of 
economic value  located immediately at the 
backshore.

The elemental portion of beach shown in Figure 1 is
chosen such that impulse and response parameters
acting on it can be resolved in space and time. Working
with this model control volume (c.v.) of beach, instead
of large portions of the beach, helps to ease analysis
but does not result in any loss of generality in the
results obtained for global application (Pilkey et al.,
1994).

The response of the c.v. to the more or less random
excitation parameters – waves, nearshore currents and
wind – is its transition in profile over time (Sonu and
James, 1971). The beach may respond by transiting
from one accreting state St to another or to an eroding
state. On the other hand, an eroding beach may
accrete over time or the sequence of erosion may be
continued. These quasi-stable beach states are as a
result of the bulk movement of sand into or out of the
c.v. (Le Mehaute et al., 1981).

St can thus be resolved into:
(a) failure states St

f when St transists into an eroding
cycle and remains in this state;

(b) accreting or quasi stable states St
b.

St
b causes no anxiety unless accretion occurs in the

wrong places. Now it is important to take a closer look
at the statistical behavior of St

f over time. 

The c.v. can be said to be in stable equilibrium if the net
cross-shore sediment transport is zero. However, the
waves that arrive at the Victoria Island Bar Beach are
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Figure 3. Control volume with grids and heights.
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The volume of material recorded for the epoch t for the
c.v. is obtained through:

V = [3]

where m and n represent the number of grids along
the X and Y axes respectively.

The resulting volume V between adjacent transects Vj ,
Vj+1 can now be normalised by:

normalised V =    = V/ [4]

The beach state St is then given as a summation:

St = [5]

The St array is averaged over one-month intervals to
obtain the Beach State in units of m3/m-month.

Figure 4 shows the resultant state-time plot (the s-t
diagram) for the observations at the Bar Beach, which
lasted from March 1986 to January 1988.

THE FAILURE STATES

The s-t plot of Figure 4 is composed of falling limbs and
rising limbs. Under “Shoreline Dynamics…” above the
falling limbs have been defined as definitive of beach
failure states St

f. These are the instances when 
sediment state on the beach face are apparently in a
recession cycle and the resolved shoreline location 
in the X and Y co-ordinate system migrates towards
the backshore. 

The probability of system failure at any time, up to 
time t is usually described in terms of its cumulative
frequency distribution F(t) and probability density 
function, f(t). 

F(t) and f(t) are related through:

F(t) = [6]

Also related to the cumulative distribution F(t) are the
reliability functions R(t) and the  conditional failure rate
functions, or hazard functions Z(t). These relationships 
are expressed by:

R(t) = 1– F(t) [7]

and

Z(t)  = _______ [8]

Considering that a system state is stable up to time (t),
Z(t) measures the likelihood of failure in the interval 
(t + �t)

Weibull model representations of the distributions Z(t)
and R(t) according to  Chatfield (1981) are given by the
relationships:

Z(t) =   m t m-1 [9a]

R(t) =  e-�tm [9b]

The applicable dimension of the shape parameter m
allows for dimensional correspondence for equation 9a.
� is a scale parameter.

An expression can be derived for R(t) from the forego-
ing relationships thus:

ln (–ln R(t) ) =  m ln(t) +  ln(�) [10]

Let n here denote the data points for the historical data
along the time axis. The system is stable or did not fail
up to time t = tk

Let tk+i denote the ith system failure. An unbiased
estimate for the reliability function is:

R (tk+i ) = ----------- [11]

Combining equations (10) and (11), we obtain 

ln =  m ln(t) + ln (l) [12]

A plot of equation 12 with ln(t) on the X axis is present-
ed in presented in Figure 5. Values obtained for m and
� are given in Table I.
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Figure 4. Normalised beach states (s-t plot) for Victoria Island
Bar Beach.
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for Weibull distribution.

m �
1.63 0.0019                    

f(t) can now be expressed in the form

f(t) =m tm-1 exp(-�tm ) [13]

Given that the beach state was stable, or did not fail up
to time t = tk the  probability that it fails P(f) in the
interval  tk and tk+i (i = 1,2, ….n) is given by

P(f) =  =   �tm-1 exp (-�tm ) dt [14]

tk represents the onset of beach failure while m 
represents total time within the failure cycle.

Conclusion

The behavioural characteristics of the Beach State
within the 22 months of historical records show two
failing states corresponding to the two recession limbs
of Figure 3. Both recession limbs terminate between
October/November, marking the end of the rainy 
season. The beach recovers in the succeeding dry
season months. This sequence of beach transitions can
be attributed to incident wave activity — the driving
force responsible for littoral drift. The waves 
approaching this typical Gulf of Guinea coastline are
produced predominantly by the south-south-westerly
winds which are more pronounced during the rainy
months of the year (Ibe et. al., 1985).

Beach failure can be modelled by a 3-parameter
Weibull distribution, m, l and n. The additional 
parameter, designated n, in equations 11 and 12 can
take on a value between 2 to 6 months. It represents
the lag between successive failure/recovery beach
cycles. The measure of model performance, objective
function R2, gave a value of 90%. The resulting simple
linear regression equation can now be used for 
investigating the nature and extent of failures during
beach recession cycles.

References

Awosika, L.F. (1992).
“Coastal Erosion in West Africa; Causes, Effects and Response

Options”. Paper presented at an International Conference on

the Rational Use of the Coastal Zone. Bordeaux, France. 

30 Sept - 3 October.

Evaluating Beach Sediment Failure States Along a Nigerian Coastline

27

Figure 5. Estimating parameters of the Weibull distribution.



Dredging for Prosperity
Proceedings, Western Dredging Association, Twenty-
second Technical Conference and Thirty-fourth Annual
Texas A&M Dredging Seminar, June 12-15, 2002,
Denver, Colorado. Center for Dredging Studies, Texas
A&M University, College Station, Texas (CDS Report
No. 375). Softcover, 289 pp, illustrated. 

Edited by Dr. Robert E. Randall

These proceedings have been a hallmark of dredging
technology literature for almost three decades. 
The combined meeting of the Western Dredging
Association and the Center for Dredging Studies, 
Texas A&M University has proven to be a valuable
lasting partnership. The 2002 event sustains this part-
nership and results in the presentation of a total of 
22 contemporary technical papers, 13 in the WEDA
portion of the proceedings and 9 in the Texas A&M
portion. In this instance the Permanent International
Association of Navigation Congresses (PIANC) joined
these traditional partners in sponsoring the conference.

The scope of the papers in both sessions is broad,
varying from the theoretical analyses to case studies
and summaries of long-standing dredging research
programmes. Likewise, the participants represented
European, United States, Canada and Middle Eastern
projects or organisations, thereby giving a valuable
international flavor to the proceedings. The inclusion of
keywords for each paper makes them particularly
suitable for subsequent literature retrieval efforts and
is to be commended. Of special note are the extensive
references accompanying many of the papers.

The Dredging Seminar papers are naturally the more
academic flavoured of the total complement of the
proceedings, although the two papers with a case-
study format fit neatly and complement the proceed-
ings. The US Army Corps of Engineers’ paper that
summarises thirty years of dredging research by the
Corps is of special note. Likewise, the excellent paper
on the use of geotechnical tubes to underpin a large
reclamation and development project in Bahrain should
advance this methodology generally.

The papers in the WEDA portion of the proceedings
have a definite environmental slant, although there is a
fine paper on the last mining dredger in the US, in the
State of Colorado. It should be useful to the general
readership and particularly those national regulators to
have the report from the National Dredging Team in the
United States. This multi-agency national governmental
team presented its first findings in 1994. This paper
presents the action agenda from a workshop held in
January 2001.

Also included in the WEDA papers are several dealing
with contaminated sediments, remediation and the
effects of sediments in the aquatic environment. These
papers add valuable data to the overall thrust of dredg-
ing as a effective remediation method for contaminated
sediments and the use of confined aquatic disposal
(CAD) as an environmentally and economically viable
solution to the disposal of contaminated sediments. 

Finally, there is a paper on the use of autonomous
underwater vehicles for surveying and monitoring
dredging projects. This should arouse the interest of
consultancies, contractors and academicians.

In summary, these proceedings are another valuable
building block for those involved in almost any phase of
dredging. The site-specific papers have broader applica-
tions to other similar situations and should be useful far
beyond their geographical confines.  

This publication can be obtained from:
Center for Dredging Studies
Ocean Engineering Program
Civil Engineering Department
Texas A&M University
College Station, Texas 77843-3136 USA
email: r-randall@tamu.edu or

Executive Secretary
Western Dredging Association
P.O. Box 5797
Vancouver, Washington 98668 USA
email: weda@juno.com
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other successful conferences in Amsterdam, 
Copenhagen and Rotterdam. It will include a major
exhibition of equipment and services as well as visits
by specialist survey vessels. 

The focus will be on key policy and technical issues
affecting future global hydrographic develoments and
requirements. Topics include: bathymetry, coastal zone
management and protection, data management, 
education and training, electronic charting, GIS, 
pollution monitoring and control, port traffic control and
positioning.

For further information contact:
Congress Office Hydro 2002
Wischhofstr. 1, Geb.11
24148 Kiel, Germany
tel. +49 431 720 720-4, fax +49 431 720 720-5
Congress Administration:
Torsten Turla t.turla@hydro2002.org
Gesa Jütting: g.juetting@hydro2002.org

CEDA Dredging Days
Casablanca, Morocco

October 22-24 2002

For the first time in its history, the CEDA Dredging
Days will be held outside Europe. The event is being
organised in Casablanca to celebrate the creation of the
North African Section and the theme will be “Dredging
Without Boundaries”. Topics include: dredging philoso-
phy; legislation; environmental and economic aspects
of dredging; tendering procedures; pre-dredging
survey; dredging equipment; capital and maintenance
dredging operations; mining and beach nourishment;
case studies; beneficial use of dredged materials and
education and training.

An Academic Hour will beheld as a special session to
support young professionals, faculty and students.
Especially those from the region are encouraged to
participate. The International Association of Dredging
Companies will present an IADC Award for the best
paper by a younger author.

Seminars/Conferences/Events
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Seminars/
Conferences/
Events
30th PIANC Navigation Congress

Sydney, Australia
September 22-26 2002

The Organising Committee, under the auspices of
PIANC and the Institution of Engineers, Australia, and
with support from government, industry and academia,
is presenting a conference which will focus on the
following topics: 
– How to guarantee sustainable navigation; 
– Environmental issues, such as habitats, 

management of world heritage areas and 
stakeholder consensus; 

– Policy issues, such as the role of public and private
sectors in port development; 

– Inland waterways transport including assessment of
needs and technical and economic problems; 

– Port issues, such as revitalisation and port planning
and operations; and 

– Issues related to ships and fairways.

An IADC Award for the best paper written by a younger
author will be presented at this conference by the
International Association of Dredging Companies.

For further information please visit the Australian
Organising Committee homepage:
www.tourhosts.com.au/pianc or contact:
PIANC, General Secretariat
Graaf de Ferrairis - 11th  Flr.
20, Boulevard du Roi Albert II,
1000 Brussels, Belgium
tel. +32 2 553 7160, +32 2 553 7155
email: info@pianc-aipcn.org
Web: www.pianc-aipcn.org

HYDRO 2002, Sounding the Future
Kiel, Germany

October 8-10 2002

This is the 13th Hydrographic Society Biennial Interna-
tional Symposium organised in association with the
German Hydrographic Society. It is the fourth HYDRO
to be held outside of the UK, following in the path of



For further information contact:
CEDA Secretariat, Anna Csiti
P.O. Box 488, 2600 AL Delft, The Netherlands
tel. +31 15 278 3145
fax +31 15 278 7194
email: ceda@dredging.org      or,

CEDA North Africa Secretariat, Dounia Gharbi
c/o: Dragage des Ports S.A.
5 Rue Charajat Addor, Quartier Palmier
Casablanca 20100, Morocco
tel. +212 22 95 91 00, fax +212 22 23 26 00
email: gharbi@drapor.com
www.dredging.org/Morocco/2ndann/menu.htm

European Conference on Dredged Sludge
Remediation

Hilton Hotel, 
Rotterdam, The Netherlands

October 30-November 1 2002

The conference is being organised by “Stichting Klasse
4" -- Class 4 Foundation -- which presents a platform for
discussions about the possibilities of turning 
contaminated harbour and river sludge into useful
building materials. The foundation has organised two
national conferences in 2000 and 2001 where national
developments and policies of environmentally sound
remediation of contaminated dredged sediments were
discussed. Following up on these conferences, 
the 2002 European Conference will look at international
developments in relation to current policies, political
ambitions and technological advancements.
Site visits to Boskalis Dolman Schiedam, 
De Slufter and VBM Maasvlakte will be offered.

For further information contact:
Stichting Klasse 4 PO Box 18
3830 AA Leusden, The Netherlands
tel. +31 33 434 3500
fax +31 33 434 3501
email: info@klasse4.nl
www.klasse4.nl

Exposhipping ‘02
Istanbul, Turkey

October 30-November 3 2002

The maritime sector in Turkey has developed 
considerably in the last decade and this 7th 
International Maritime Trade Fair and Conference
reflects that growth. 
Exhibitors will include: shipbuilders, manufacturers of
equipment engineers, pumps and providers of port
services, environmental protection, researchers,
finance and insurance. International companies will find
the opportunity to establish relationships with Turkish

and other companies. The Exhibition is supported by
the Turkish Chamber of Shipping, ITO Istanbul Cham-
ber of Trade and ISO Istanbul Chamber of Industry. 

For further information contact:
Istanbul Fuarcilik A.S.
Att: Mr. Tolga Beyas
tel. +90 212 663 0881
fax +9-0 212 663 09 73 or 74
email: tolga.beyaz@itf-exhibitions.com
www.itf-exhibitions.com

The International WorkBoat Show
Ernest Morial Convention Centre

New Orleans, Louisiana, USA
December 4-6 2002

Produced in partnership with WorkBoat magazine and
held annually in New Orleans, Louisana, the Interna-
tional WorkBoat Show is the largest event of its kind in
the world. It is the leading commercial-marine event
serving commercial vessel operators on offshore,
inland, and coastal waters and businesses that provide
products and services to these markets.

For further information contact:
William Drost
tel. +1 207 842 5558
fax +1 207 842 5509
email: wdrost@divcom.com
www.workboatshow.com

13th International Harbour Congress
Provincial House, Antwerp, Belgium

March 30-April 3 2003

The Sections on Harbour Techniques, Environmental
Technology and Safety of the Technological Institute of
the Royal Flemish Society of Engineers are jointly
organising this Congress. It will focus on port engineer-
ing, environment and safety.
The technical sessions will be structured around these
major programme topics, several of which will be
treated by keynote speakers. During the working 
sessions, the authors of the accepted papers will give
brief lectures with additional information, and 
comments afterwards by a discussion panel and 
the floor.
The Congress will be preceded on Sunday March 30 by
a one-day Seminar on “European port and water traffic
regulations and programmes”. The Congress itself will
run from Monday March 31 to Wednesday April 2, with
technical visits planned for Thursday April 3 to other
sea and inland harbours, terminals under construction
and port related environmental applications.
The 10th International Harbour Exhibition will be held
simultaneously with this Congress.
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industry, dredging and ports. Many countries have once
again made arrangements for national pavilions where
their companies can join forces and exhibit together. 

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

As is customary the CEDA Dredging Days will also be
held during Europort 2003 on 20-21 November. 
The conference will focus on the use of dredged sedi-
ments as primary and secondary construction material.

For further information contact:
www.europort2003.com

World Dredging Congress XVII
Congress Centrum, Hamburg, Germany

September 27-October 1 2004

Every three years leading experts meet in a different
part of the world for the World Dredging Congress
(WODCON). The congress is held under the auspices
of the World Dredging Association which is comprised
of the WEDA, CEDA and EADA. In 2004 it will take
place in Hamburg, organised by CEDA and co-spon-
sored by the Ministry of Economic Affairs, Free and
Hanseatic City of Hamburg, and the Department of
Port and River Engineering and the Shipbuilding,
Machinery & Marine Technology International Trade
Fair (SMM 2004) which will run simultaneously.
The programme will consist of Technical sessions 
with high quality peer-reviewed papers and a special
Environment Day focussed on environmental 
challenges and solutions. An Academic session, with
contributions by young scientists, continues CEDA’s
support of young professionals. Technical visits in 
and around Hamburg including views of the Port of
Hamburg are planned.

To receive further information contact:
www.woda.org   or
CEDA, P.O. Box 488,
2600 AL Delft, The Netherlands
tel. +31 15 278 3145, fax +31 15 278 7104
email: ceda@dredging.org
www.dredging.org

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

OI Americas 2003
Morial Convention Centre

New Orleans, Louisiana, USA
June 4-6 2003

After the success of Oceanology International in 
London in March of 2002, the marine science and
ocean technology industries are now turning their
attention to the Americas in the form of OI Americas,
the Second Joint Ocean Forum. This follows the
promising debut of Oceanology International Americas
in Miami, Florida in 2001.

Moving the exhibition to New Orleans takes exhibitors
straight to the heart of the US offshore oil industry,
close to survey, charting and mapping companies. 
It also opens the convention to emerging South 
American shipping and port development sectors. 
In addition, a full programme of technical and scientific
conferences and workshops will run alongside the OI,
coordinated by The Oceanography Society. 

Early-bird discount rates are available for companies
reserving space prior to September 1st 2002.

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

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

Pre-Announcements
Europort 2003

Rai International Exhibition Centre
Amsterdam, The Netherlands

November 18-22 2003

The Europort Exhibiton is one of the largest trade
shows for the international maritime industry and is
held every two years in Amsterdam. The trade exhibi-
tion covers all sectors of the maritime industry such 
as seaborne shipping, inland shipping, the offshore

Seminars/Conferences/Events
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Day 1: Why Dredging?
The Need for Dredging/Project Phasing

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

Day 3: Cost/Pricing and Contracts
Day 4: Preparation of Dredging

Contract
Day 5: How Dredging?

Dredging Projects

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 31, 2002, 
and return to:
IADC Secretariat, Duinweg 21,
2585 JV The Hague, The Netherlands
tel. +31 70 352 3334, fax +31 70 351 2654
e-mail: info@iadc-dredging.com

Place: Hotel Grand Plaza Parkroyal,
Singapore

Date: October 28 - November 1, 2002

In cooperation with the National University of Singapore
(NUS, International Association of Dredging Companies
is pleased to organise, an intensive, one-week seminar
on dredging and reclamation.

The course has been held for several years and has
been met with such enthusiastic response, that IADC,
building on this success, has decided to present this
seminar again in 2002. The costs are US$ 3175, which
include six nights accommodation at the conference
hotel, breakfast and lunch daily, one special participants
dinner, and a general insurance for the week.

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

International Seminar on
Dredging and Reclamation

(please print)

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

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

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

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

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

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

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

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

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

�� A Cheque is enclosed.

�� Please charge my credit card:

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

Account no.:

Expiry date: Card validation code:

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 Westminster Dredging and Marine Ltd., Lagos, Nigeria

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

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

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

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

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

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

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

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

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

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

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