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EDITORIAL

Dredging and the environment were key areas of discussion at the WODCON
meeting in Hamburg this autumn. In fact a whole day was devoted only to the
environment, not to mention all the articles that touched in one way or another 
on environmental consequences of dredging, new legislation in Europe and the
United States, environmental dredging techniques and equipment and much more
(see page 33). To sum it up: The basic message in Hamburg was loud and clear:
care for the environment is not a separate issue but is interwoven into everything
we do: “Everyday is Environment Day”.

As we look back at the contents of Terra et Aqua over the last decade, we can
only underline this message. Not only has the dredging industry’s concern and
consciousness about the environment grown over the years, but its time, energy,
and financial and personnel investments in pursuing sustainable development have
been unwavering. Dedication to finding innovative solutions for difficult situations
has been a constant and underlying focus of the industry. Alongside considerations
of economic betterment, a whole range of planning and monitoring methods have
been instituted — from the northern tips of Europe in Scandinavia to the far
reaches of Asia. 

For this reason the IADC was pleased to present its award for a young 
author to Dr. Elijah Ohimain whose paper (on page 9) describes the interaction 
of dredging and environment in the Niger Delta, where experiments in 
mangrove restoration are being carried out. Similar activities are discussed 
in Marian Geense’s article on wetland restoration. In both cases, achieving 
a balance between economic and ecological interests is the goal — an indication 
of the capability of our industry to innovate and break new grounds. 

Speaking of breaking new grounds, IADC is moving offices. Though the new
building is not on newly dredged land, the move is one of renewal. Of course the
same trusted old friends, with a sprinkling of new faces, will be on hand to assist
one and all as 2005 approaches, bringing with it an exciting moment of change for
the IADC. 

Robert van Gelder
President, IADC Board of Directors



Abstract

The original installation of the “Eemszinker” pipeline
took place in the mid-1970s but over the past 30 years
the river’s strong currents have exerted a powerful
scouring effect along the edge of the sandbank. 
This resulted in the recurring exposure of a 500 m
section of the pipeline. A project to deepen a section of
the strategic, 42 inch pipeline bringing gas from
Norway to The Netherlands, where it crosses the river
Eems was undertaken by four consortium partners,
Boskalis BV, Visser & Smit Hanab BV (V&SH), 
Van Splunder Funderingstechniek and Rederij Waterweg.

In order to protect Eemszinker, it was decided to lower
the live Eemszinker into a new and deeper trench. 
This is believed to be the first deepening project
involving mechanical excavation with a major gas line
remaining live throughout the operation. The success
of the operation was largely possible as a result of the
extreme accuracy and reliability of the dredging equip-
ment’s positioning systems. The ability to perform the
deepening task with the gas line remaining live meant
no disruption of supplies to Eemshaven’s gas-fired
power stations and the Dutch gas grid.

Introduction

Norwegian gas from the Ekofisk Field lands at Delfzijl,
in the north of The Netherlands. The Eems crossing
links Phillips Petroleum’s gas cleaning and drying plant
at Rysumer Nacken, on the German bank, to Delfzijl
and the Dutch national gas grid. The ability to perform
the deepening task with the gasline remaining live
meant no disruption of supplies to Eemshaven’s gas-
fired power stations and the Dutch gas grid.

During the original installation of the “Eemszinker”
pipeline in the mid-1970s, Boskalis played a major role.
This pipeline traverses the morphologically active Eems
estuary over a distance of 4 km. The pipeline crosses
both the Oostfriesche Gaatje shipping channel and the
shallows of the Paap sandbank.
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Dieuwertje Klazinga

After receiving her degree in 2000 in
Civil Engineering from the Delft
Technical University, Dieuwertje
Klazinga joined Boskalis’ in-house
engineering company Hydronamic bv.
As a project engineer, she is involved
in engineering activities during the
design, preparatory, and execution
phases of a project. At the Eemszinker
project she acted as site engineering
manager.

Frank Stikkel

After receiving his degree from the
International Agricultural College/Land
& Water Management, Frank Stikkel
joined Royal Boskalis Westminster
Group as assistant superintendent in
1980. Since then he has worked on
numerous dredging projects worldwide
and is presently a senior Project manager.
On the Eemszinker project he was
responsible for all the dredging and
backfilling works. Presently he is
working at a Boskalis project in 
Kazakhstan.

Over the past 30 years the river’s strong currents have
exerted a powerful scouring effect along the edge of the
sandbank. This has resulted in the recurring exposure
of a 500 m section of the pipeline. In order to protect
Eemszinker and prevent the development of free spans,
a succession of protective layers — stone, sandbags
and screens — have been laid over three decades. 
This material has accumulated to the point that, in
effect, a 560 m long “dam” has been created. This is a
significant navigational obstruction in an area where the



surrounding seabed has eroded to a level some 10 m
deeper. The solution adopted involved lowering the live
Eemszinker into a new and deeper trench, 900 m in
length and dredged to a level below the calculated
future scour level (Figure 1).

PROJECT PREPARATION

During the first quarter of 2003 Gas Transport Services
(a subsidiary of Gasunie) awarded the Eemszinker
deepening contract to main contractor Visser & Smit
Hanab BV (V&SH). The works, completed in late 
September of 2003, were undertaken by a consortium
involving V&SH, Boskalis BV, Van Splunder Fundering-
stechniek and Rederij Waterweg. Prior to the execution
of this project, the navigational clearance over the
pipeline was between 5 m and 9 m. With the deepen-
ing works successfully completed, largely possible as a
result of the extreme accuracy and reliability of the
dredging equipment’s positioning systems, the naviga-
tional clearance over Eemszinker is now 20 m.

Boskalis was responsible for the positioning, survey
and dredging works, whilst V&SH’s main task was to
position and lower the pipeline into the deepened
trench. Van Splunder Funderingstechniek carried out
the pile-driving for a series of pipeline support/lowering
stations, whilst Rederij Waterweg provided the water-
borne logistics, performed local dredging works associ-
ated with the piling, and otherwise prepared the pile
locations.

Work on deepening the 42 inch gas line began in
March, immediately following the contract award.
Conditions on site were difficult, with the river’s 4 kt
current increasing to 6 kts over the Eemszinker
obstruction. Prior to the commencement of works, 
a number of engineering solutions were explored. 
They included the installation of a new Eemszinker, 
tied into the existing line on both banks. For this event,
however, a fully developed and convincing safety case
was instrumental in the client’s decision in favour of
the positioning and lowering of the existing gas line, 
in the live condition, into a deeper trench. 

The main works began with the removal of scour
protection at several locations, so as to locate the
pipeline with precision. Over 20 support frames were
then constructed at 40 m intervals, so Eemszinker could
be attached both horizontally and vertically (Figure 2).

The remaining scour protection was then removed and
the new trench dredged. In the final phase, the pipeline
was lowered in a safe, controlled manner. The project
was completed with part-backfilling of the deep section
of the trench with stones and the removal of the sup-
port stations. This solution’s safety case relied heavily
on high precision working with a cutter suction
dredger, a large backhoe and other heavy equipment
(Table I).

SITE SAFETY STRATEGIES

The client had two primary requirements: guaranteed
continuity of gas supply and, in addition, a controlled
and safe working method. This was a challenging
operational environment and the selection of the work
method was influenced by the exceptionally high
current velocities over the top of the “dam” and, sec-
ondly, the presence of very stiff to hard clays beneath
the pipeline.

The Eemszinker work method had eight distinct phases:
– Local removal of scour protection, using an airlift. 

By this means, the pipeline was located without 
the risk of damage associated with mechanical
intervention.

– The construction of the pipeline support stations.
– The attachment of the pipeline to the support

stations.
– Removal of all remaining scour protection.
– Dredging the trench beneath the suspended

pipeline.
– Lowering the pipeline.
– Backfilling the trench (partly).
– Removal of the support stations.

Hydronamic, Boskalis’ in-house technical consultancy,
undertook the dredging-related engineering during both
the project preparation and execution phases. Its work
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Figure 1. Location map of the Eemszinker gas line in the north

of the The Netherlands.



dredging must stop. A Hydronamic site engineer was
responsible for compliance with the HSE Plan. Hydro-
namic also carried out regular measurements, to verify
estimated sedimentation rates, and developed the
safety contours for all equipment deployed for the
various dredging tasks.

REMOVING THE “DAM”

Consortium partner Waterweg used an airlift system
for local removal of the protective layer, to reveal the
gas line. Mattresses laid at some locations were
recovered with diver assistance. Additional work was
carried out at the piling locations for the pipeline sup-
port stations, which also carried the lowering system.

The large backhoe Rocky from Boskalis Sweden dealt
with much of the 35,000 m3 of bottom protection
removed. The dredged material was dumped into split
barges, for transport to the site’s underwater tempo-
rary storage area. The removal of bottom protection
material from kp 1.250 to kp 2.060 allowed the
progressive natural erosion of the “dam”. Rocky was
positioned on three spuds (a toppling spud at the stern
and two fixed spuds amidships) and was manoeuvred
into position by a Multicat support vessel. 

was related to soil data interpretation, velocity mea-
surements and the calculation of sedimentation and
erosion rates. The results allowed V&SH to calculate
critical strength values for the live gas line and, in turn,
the strength requirements for the support stations to
be established along the trench line. Another important
task was the qualitative risk assessment, which set out
all risks and associated mitigating measures. 

This provided the essential data required by Gasunie to
make successful applications for the necessary permits
and licences to proceed with Eemszinker in the live
condition.

All project activities were subject to the provisions of 
a detailed Health, Safety and Environmental Plan. 

Physical arrangements included the red Gas Alarm
button on the bridge of every vessel. If pressed, this
immediately activated acoustic and light signals on
board all other vessels. Other safety provisions, for
example, related to methods for the repositioning of
the large backhoe dredger deployed. The HSE Plan
specified repositioning only during low current veloci-
ties. The plan also required the daily calibration of all
positioning systems installed on the dredge vessels. 
A clear set of circumstances was defined under which

Figure 2. Support frames for holding the pipeline during dredging works as well as for during the lowering of the pipeline. 
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Backhoe dredger Rocky removal scour protection and dredging around the supports
Cutter dredger Jokra bulk dredging of the new trench

Suction dredger Nordland dredging final trench profile

Crane barges Strekker and Kreeft trench backfill

Table I. Utilised dredging plant.



The project team performed exhaustive site surveys,
locating the position of the gas line with great precision.
The principal survey work platform was the shallow
draught Coastal Surveyor 2. The tasks opened with the
pre-dredge survey, followed by the monitoring of
progress in removing bottom protection materials,
trench dredging and, subsequently, backfilling. 
The survey team also verified the proper functioning of
positioning systems. An office-based differential GPS
monitoring system was established, to activate an
alarm should deviation exceed 10 cm in either X, Y or Z

modes. The survey tools included the GPS/KART
system and an attitude sensor mounted on a jet lance.
The latter equipment, used to probe into the river
bottom, functioned well at depths exceeding 20 m.

The GPS/KART system providing horizontal control
utilised a permanent base station signal from Rijks-
waterstaat’s offices at the Eemsmond Building in
Delfzijl. This is located just 4 km from the work area.
Whilst GPS/KART also provided the vertical positioning
of floating equipment, this was supported by a second
system based on a radio tidal transmitter, again situated
close to the site – at the Landestelle Jetty. The echo-
sounders employed consisted of Kongsberg Simrad
EM 3000 multibeams and Atlas Deso 17 single beams.

THE DREDGING WORKS

Engineering feasibility studies had demonstrated that
22 support/lowering stations were required (most at 
40 m centres). The backhoe Rocky, with a 7.5 m3

bucket, removed the bulk of the accumulated scour
protection (Figures 3 and 4). This backhoe was selected
because of its ability to dredge with extreme accuracy
in close proximity to the pipeline. Some 30,000 m3 of
stone had been removed by late June 2003. The
recovered material was transported by the split barges
to the temporary stockpile, located against the slope of
the Paap sandbank, around 1.5 km from the main
works. Later, this stone was recycled and re-used in
the trench.

The bulk dredging for a new and deeper trench was
performed by Jokra. This cutter suction dredger repre-
sented a high production solution. Jokra was equipped
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Figure 3. The large backhoe Rocky working very near to the gas line.

Figure 4. Close up of the bucket of the Rocky.



Hirdes, for the removal of siltation material from the
trench. Nordland was equipped with a dustpan head
and two jet nozzles. It removed all sandy material
remaining under the Eemszinker and achieved the 
final trench profile. Finally the backhoe Rocky, now
equipped with a longer boom and stick as well as a
smaller bucket (to allow dredging to 24 m), was called
in to assist when areas of very stiff clay were
encountered. The backhoe’s high precision work 
was particularly valuable in areas difficult to reach, 
such as between the piles of the support structures.

with a 1,000 m x 700 mm discharge line running to the
spreader pontoon Vulcanus. The latter distributed
dredged material over two disposal sites, on either side
of the trench. Jokra was positioned on one spud and
two side anchors. The dredger also had a back-up stern
anchor in place during dredging and relocation
upstream from the pipeline (Figure 5).

Jokra was rigged to work at the specified maximum
depth of 24 m. The main dredging of the trench was
completed by mid-July 2003, with some 360,000 m3

of material pumped to the two disposal locations on
the sandbank. Jokra began by dredging two access
channels on either side of the pipeline, in the shallow
area of the works. Bulk dredging of the trench then
commenced from the deep sections to the shallow
area.

Each of the stations for supporting and lowering the
gas line consisted of two piles, situated on either side
of the trench line. The piles carried a steel deck and
hoist system at a position above the river surface. 
The exposed pipeline was supported by a bracket
around the lower circumference, linked to an upper
cradle. This assembly was connected to the hoist by 
a lifting sling. In addition, side slings were connected 
to the piles, to provide the required stability during
dredging and lowering operations. All 22 support/
lowering stations had been installed by late May 2003.

With the main dredging works completed by Jokra, 
a series of other dredging tasks were undertaken.
These involved the suction dredger Nordland,
mobilised by Boskalis’ German subsidiary Heinrich

Eemszinker: Safely Trench Dredging a Live Gas Line

7

Figure 5. The bulk dredging for a new and deeper trench was performed by the cutter suction dredger Jokra.

Figure 6. The suction dredger Nordland was mobilised by

Boskalis’ German subsidiary Heinrich Hirdes for the removal 

of siltation material from the trench.



The lowering phase was performed over a three-day
period by V&SH. This was achieved by a special
hydraulic system and the gas line was in the newly
deepened trench by early August 2003. The next step
was to backfill the deep part of the trench with retained
stone (primarily Norwegian granite/basalt). Piles were
then pulled and all de-rigging completed. The remaining
section of the trench was left to fill naturally.

ENHANCED CRANE MONITORING SYSTEM

The continued integrity of the live gas line, together
with safe working of heavy equipment in close 
proximity, were the priorities throughout the project.

Extreme care was taken to avoid damage to the
pipeline. With this in mind, all vessels were equipped
with back-up stern anchor winches, for use when
working upstream of the pipeline. The backhoe Rocky
could work with confidence close to the gas line thanks
to an enhanced crane monitoring system (CMS). 

The design of a sophisticated electronic positioning and
automatic override systems contributed to safe and
efficient working around the live gas line.

The control solution had three main components:
continuous checking of the quality of the differential
GPS/KART position and comparison of the output from
two receivers; feedback from an acoustic profiler, for
checking the actual position of the pipeline underwater;
and the highly accurate positioning control of the
equipment when working close to the safety margins.
Contact between equipment and pipe was avoided at
all times.

Rocky’s enhanced crane monitoring system (CMS) 
can model a 3-D free-hanging object in association with
the surrounding safety contour. The display presents
bucket position in X, Y and Z relative to pipeline, piles
and required trench level. The backhoe’s systems
included the CMS, a TriTech Superseeker DFS
pipetracker (to relate bucket position to actual pipeline
position), an Aquarius MK 5002 KART receiver, a NR
203 DGPS receiver and a Van Essen RGC 920 tide
receiver. In the event that any part of the backhoe
threatened to penetrate the safety contour, the CMS
would automatically intervene and alter the movement
to preserve the contour, without jamming the back-
hoe’s hydraulic systems. Advanced control systems
were also provided for Jokra and Nordland.

Conclusions

For both the client and the contractors the guaranteed
continuity of the gas supply and a controlled and safe
working method were of utmost importance. There-
fore, throughout the project, everything was done to
make certain of the continued integrity of the live gas
line and the safe working of heavy equipment in close
proximity to it. 

The successful execution of the dredging works were
primarily made possible by the extreme accuracy and
reliability of the dredging equipment’s positioning
systems including the enhanced Crane Monitoring
System (CMS). This ensured that dredging could be
executed with great accuracy but contact between
equipment and pipeline was avoided at all times. 
This ability to perform the deepening task with the gas
line remaining live meant that there was no disruption
of supplies to Eemshaven’s gas-fired power stations
and the Dutch gas grid.
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Figure 7. A view from the Rocky of the computer screens

showing the crane monitoring system (CMS).

Figure 8. The display screen for monitoring the position of the

bucket of the backhoe whilst at work.



1997), being the home of the largest stands of man-
grove in Africa (over 1 million ha) and the fourth largest
in the world (Spalding et al., 1997), it is of both regional
and global importance (Moffat and Linden, 1995). 
The Delta is also rich in fishery resources; it provides
breeding grounds for various species of finfish, prawns
and as habitats for crabs and mollusks (IPIECA, 1993)
(Figures 1 and 2). 

A number of endangered and potentially vulnerable
species are endemic in this area (World Bank, 1995).
Mangroves of the Atlantic coast of Africa including the
Niger Delta, on account of their gentle gradient of
sediment are sensitive/fragile (Blasco et al., 1996). 
With the result that minor alteration (natural or anthro-
pogenic) could result in a considerable change in the
duration of inundation, thereby causing plant mortality
and fauna impact (Figure 3). 

Abstract

Development of oilfield infrastructure in the mangrove
areas of the Niger Delta is often preceded by dredging
and/or vegetation clearance to create navigable 
accesses. During dredging, the soil, sediment and
vegetation along the right of way (ROW) of the pro-
posed site are removed and typically disposed over
bank, and in most cases upon fringing mangroves, and
then abandoned. The abandonment of the resulting
dredged material has caused a number of impacts
including altered topography and hydrology, acidifica-
tion and water contamination, which has resulted in
vegetation damage and fish kills. Consequently, former
mangrove areas have been converted to either bare
heaps, grassland or freshwater forest after several
years of natural weathering. This paper therefore focus
on the environmental consequences of abandoned
sulfidic dredge materials, extent of abandonment, and
options available for their handling and relocation,
which will mitigate acidification, restore site topography
and hydrology that will enhance natural mangrove 
re-colonisation. It concludes by recommending sustain-
able dredging practices including the beneficial uses of
dredged materials rather than disposal. 

Dr. Ohimain’s paper was first published in the Proceed-
ings of the WODCON XVII Congress, held in Hamburg,
Germany, September 27 through October 1 2004 and
is reprinted in a slightly revised form with permission.

Introduction

The Niger Delta is located in the southern part of 
Nigeria bordering the Atlantic Ocean. It is a floodplain of
over 70,000 sq km. The delta is poorly serviced by
roads and is made up of meandering creeks that are
highly silted up. The Niger Delta environment has been
reported to be highly diverse and sensitive (ERML,

Environmental Impacts of Dredging in the Niger Delta
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Options for sediment relocation that 
will mitigate acidification and enhance
natural mangrove restoration

Figure 1. Location map of Niger Delta.



IADC Award 2004
Presented at WODCON XVII, 
Hamburg, Germany
September 27-October 1 2004

In 2004 the IADC Award was presented to Dr. Elijah
Ohimain, who is an environmental/petroleum micro-
biologist focusing mainly on anthropogenic activities
affecting the Niger Delta wetlands including man-
groves, particularly dredging, spoils management,
drilling, oil spills, soil acidification, hyper-salinisation,
modification of topography and hydrological regimes.
Dr. Ohimain is looking at developing low cost and
locally adaptable biotechnologies for wetlands
restoration and management of acidic and heavy
metal contaminated dredged materials. He holds a
PhD degree (2001) in environmental/public health
microbiology (University of Benin, Nigeria), post
graduate diploma in petroleum engineering (2004) 
and was recently admitted for a MA degree in
sustainable development in Staffordshire University,
Stoke-on-Trent, UK. In 2002, Dr Ohimain had a 
postdoctoral fellowship at the Environmental
Sciences Department, Wageningen University, 
The Netherlands to join a research group studying
mangrove soils in the tropical world. 

Each year at selected conferences, the International
Association of Dredging Companies grants awards 
for the best papers written by younger authors. 
The winner of an IADC Award receives € 1000 and 
a certificate of recognition and the paper may then 
be published in Terra et Aqua.

Nearly 50 years ago, oil and gas deposits were discov-
ered in geological structures in the Delta. This has been
the cause of anthropogenic influences particularly
dredging and dredged material disposal. Dredging is
often carried out to create accesses for oil exploration,
marine/coastal transportation and other water borne
commerce. Dredging in sensitive environments is often
accompanied by ecological impacts including damage
to flora and fauna, alteration of coastal topography 
and hydrology, impairment of water quality etc. 
(Ade Sobande & Associates, 1998). Dredging virtually
affects all components of the environment including
zooplankton (Ohimain et al., 2002a), phytoplankton
(Ohimain et al., 2002b), benthic invertebrates (Ohimain
et al., 2002c) and vegetation (Fagbami et al, 1988). 

Dredging has also been associated with widespread
hydrological changes (Ohimain, 2003a), which has been
reported to be the cause of the observed coastal
retreat (Eedy et al., 1994). Dredging may disrupt the
dynamic interrelationship between environmental
components and socio-economic functions of these
coastal areas, thus creating an imbalance in the eco-
system.  

Dredging in sensitive ecosystems may have serious
impacts if not well managed, but handling/manage-
ment of the resultant dredged materials is of greater
concern in the Niger Delta (van Dessel and Omoku,
1994). Typically, the materials are placed adjacent to
the canal being dredged, mostly upon fringing man-
grove vegetation, and then abandoned (Figure 4). 
The subsequent poor spoil management practices 
have led to a number of environmental impacts through
direct burial and destruction of fringing mangroves 
and associated fauna, siltation of navigable canals,
flooding and suffocation of mangroves, degradation 
of water quality, habitat fragmentation and alteration 
of vegetation and land use (Ohimain, 2003a, 2003b).
Dredging with placement of dredged materials as canal
banks caused alterations in the sediment distribution
pattern along the coastline (Awosika et al., 1993). 
The cumulative effects of these impacts are the loss 
of wetlands. 

In this paper, the impacts of dredged material abandon-
ment in relation to changes in topography, hydrology,
land use and estuarine acidification are discussed.
These impacts/constraints causes mangrove dieback
and prevent natural mangrove restoration. The paper
also looks at available options for sediment relocation
to mitigate impacts and encourage natural/volunteer
mangrove re-succession. 

ENVIRONMENTAL IMPACTS

The impacts arising from dredged material manage-
ment are discussed using an abandoned dredged

Terra et Aqua – Number 97 – December 2004

10

From left to right: Chief Ebenezer Osoba, chairman of Ebcon

Engineeering & Construction Co. Ltd., Nigeria, IADC Award

winner Dr. Elijah Ohimain, and IADC Secretary General

Constantijn Dolmans (photo courtesy of T. Slinn).



material heap within the drainage area of Escravos
River as a case study. 

Impacts on topography
Topographic profile of the study area was carried out 
at low tide using Nikon automatic level model AE-7
using a beacon located at Escravos bar, Ugborodo as
reference point. Measurements were made along
three transects across the dredged canal starting from
an undisturbed mangrove habitat through a dredged
material heap (canal bank), across the dredged canal
and terminating at an undisturbed mangrove swamp on
the other side of the canal. Soil surface elevations were
taken at 10 m intervals. 

Results presented in Figure 5 shows that the soil
surface elevation of the mangroves was in the range of
1.10 – 1.17 m above the lowest low water spring tide
datum (LLWS), with a mean of 1.14 m LLWS (n =13).
Within the heap, soil surface elevation was in the range
of 1.10 – 2.05 m, with a mean of 1.51 m (n = 22).
Therefore, the topographic elevation difference
between the mangrove soil and the abandoned
dredged material heap is 37 cm. This micro-topographic
difference, though minor has resulted in important
changes in the ecosystem. ERML (2003) similarly
recorded a 100 cm topographic difference between
soils supporting healthy mangroves and dredged 
material heap within the study area. The direct impact
of canal banks is the conversion of mangrove wetlands
to uplands or man-made levees (Turner and Streever,
2002).

The elevated soil surface prevents tidal water from
inundating the site; hence mangrove propagules are
unable to reach the heap and a few years later non-

Environmental Impacts of Dredging in the Niger Delta
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Figure 2. Ecological zonation of the Niger Delta based on vegetation type.

Figure 3. Mangroves in the Niger Delta are environmently

sensitive and fragile. Shown here are tall red mangrove

(rhizophora racemosa) and dwarf red mangrove (rhizophora

mangle).

Figure 4. Canalisation and managing the resultant dredged

material is a serious challenge.



mangroves begin to re-colonise the heap, thus causing
a shift in the vegetation structure and floristic composi-
tion. The dredged material heap that was initially bare,
i.e., devoid of vegetation including mangroves, are now
being colonised by non-mangroves especially grasses,
shrubs and trees as a result of altered soil physico-
chemical properties. This is expected because it has
been recognised that the distribution of mangrove
species is determined by soil chemical properties such
as pH, salinity and redox potential (Nickeson and 
Thibodeau, 1985; Mckee, 1993; Komiyama et al.,
1996). ERML (2003) recorded marked changes in the
chemical properties of abandoned heaps relative to that
of adjacent mangroves, the salinity of the heap being
several orders lower than that of the intact mangroves. 

The reduced salinity may have encouraged the growth
of invasive species in preference to mangroves. This is

plausible because the period of inundation per day is
relatively shorter and in most times non-existent at
higher soil surface elevation. Elsewhere in Japan an
elevation difference of only 35 cm affected seedlings
survival. The survival rate of mangrove seedlings
showed a clear relationship with the microtopography,
with the results that seedlings performed poorly at
higher elevations (Komiyama et al., 1996). It therefore
follows that the physical change in soil topography is
linked to the chemical and biological changes in the
environment.

Impacts on hydrology
The hydrology of wetlands, particularly mangroves, 
is the most important force determining their biotic and
physical characteristics. Through the action of tides,
waves, river flows and surface runoff, erosion and
sediment deposition determine the morphology and
soil composition of wetlands. Hydrology is a key deter-
minant of species distribution, wetland productivity,
and nutrient cycling and availability (Mitsch and
Gooselink, 2001). It has been recognised that the
hydrology of tidal wetlands is very sensitive spatially 
to small changes in topography and associated tidal
regime (Hughes, 1998). Though, the dredging of canals
has caused widespread hydrological changes in the
Niger Delta (Figure 6), the abandonment of dredged
material as canal banks compounded the problem 
(van Dessel and Omoku, 1994). The abandoned heap
forms barrier to surface drainage/inundation, resulting
in ponding of the backswamp. Mangroves are known
to be tolerant to seasonal and tidal flooding, but are
quite sensitive to permanent flooding (Kathiresan and
Bingham, 2001). The canal banks become less
accessible to tidal water with increasing elevation. 
The high rainfall within the delta (>2500 mm annually)
contributes to the reduction in salinity, which
encourages the emergence of invasive species. On the
other hand, there were instances where canalisation has
resulted in saltwater intrusion into freshwater swamps
(Human Rights Watch, 1997; Ashton-Jones, 1998). 

About 200 sq km of wetland was impacted as a 
result of dredging induced hydrological changes 
(Fagbami et al., 1988). This along with other factors has
been reported to be responsible for coastal erosion and
retreat in the Niger Delta (Ebisemiju, 1988; Ibe, 1988;
Eedy et al., 1994; World Bank, 1995; Ashton-Jones,
1998). Turner and Lewis (1997) reported several cases
in other parts of the world where mangrove dieback
was caused by modification of hydrology. The authors
presented evidence linking wetland loss to topographic,
hydrologic and habitat alterations arising from dredging
activities.  

Impacts of acidification
The sediments and soils of the mangrove zone have
been reported to contain reduced iron sulphides partic-
ularly pyrite (Anderson, 1966). When present in the
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Figure 5. Microtypographic changes in a dredged material

disposal area.
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be limited only by the size of the available dredged
material heap (Ohimain and van Mensvoort, 2003).
Therefore, the abandonment of dredged material may
have contributed to the change in human demography
of the Niger Delta among other factors. Plantain 
(Musa sp) commonly grows well on dredged material
heaps (Figure 9). Although this is a positive impact,

natural anoxic and undisturbed state under mangrove
cover, sedimentary pyrites are known to be innocuous,
but their disturbance through dredging and dredged
material disposal often initiates a series of oxidative
reactions leading to estuarine acidification (Sammut
and Lines-Kelly, 2000) (Figure 7). Estuarine sediment
acidification has been reported to cause the death of
vegetation (Ohimain, 2003a, 2003c), fish/aquatic biota
(Dublin-Green, 1995; Sammut et al., 1995), change in
water quality (Sammut and Lines-Kelly, 2000) and
heavy metal contamination (Petersen et al., 1997;
Ohimain, 2001). Following the dredging of an oil well
access canal within the Benin River drainage area,
leachates that were trapped behind a dredged 
material backswamp were found to have a pH of 2.3.
The deposited dredged materials prevented tidal
flushing, and a few months after several hectares of
mangrove vegetation were killed followed by fish
mortality (Ohimain, 2003a).

Impacts on land use and vegetation succession
The usual practice of placing unconfined sediments
continuously along the canal bank beyond tidal inunda-
tion has led to the creation of artificial levee (Figure 6).
In the process, several kilometers of undulating heaps
now characterise the once low-lying inter-tidal land-
scape. The resultant change in the topography and
hydrology of the area often prevent site re-colonisation
by native mangrove species. After several cycles of
natural weathering, the dredged materials often
become relatively lower in salinity and acidity, and are
then colonised by acid and metal tolerant invading
species. Factors, which restrained mangroves from 
re-colonising the area such as altered topography and
hydrology that prevented tidal water and mangrove
seedlings from reaching the site, favour the growth of
non-mangrove/invasive species. Grasses (Paspalum
vaginatum and Mariscus ligularis) are usually the first to
colonise the sites, followed by shrubs mostly Alchornia
cordifolia and the Siam weed (Chromolaena odoranta),
and as conditions becomes more favorable other non-
mangrove plants become established. Woody trees
such as Alstonia boonei (stool wood), Musanga cecro-
pioides (umbrella tree) and Anthoclesta vogelii (cabbage
tree) are now common on abandoned/weathered
dredged material heaps in the delta (Ohimain and van
Mensvoort, 2003).

Because of the limited dry lands in the area, elevated
dredged material disposal sites become attractive to
the natives for the establishment of fishing camps and
home gardens and in the process reside dangerously
close to oil infrastructure (Figure 8). In a study carried to
assess the spatial risk associated with the proximity of
emerging settlements to oil facilities shows that 42%
of 51 communities are within a distance of less than 
1 km to oil installations, which was classified as having
high vulnerability (Onwuteaka, 2002). In most cases,
the size of the emergent settlements appears to 
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Figure 6. Hydrologic modification — notice the dredged

material canal banks and the oil wellheads.

Figure 7. Dredged material disposal and abandonment: 

Under estuarine conditions sedimentary pyrites are innocuous,

but when disturbed by dredging may lead to acidification.



there is the need to carry out toxicological studies to
ascertain the safety of crops cultivated in these areas,
as plants are known to bio-accumulate heavy metals
when grown on contaminated dredged soils/sediments
(Bramley and Rimmer, 1988; Delaune and Smith, 1985;
Tam et al., 1995).

EXTENT OF IMPACTS

The extent of impacts arising from dredging in the 
delta has not been documented. Ohimain and van
Mensvoort (2003) reported that the type and nature of
oil field development activity could be used to estimate
the extent of impact. For instance, approximately 2 ha
of mangrove forest was loss during the dredging of an
access slot leading to a well head, but an additional 
2.4 ha was lost due to dredge material deposition
(UNICALCONS, 1994). Dredged materials generated
from dredging canals leading to multiple wellheads are

often larger and in the order of 1.9 – 8 ha (ERML,
2003). However, dredged materials generated from 
the construction of flow stations, compressor stations,
gas plants are larger, whereas those generated from
the construction of major installations such as terminals
could be extensive (Ohimain and van Mensvoort,
2003). 

Materials generated from trunk/pipelines right of 
way (ROW) although relatively narrow [ERML (2003)
recorded a width of 25 m], could also be extensive and
perhaps running into hundreds of kilometers. Several
hectares of mangroves fringing most of the creeks
where dredging has taken place were killed likewise. 

A major oil producing company operating in the delta
generated approximately 20 million cubic metres of
dredged materials between 1990 and 1996 (Ade
Sobande and Associates, 1998). It is expected that the
amount of abandoned materials may have increased
considerably taking into account the activities of other
oil companies, the nearly 50 years of such operations in
the delta and the observed high sedimentation/siltation
rates which often necessitates frequent maintenance
dredging. And following the recent directive by the
Federal Government to stop routine gas flaring, many
oil industry operators have initiated gas gathering and
utilisation projects, which also involve dredging for
access creation and dredged material placement.

OPTIONS FOR MITIGATING ENVIRONMENTAL

IMPACTS

There have been several previous attempts to manage
sulfidic dredged materials including proper handling,
restoration of mangroves and rehabilitation to alterna-
tive use (Ohimain, 2002d, 2003b). Proper handling
techniques are based on the premise that environmen-
tal factors, which control the growth of acidithiobacilli,
also influence acidification (Rose and Cravotta 1998;
Ohimain et al., 2004). Such factors include water, 
air and the presence of pyrite. Hence, proper handling
to prevent or control acidification is focused on tech-
niques that selectively prevent either air or water from
reaching the materials, neutralise acidity or inhibit acid-
forming bacteria (Perry et al. 1998; Ohimain 2002d).
Commonly used handling techniques and their mecha-
nism of action can be found in Ohimain et al. (2004).
However, the emphasis here is placed on sediment
relocation and backfilling with the intention of reversing
the consequences of documented cause-and-effect
relationships between topographic/hydrologic changes
and mangrove impacts caused by continuous dredged
material deposits along dredged canals. 

Prior to relocation, the materials need to be quantified
upfront and a survey carried out on potential areas for
use/placement. Such areas may include disused canals
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Figure 8. Land use change for human habitation can be highly

vulnerable. Shown here, a well-established community built upon

an abandoned dredged material adjacent to an oil flow station.

Figure 9. Farming, such as this plantain plantation, can be

done on abandoned dredged material, but the toxicology of

the crops needs to be ascertained. 



precautionary principle to proactively protect sensitive
environment including natural resources and bio-
diversity. The principle provides for actions to avert risks
of serious or irreversible impacts to the environment in
the absence of scientific certainty about the impact
(Cooney, 2003). Therefore, in view of the myriad of
potential impacts arising from dredging in a sensitive
environment, it became necessary to modify the 
dredging process with a view of suggesting more
sustainable practices and improving the selection of
mitigation measures/alternatives. 

Both hydraulic and mechanical dredgers are generally
used in the Niger Delta. Hydraulic pipeline dredges 
are mostly used for reclamation and maintenance
dredging, and in few cases where dredged material
placement is at some distance from the dredging site.
Mechanical dredgers such as buckets, draglines,
swamp buggies and such are mostly used for the
creation of new accesses. Such dredgers typically
place the materials at near in-situ densities close to 
the dredging area primarily upon fringing mangroves
and are then abandoned. Such practices should 
be discouraged and beneficial uses supported. 
Areas where the current dredging practices could 
be modified sustainably are discussed below.

Beneficial uses
Prior to dredging, the volume of the expected dredged
material should be estimated upfront and, thereafter,
options for their utilisation identified. As a first line of
action, the owner of the lease should consider using
the materials for site filling and upgrading during site
preparation. This option is very unlikely as the materials

leading to derelict /unsuccessful prospects, eroding
beaches and some natural depressions. These sites are
common in the delta. Ibe (1988) reported that the
entire 900 km Nigerian coastline is threatened by
coastal erosion and are therefore potential sites for
sediment relocation. 

In Louisiana, canal backfilling has been used to mitigate
wetland impacts arising from oil and gas access canal
dredging (Neil and Turner, 1987). Turner and Lewis
(1997) showed that restoration of hydrology by
removing tidal restrictions and impoundments caused
by dredged material placement restored wetland
vegetation. They also acknowledged that the failure of
most restoration efforts is usually related to hydrologic
parameters including salinity and tidal flooding patterns
as well as the interaction between topography and
channel functions. Therefore to permit natural/volunteer
mangrove recruitment, the restoration of normal tidal
exchange and residence time, site topography and
drainage, and freshwater inputs are necessary (Kaly
and Jones, 1998). This will require site excavation 
(and grading to pre-disposal elevation) and backfilling
into disused canals (Turner and Streever, 2002).

From Figure 5, the topographic height of the healthy
mangrove stand ranged from 1.1 to 1.17 m, with a
mean of 1.14 m, whereas the mean soil elevation
difference between the healthy mangroves and non-
mangroves is 37 cm. This amount of material will
therefore be relocated from the canal banks and back
filled into disused canals in order to restore the topogra-
phy and hence the hydrology. As the site becomes
tidally inundated once again, it will permit the removal
of acidic oxidation products and restoration of soil
chemical properties (Neil and Turner, 1997). This is
plausible because the brackish water of the Niger Delta
is well buffered with pH ranging from neutral to slight
alkaline (7.0 – 8.4) (Ohimain, 2003c), the acidity is 
therefore expected to decline afterwards (Indraratna 
et al., 2002). Tidal inundation will permit the soils return
to anoxic condition found in natural undisturbed 
mangroves (Kaly and Jones, 1998) and encourage 
the growth of estuarine microorganisms particularly 
sulphate reducing bacteria (SRB) that will mediate the
reduction of sulphate to metal sulphide; thus reducing
acidity and heavy metal availability (Ohimain, 2003c).
White et al. (1997) also suggested the rehabilitation of
wetlands by re-flooding. Ainodion et al. (2002) used
restoration of soil surface topography to successfully
re-establish mangroves within the Escravos River
drainage area (Figure 10).

SUSTAINABLE DREDGING PRACTICES

The cumulative impacts of the intricate network of
artificial canals have never been studied, however,
there is increasing trend towards the application of
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Figure 10. Restoring the topography and thus the hydrology

can result in mangrove restoration.



are usually silty clay with low bearing capacities and are
therefore poor construction materials. To the contrary,
more of these spoils are produced during site prepara-
tion. The lessee should therefore consider using the
dredged spoils to backfill disused canals especially
those leading to derelict or unproductive wellheads and
other areas where the company does not plan to return 
to in the very near future. Canal backfilling has been
variously tested and found to be effective in mitigating
dredged material impacts and wetland loss (Neil and
Turner, 1987; Turner et al., 1994; Turner and Streever,
2002) as this has encouraged natural mangrove
restoration. 

Next is to seek host community needs, and if the
materials are required for the creation of farm and
habitable lands, this will be followed by screening of
available areas/suitable places for material disposal.
Areas that may be suitable are natural depressions,
which do not ordinarily support mangroves, or 
previously degraded areas. Such areas should not be
close to oil installations or pipeline ROW or major
dredged canals that are frequently maintained to ease
oil related transportation.

A majority of the coastal communities are fishing
villages, and they largely depend on an external food
supply even in the mist of lush mangrove vegetation.
The dredged materials could therefore be used to
support farming in addition to accommodation needs,
but not as currently being practiced. Only crops that
have been documented to strive well in mangrove
areas (acid sulphate soils) should be encouraged. 
Such crops include rice (Anderson, 1966; Sylla et al.,
1995), yam, pineapple and cassava (Minh et al., 1997; 
Stevenson et al., 1999), and sugarcane (Nga et al.,
1993). In the Niger Delta, plantain grows very well on
mangrove sediments/soil (Figure 8) and should there-
fore be encouraged. Other crops could still be cultivated
in the heap after several cycles of leaching that would
permit the reduction of acidity, heavy metals and salinity.
But toxicity tests need to be carried out to assure the
public of the safety (or otherwise) of the crops. 

If the host community does not need part or all of the
materials, the next line of action is to consider using 
the dredged material to counter erosion problems in
the delta. It has been reported by several authors that
the entire 900 km long Nigerian coastline is being
threatened by coastal erosion (Ibe, 1988, Awosika 
et al., 1993; Eedy et al., 1994). Such areas are potential
sites for the disposal of dredged materials. Such a
management option has the twin advantages of 
meeting the coastal protection /stabilisation needs
while safely disposing the waste materials.

It should however be noted that the cost of dredging
and overall site preparation would increase with
increasing distance to the disposal site. But when

viewed along with the risk/disadvantages associated
with creek bank abandonment and the advantages of
sound dredged materials management practices, the
benefits are likely going to outweigh the costs.

Routing to avoid acidification hotspots
Projects could also be routed away from potential
acidification hotspots. The author in collaboration with
other researchers from Wageningen University and
Research Centre, The Netherlands are currently devel-
oping geostatistical techniques to predict acidification
hotspots across the entire Niger Delta. Future projects
can be then be routed away from potentially high-risk
areas.

Backfilling
This is the returning of material to a canal to mitigate
alteration of site topography and hydrology. The aim of
backfilling is to decrease the elevation of canal banks
while increasing the elevation of dredged canals to
restore site hydrology, which is a pre-requisite for
natural mangrove restoration. Dredged materials
should never be deposited continuously as canal banks.
A sustainable way of handling canal banks is by
breaching the levees to re-establish tidal access into
the backswamp, which will prevent the accumulation
of acidic by-products. Best practices for pipeline
projects incorporate backfilling and restoration of site
hydrology/topography as integral parts of pipeline
installation. This is currently being practiced in the 
Niger Delta, but the excess materials after pipelaying
and backfilling still pose a major challenge.  

Thin layer placement
This is the deposition of dredged materials in thin
uniform layers over wetland vegetation or open bay
bottom (Turner and Streever, 2002). Spray hydraulic
dredgers are usually used for this purpose. Thin layer
placement provides an alternative to the current prac-
tice of forming elevated dredged material heaps. In the
event that dredged materials are to be disposed close
to the site, it is recommended that natural depressions
or derelict canals be sorted for; otherwise a thin layer
placement should be done. This has the potential of
preventing acidification with minimal impacts on man-
groves. The inherent disadvantage here is that large
expanse of land will be required. In the context of
restoration, thin layer placement can also be used to
maintain and nourish subsiding wetlands, or raise
sediment surface elevation of open water sufficiently
to permit re-colonisation by emergent/volunteer wet-
land vegetation (Turner and Streever, 2002). 

Mitigation banking
Another sustainable practice that could be encouraged
is mitigation banking. This is a situation whereby an
already despoiled/impacted area is restored to compen-
sate for the area that is to be dredged. In practice,
seedlings and mangrove propagules are salvaged from
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The paper takes a look at options for handling contami-
nated dredged materials and sediment relocation, 
with potentials to restore topography, hydrology, 
mitigate acidification and encourage natural mangrove
re-colonisation. The paper concluded by highlighting
sustainable dredging practices that has the potential to
minimise impacts. It also provide means of improving
dredged materials management alternatives especially
when dredging in a sensitive environment
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maintenance of navigation infrastructure. This paper is
based on the findings of the working group’s report
with experiences in Europe added. It outlines the
overall process of wetland restoration and how to
develop a planning strategy. The examples given offer
some guiding principles to balance the economic
interests of the port and the ecological interests of 
the wetlands. A version of this paper was presented at 
the Wetlands Restoration Workshop October 2003, 
in Portland, Oregon, USA. 

Introduction

Wetlands are areas of marsh, fen, peat land or water.
They are among the most important and productive
ecosystems on earth. Human life depends on a com-
plete and fully functioning ecosystem. Though wet-
lands comprise only 6% of the world’s land surface,
wetlands contribute to a much greater percentage of
the world’s overall biological productivity and water
resource functions. The importance of wetlands cannot
be overestimated. They have fundamental ecological
functions as regulators of water regimes, water stor-
age, flood prevention and natural water treatment. 

Wetlands provide the local environment for the typical
submerged water communities in the sea, river, marsh
or lake. Many species of birds and mammals, fish,
amphibians, shellfish and insects rely on wetlands for
food, water, and shelter, especially during migration
and breeding. At a large scale, wetlands contribute to
atmospheric processes and are part of the global
cycling of nitrogen, phosphorous, sulphur and carbon.
In short, wetlands are essential as habitats supporting a
rich biodiversity, which is recognised world wide as a
key resource for sustainable development. Apart from
the above-mentioned ecological and scientific functions
of wetlands, many areas have also an important eco-
nomic and social value that should be conserved. 

The Convention on Wetlands of International Impor-
tance (RAMSAR Convention, 1971) was the first of the
global intergovernmental treaties on conservation and

Abstract

Careless handling of wetlands and neglect of the
environment will lead to unacceptable situations and
problems for planned developments in ports and
navigation infrastructure. Obstacles vary from
unforeseen adverse impacts on nature, to 
resistance to planned projects and delays in project
realisation, from dramatic budget overruns to projects
that will not be realised at all.

Both to benefit the restoration of disturbed wetlands,
as well as support new developments in port planning,
an equilibrium between interests must be found.
PIANC Envicom’s Working Group 7 has prepared
ecological and engineering guidelines for wetland
restoration relating to the development, operation and
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wise use of natural resources (Figure 1). The RAMSAR
Convention defines wetlands as “Areas of marsh, 
fen, peat land or water, whether natural or artificial,
permanent or temporary, with water that is static or
flowing, fresh, brackish or salt, including areas of
marine water the depth of which at low tide does 
not exceed six metres”. 

Five typical wetlands can be identified:
– Estuaries, where rivers meet the sea and salinity 

is intermediate between salt and freshwater 
(e.g. deltas, mudflats, salt marshes);

– Marine, not influenced by river flows (e.g. shorelines
and coral reefs);

– Riverine, land periodically inundated by river over-
topping (e.g. water meadows, flooded forests,
oxbow lakes, river forelands);

– Palustrine, where there is more or less permanent
water (e.g. papyrus swamp, marshes, fen);

– Lacustrine, areas of permanent water with little flow
(e.g. ponds, kettle lakes, volcanic crater lakes).

At the moment 138 countries have signed the 
RAMSAR convention. The contracting parties commit
themselves, amongst other things, to the following
obligations:
– List their own locations of particular interest on the

basis of its ecology, botany, zoology, limnology or
hydrology.

Biological Productivity
Diversity
Habitat provision

Physical Flood protection
Shoreline protection
Dissipation of erosive forces
Sediment trapping
Water storage
Recharge of groundwater aquifers
Sources, sinks and transformers of
materials

Chemical Pollution control
Water quality improvement

Social Resource for research
Supply of baseline data
Aesthetic and heritage value
Opportunity for recreation and education

Economic Food production (rice, fish, shellfish, etc)
Water extraction
Mining
Oil and gas extraction

Table I. Wetland functions. – Designate at least one site that meets the RAMSAR
criteria for inclusion in the List of wetlands of inter-
national importance. 

– Include wetland conservation within their national
land-use planning and promote the conservation of
wetlands in their territory.

– Develop national wetland policies. Any loss of wet-
land should be compensated for by creation of new
habitat.

– Establish nature reserves on wetlands and promote
training. 

– Consult with other contracting parties about the
implementation of the Convention, about trans-
frontier wetlands, shared water systems, shared
species and development aid for wetland projects.

The “List of wetlands of international importance”
contains at the moment 1367 areas with a total surface
of 120.5 million hectares.

PROBLEM STATEMENT

Despite all their important functions, wetlands are
under severe pressure from a whole range of human
activities. Human-induced impacts on wetlands have
included both wetland alteration and wetland destruction.
Significant wetland alteration still continues, as a result
of regulated and non-regulated activities, pushed by 
the need for navigation infrastructure and dry land for
industry and housing. Impacts are caused particularly
by hydrologic and morphological modification,
sedimentation and hydrodynamic process alteration,
such as water abstraction, the filling in of water bodies,
eutrophication and pollution by pesticides and other

Figure 1. What steps should be taken to come to a balanced

solution? What steps would protect the Irediparra gallinacean,

also known as Jassana, in an undisturbed wetland? And how

can we reach this goal and maintain our own economic

interests? 



contaminants, peat mining, mineral extraction, and
more natural causes such as drought, global climate
change and rising sea levels. Wetlands are being lost
throughout the world at an alarming rate. Most esti-
mates suggest that about 50% of the world’s wetlands
have disappeared in the last few decades (Table II). 

The International Navigation Association (PIANC)
realised that both for the benefit of the restoration of
disturbed wetlands as well as for new developments 
in port planning it is important to find equilibrium
between the several interests. To that end PIANC
tasked Working Group 7 to develop “Ecological and
engineering guidelines for wetlands restoration in
relation to the development, operation and mainte-
nance of navigation infrastructure”. The strategy should
outline how to enable ports to grow in a sustainable
way without destruction or degradation of nearby
wetlands. A situation should be reached where naviga-
tion can continue to function over the years to come
without a negative environmental impact. This paper 
is based on the findings of the report of the PIANC 
working group. To clarify the guiding principles some
European experiences have been added. These include
the most important wetlands of The Netherlands, the
Wadden Sea. The Wadden Sea is an internationally
important rest area for migrating birds. Also the area
between the islands of South Holland contains an
important ecosystem with various protected species.
The Netherlands has also many big and small rivers
with various ecological functions. The rivers in this area
have important social and economic functions as well,
with many small and big inland ports.

STRATEGIC PLAN

A strategic plan is an excellent means to assure the
sustainable development of ports as well as environ-
mentally sound wetlands. The strategy should aim at
attaining equilibrium between the economic interests

of navigation and trade with the ecological interest of
the wetland. It provides an overview of the realistic
goals, the means to reach these goals, the planning
time and the resources needed. It incorporates the
results of research and studies. In this way a strategic
plan is also an essential element in obtaining finance
and all legal permits, which are necessary for imple-
mentation. It lays the foundation for communication to
the public and it is the basis for an agreement among
the parties involved. The strategy should be based on
the guiding principle of sustainable development.

Wetland restoration planning is not different from other
infrastructure planning (see Figure 2). What makes
wetland restoration special is the complexity of biotic
and a-biotic issues, and the hydrological, nautical and
ecological aspects involved. Moreover there are many
stakeholders with different interests, in addition to
spatial planning, to environmental and social issues and
to legal requirements. Another important obstacle is
that the values of wetlands are not easily measurable in
terms of money. Consequently, an objective weighing
of pros and cons is hardly possible. Wetland restoration
is mostly tough going and subject to many discussions.

THE FIRST STEP OF THE STRATEGY: 
SITE CHARACTERISATION

The first step in strategic planning is the characterisation
of the existing condition and the impact of navigation
and traffic development on the environment. 
Knowledge of the facts, data and quantification of 
the current state form the baseline of each project. 
An analysis of the foreseen or required developments
in navigation and trade in the future is part of the
characterisation. However, the outline of the situation
should not only include the maritime elements. 
Other aspects should be brought together as well. 
For instance, both the economic dynamics of the port
as well as the ecological dynamics of the wetland are
important, and the human environment should not be
forgotten. The quality of life of the people who live,
work and have their leisure time in the neighbourhood
must be considered. National and international legisla-
tion plays a role too. 
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Country Period % loss of wetlands

Netherlands 1950-1985 55
France 1900-1993 67
Germany 1950-1985 57
Spain 1948-1990 60
Italy 1938-1984 66
Greece 1920-1991 63
USA 1990-2000 800 to 1600 km2 per year

Table II. Wetland loss in some countries.

Figure 2. Basic steps in strategic planning. 

Situation: Site
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Plan: Whatdo we want?

Act: Designand construct

Evaluation of succes

Decision
makers

Stake
holders



at all. At the moment sand is replacing water and
camels are replacing fishing boats. Many times the silt
layers on the bottom of the dried area rise in clouds
around, forming sand dunes in a desert area.

This is only one part of the tragedy. Apart from the
impacts on the lake itself it turned out that the influence
on the climate in the surrounding area is alarming as
well. This was an unforeseen consequence of the
infrastructure works carried out. Another unforeseen
problem was the flow through the irrigation canals. 

The water of the rivers was meant to flow through the
excavated canals to the new plantations. However, the
water in the irrigation canals didn’t flow at all. It sank
away in the sand of the newly dredged canal through
the desert. This caused the origin of many small pools
and lakes and consequently the uncontrolled growth of
algae, duckweed, water hyacinth and other plants. 
The water got stuck in the water plants and did not
even reach the planned agricultural areas. The water
became stagnant and as such a perfect breeding
ground for the development of the malaria mosquito. 

Various measures were taken in order to remove the
overgrowth of water plants. Firstly draglines and other
equipment were used for the removal of the unwanted
overgrowth. However, the power of growth was so
high that they did not manage to clean up the canal.
Then they tried to dehydrate the water plants. To that
end chemicals were brought into the water of the
canals. And indeed algae, duckweed, water hyacinth
and water plants died. The water began to flow and
could reach the agricultural area. However, the chemi-
cals used turned out to be very resistant and did not
break down before reaching the cotton cultivation. 
The result was that the harvest failed year after year. 
At the moment half of the formerly cultivated area is
spoiled by the chemicals. 

There is, however, a small ray of hope in this story.
Finally, after many years of struggle for canals without
the overgrowth of water plants and with clean stream-
ing water this problem has been solved by the introduc-
tion of an ecological solution. In 1972 the hypophthal-
michthys molitrix or silver carp was introduced into the
mouth of the canals. These fishes graze most of the
water plants from the bottom of the canals and in this
way they provide a free flow of the water.

With this example we have learned that economy is
not the only truth. We cannot live by money alone. 
For the survival of human beings it is essential to
consider the likely environmental consequences of
constructions and developments in a careful and
proactive way. Moreover, ecology turns out to be a
good partner and can be of help in the realisation of
solutions. A guiding principle is to strive for an equal
balance between economy and ecology. 

The first step of the strategy must result in an overview
of the current situation and the expected developments.
Analyses and evaluation of the situation leads to the
identification of constraints and bottlenecks to overcome.
It gives insight into the required situation to strive for. 

Relevance of setting goals
Strategic planning and setting goals and objectives in a
wise way is complex and often frustrating. Predictions
of the impact of measures and the future situation after
intervention are rather complicated and seldom reliable.
A famous example of failure in goal setting is the story
of the Aral Sea. Fifty years ago the Aral Sea was one of
the biggest lakes of the world, located in Uzbekistan
and Kazakhstan, the dry heart of Central Asia, in the
centre of a large flat desert. Both countries were then
part of the former Soviet Union. Two main rivers, the
Syr and the Amu, fed the lake. These rivers formed
deltas before draining their waters into the lake. On the
banks of the lake and the estuaries of the rivers and in
small oases people were growing vegetables, rice and
cotton. The fishing industry in and around the lake was
substantial. A large area was irrigated for agricultural
purposes. 

Fifty years ago, however, it was decided that the cotton
industry should receive a new big impetus and that the
irrigated area should be greatly enlarged. To that end
many new cotton plantations were built, and many
new irrigation canals were excavated in order to irrigate
the new plantations with the water from the afore-
mentioned rivers. Huge construction works were
undertaken. This changed the hydrological situation
dramatically, as shown in Table III. 

The consequences have been disastrous. The rivers
Syr and Amu are almost dry long before they reach the
Aral Sea. Sea level has fallen by more than 16 metres.
The shoreline has receded up to 120 km from its former
shore. The velocity and the size of the ecological
changes in the area of the Aral Sea are unique in
human history. The scale of the biological, social and
economic consequences of these changes in the area
around the Aral Sea is catastrophic. Fifty year ago
thousands of tons of fish were brought ashore by the
fishing fleet of the Aral Sea. Nowadays the salt content
of the lake is so high that fishing is no longer possible
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Table III. Hydrological situation of the Aral Sea.

1950 2000

Surface 67,000 km2 33,000 km2

Inflow 50 km3/year 5 km3/year
Water level + 16 m 0 m
Salt content 10 g/l 28 g/l
Irrigated area 290,000 km2 720,000 km2



Other lessons can be learned from the above example.
The first lesson has to do with the role of decision
makers. It turns out that the role of decision makers 
is very important. Decisions are taken by public
officials, by policymakers and other regulatory parties.
They base their decisions, however, on the input of
managers and researchers and on the remarks of
various other parties. Thus good communication with
the decision-making partners is essential from the very
first start of the project and during each following
phase of the project. 

The second lesson has to do with the many different
parties that have an interest. For instance the port
related industry, but also the fishing industry, recreation,
drinking water supplies, nature and the countryside.
And so there are local people, there are NGO’s, 
organizations for the protection of the environment,
safety specialists; there is the agricultural sector, the
industrial sector and many other parties. They all have
their own concern in the wetlands or in port develop-
ment or in both. During the whole process it is essen-
tial to derive a policy, in which the views and interest of
all stakeholders have been integrated. In other words:
Participation from the very beginning.

Figure 2 shows two different lines of interaction. 
Involving interested parties at an early stage will 
allow each party to bring in their concerns and
experiences. This helps to ensure that steps are taken
and studies are made in accordance with the
requirements of stakeholders and decision makers. 
In this way the management of port and navigation
channels gets the opportunity to develop and resolve
issues in a constructive manner rather than possibly
provoking a formal confrontation at a public enquiry. 

THE SECOND STEP: SETTING GOALS AND

OBJECTIVES

The second step of strategic planning is: Plan the
required situation. A realistic problem definition, 
as defined in the foregoing stage, is essential to set
goals and objectives. This is one of the most difficult
activities of strategic planning. There is not one
approved manner to set goals. It depends largely on
the local situation, where different conditions can exist. 

a. Disturbance in the current state
Are natural characteristics disturbed in the current
state; is there a need for improvement of the existing
situation? The objective should be focused on a better
management of the wetland and a better integration of
navigation purposes and ecological purposes. 

Two examples will illustrate this. The first one is a wetland
that had become a waste dump. In this case the required
situation is a wetland without pollution and first of all a
plan must be developed to clean up the site in coopera-
tion with stakeholders and decision makers. Moreover,
in view of future generations, a management plan must
be developed to prevent future waste dump on the site.

The second example is related to salt penetration.
Deepening navigation channels for the increasing
draught of ocean-going vessels will result in an increase
of the intrusion of salt water from the sea. Freshwater
withdrawal from waterways also causes the salt
content to rise. This results in higher salt concentration
in the plain. If the salt content is too high trees and 
other plants in the plain will die. To remedy this situation
a management plan must be developed in which the
hydrological situation is improved substantially.
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Figure 3. The Port of Delfzijl illustrates the strong relation between the port and the wetlands of the Wadden Sea: Navigation and

shipping, agriculture and fishing, industrial activities, recreation, nature organisations and the people living in the urban environment.

The Wadden Sea is a shallow wetland along the coast of The Netherlands, Germany and Denmark, with a length of more than 500 km.

It is the most important tidal wetland of Europe.



d. Adverse impacts are inevitable
Are there social reasons that would necessitate develop-
ments which would adversely affect a wetland? The
focus should be on rehabilitating or restoring measures,
on preservation or maintenance operations that could
reduce or eliminate adverse effects. Studies and
research should incorporate an environmental impact
assessment. An alternative should be selected that
assures that all possible measures are taken. 

The brief history of the development of the port of
Rotterdam illustrates this point. A new harbour area
was urgently needed to enable the growth of the
container, distribution and petrochemical sectors and to
meet future industrial housing requirements. Space is
very scarce in this densely populated area. There is no
room left for new container terminals. Thirty years ago
a new port area of 30 km2 had already been reclaimed
from the North Sea, the so-called peninsula Maasvlakte.
The only way to create a new port area for port develop-
ment was to reclaim for the second time a peninsula in
the North Sea: Maasvlakte II.

From a morphological point of view the best option for
land reclamation was to incorporate the sandbanks in
the coastal zone into the developments of the future
port area. Figure 4, a satellite photo from 1985, shows

Regarding the rehabilitation of the damaged wetlands
of the above mentioned cases will learn that many
centuries were required to develop the habitat in wet-
lands and many years and a great deal of effort, time
and money will be needed to restore a degraded
habitat or to create a new one. The first priority should,
therefore, be focused on actions to avoid destruction 
or degradation of wetland functions and values. 
The guiding principle is: Prevention is better than cure.

b. Disturbance in the future
Will natural characteristics be disturbed in the future
when navigation developments take place; will the
disturbance be permanent or temporary? The objective
should be focused on measures to be taken for tempo-
rary protection during construction and for permanent
management of the wetland afterwards. The following
example will illustrate this. 

For navigation purposes it is proposed to connect two
rivers with each other. At the moment each river will
have its own ecosystem and related species. 
The construction of the canal between these rivers will
introduce aquatic organisms from one river into the
other river. This might have serious ecological impact.
Sometimes the alien species are so successful that the
original aquatic species fully disappear. In practice
between 5 to 20% of the established immigrant
species are able to develop populations dense enough
to turn them into pests. Solutions and protective
measures should be included in the planning phase of
the project. To reduce the migration of species the
installation of migration barriers should be considered.
For instance deterrent electrical systems could be
introduced. In both regions monitoring and control is
essential to prevent a reduction in the biodiversity of
the ecological system. 

c. Measures are insufficient
Are possible measures not sufficient to compensate the
impact of navigation development by good manage-
ment? In this case managers should prove which 
social needs urge for these navigation developments.
The objective should be focused on minimising adverse
effects by limiting the degree of action and on alterna-
tives with less impact on the existing wetlands. 

The social importance of wetlands is illustrated by the
small Dutch port Delfzijl, situated on the Wadden Sea,
a wetland along the coast of The Netherlands, 
Germany and Denmark. Figure 3 shows clearly the
different interests in a sound Wadden Sea. Any major
reduction in the environmental diversity of the Wadden
Sea may restrict the scope for future discovery and
development. The nature areas near the living areas are
a basic condition for sustainable development and for
the promotion of the quality of life of the people who
work and live there. The guiding principle is: Ecological
values benefit socio-economic values.

A Strategy for Westlands Restoration

Figure 4. Satellite photo, of the morphological situation in 

the coastal zone of Rotterdam, 1985, with the reclaimed area,

the Maasvlakte of Rotterdam at the top of the photo. North of

the Maasvlakte lies the deep fairway to Rotterdam. South of it

are the islands of South Holland. Natural developments have

caused the forming of sandbanks along the coastline. 



that nature had already started the formation of a new
peninsula south of the Maasvlakte. The sandbank is
orientated to the southwest and runs roughly parallel to
the coastline. Consequently the first designs were
related to these natural developments of the coastal
zone. Figure 5 shows a design made about 25 years
ago. It was one of the first alternative designs. It made
use of the forces of nature in an optimal way. From the
existing Maasvlakte the planned peninsula runs almost
parallel with the coastline. With this alternative there is
no need for hard constructions, like rocky dams and
breakwaters. 

However, man cannot live by morphology alone. 
During the dialogue with stakeholders ideas might
change. Moreover, various conventions and agree-
ments must be taken into account. Looking at this
particular site, decades of negotiations with the many
stakeholders in the region resulted in two strong lines
on the map. The first one is the so-called “demarcation
line”. This line was appointed in consultation with
nature organisations and people living in the area 
of Voorne, in order to minimise the effects of the
reclamation to the dune reserves. “No port and related
industrial activities shall be developed south of the
´demarcation line`.” The second line is the so-called
“Haringvliet line”. This came into being as a result of
the obligations of the RAMSAR convention. “No port
and related industrial activities shall be developed west
of the ‘Haringvliet line’.”So, the only space left for port
development is the coloured area jutting out into the
North Sea (see Figure 6).

e. Requirements of conventions
Are there local, national or international legislative
requirements relevant? The focus should be on compli-
ance with all legislative requirements. 

In addition to the obligations of the RAMSAR Conven-
tion, European legislation sets its own requirements,
for instance the European Directive on the conservation
of wild birds. This Directive establishes a complex
scheme for the protection of migratory and other wild
birds and their habitats. This is to be done by preserving,
maintaining or re-establishing a sufficient diversity and
area of habitats; that is by creating protected areas,
managing habitats inside and outside protected areas,
re-establishing destroyed biotopes and creating new
ones. The Birds’ Directive has designated various areas
in Europe for the protection of birds. For instance The
Netherlands has designated 79 areas for the protection
of wild birds. In addition to the protected areas, the
Directive includes a list of protected birds. 

Moreover, there is the European Directive on the
conservation of wildlife and natural habitats. In the
framework of this so-called Habitat Directive, 89 areas
have been designated as protected areas in The
Netherlands. The habitats directive sets rules for the
protection of natural habitats that are of importance for
wild flora and fauna. Various flora and fauna species
that are to be strictly protected are listed in appendices. 
The above-mentioned RAMSAR Convention and 
European Directives are not the only regulations. 
International concern has lead to a series of conventions
to protect the environment. National and international
legislation oblige to consider the consequences of port
development. In short: one has to comply with the
requirements of conventions.
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Figure 5. In the 1970s a design for the creation of a new port

area in the North Sea made use of the forces of nature. 

This idea has never been realised.

Figure 6. Area available for land reclamation in the coastal 

zone of the port of Rotterdam. As a result of legislative

requirements the so-called Maasvlakte II must be located north

of the “demarcation line” and east of the “Haringvliet line”.



hydrology and the required habitat is essential. The key
being that nature itself cannot be constructed. There-
fore the design should address the conditions for the
living species to survive, rather than the ecosystem
itself. The environment should be created so that the
desired ecosystem can function and regenerate in a
healthy manner. The ideal goal is a self-sustainable
ecosystem with minimal maintenance. By taking
advantage of natural developments the cost will be
minimised. Monitoring the natural developments and
adapting the design according to the findings is good
practice. 

The key process in the construction stage is the realisa-
tion of the required situation. Monitoring and control of
the environmental impact during construction should
be an integrated part of the programme of supervision.
However, wetland restoration projects might show
unforeseen occurrences and develop beyond control.
For those reasons, modifications may be necessary to
accommodate these unforeseen developments and 
to take advantage of newly acquired knowledge or
resources. In other words the principle of “adaptive
management” should be applied to wetland projects.

For the most part, dredging will be required for the
realisation. One of the main problems in dredging is the
re-suspension and settlement of sediment and conse-
quent turbidity caused by the dredging operations.
These can have impacts on the diversity of flora and
fauna and on their growth rates. As the sediments are
dispersed and then resettle, animals living on and in the
seabed can be smothered causing death. Much of the
“clean” dredged sediment is returned to the river or
seabed at a different location, often many kilometres
from the dredged area, thus the effects indicated
above will occur at both locations. This holds especially
true when the dredged material is polluted. Contami-
nated sediments, which were “locked” into the bed,
can be released by the dredging process. This may
increase the levels of contaminants available to be
taken into living organisms. In such cases special
environmental dredging techniques may be used that
prevent or limit the dispersion of sediment.

The deliverables of the third step will lead to a sound
wetland ecosystem as well as to sustainable develop-
ment of the navigation system. The purpose of all the
mentioned activities is the implementation of wise use
of wetlands in consultation with all stakeholders. 

THE FINAL STEP: EVALUATION OF SUCCESS

The final stage of the strategy is the post-construction
site management and the evaluation of success. 
An environmental assessment and feedback to the
result of activities must be carried out. If the results of
the review indicate that the methods are not achieving

f. Loss of ecological values
Can’t adverse effects be avoided? After all appropriate
and practical measures have been taken. The focus
should be on compensation measures to be taken by
replacing or providing substitute resources or wetlands.

To illustrate this, let’s go back to the plans of the port of
Rotterdam for the creation of the peninsula Maasvlakte II.
In May 1998, a key decision-making process for the port
extension of Rotterdam was started. Environmental
impact assessments were carried out. Public 
participation was essential in this process. Emphasis
was placed on a transparent decision-making procedure
in which the wishes of the community and the potentials
of nature development were coordinated. This turned
out to be both a technical and a social process. One of
the most important aspects in this process was the
introduction of a transparent process involving all 
interested parties and good effective lines of 
communication. In other words: show and evaluate 
all impacts.

The above-mentioned guiding principle is even more
valid as almost all large infrastructure works have
adverse effects on the environment. In such cases, any
loss of ecological values and each significant impact on
the natural environment must be compensated for.
Therefore it is advisable to start thinking about 
compensation from the very beginning of the project. 
For instance, for the future port area of Rotterdam it
has been decided that the 10 km2 of industrial area
shall be compensated by 7.5 km2 nature and recreation
area. In this way nature and environmental organisa-
tions agreed to the port expansion project at an early
stage. In the agreement Rotterdam is committed to a
maximum level of mitigation and the improvement of
the city’s built environment. The compensatory mea-
sures include the creation of a new coastal dune area
and wetlands as well as a marine reserve within the
estuary. In December 2003 the Dutch government
decided to participate in the investment of the project. 

THE THIRD STEP: IMPLEMENTATION

Implementation of the programme includes determining
methods to reach the goals and to incorporate them
into land-management strategies. In other words:
Design and construct. The key process of the design
stage is the draft of the required hydrology, the creation
of the layout and landscape and its visual quality, the
training of the people involved and the procedures to
monitor and control. The large variety of environmental
conditions connected with wetlands requires that the
local conditions be taken as a starting point for the
technical design of wetland functions. 

Hydrology is a key factor in the design. Understanding
of the hydrologic features and the relations between

A Strategy for Westlands Restoration
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the required goal, measures should be taken to
improve performance to the required level. This feed-
back loop can continue until the environmental audit
indicates that the goals have been achieved. A regular
time interval for this feedback is recommended. Atten-
tion should be given to an approach making use of
reference and target situations. This provides a policy
tool for translating the ecological data from the past and
present into practical and testable objectives. Such
references and ecological starting points may also give
others a more objective picture of the choices made. 

The process of management should however, not be
too strict. It should be regarded as a continuous, long-
term process. Managers must adopt a flexible approach
that will allow them to respond to the legitimate 
interests of stakeholders and adapt to the uncertainties
of the nature world. The planning process has to be
adaptive and dynamic. The plan must change or evolve
to meet varying factors both on and off the site. The
performance criteria developed should be based on
sustainable development with a minimum mainte-
nance. This type of adaptive management is a good
example of wise use of wetlands. 

The deliverables of the evaluation are related to the
rates of failure and success. To measure the rate of
success a monitoring programme must be set up. 
The results of the measurement are to be evaluated
against the target for each goal. The review of the
results will give inside information on both the
effectiveness of the measures taken as well as on 
the effectiveness of the management system. This 
will indicate any changes required to the goals and
actions. This process of evaluation and feedback will be
of guidance to the concept of continual improvement
of methods and performance.

Conclusions

A strategic plan for wetlands restoration should consider
various guiding principles: 
– Sustainable development: Integration of navigation

infrastructure and wise use of wetlands. 
– Balancing ecology and economy. 
– Participation of stakeholders from the very beginning. 
– Prevention to avoid expensive remedial actions is

better than cure. 
– Restoration of ecological values will benefit 

socio-economic values
– Comply with the requirements of national and

international conventions.
– Show and evaluate all impacts in a transparent way

with decision makers and stakeholders. 
– Adapt management to accommodate unforeseen

developments and take advantage of newly
acquired knowledge. 

– A good strategy is a must. 
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The EU Water Framework Directive (WFD), a Directive
establishing a framework for Community action in the
field of water policy (2000/60/EC), could offer an
opportunity to clarify matters. It requires that the whole
river basin be taken into account and therefore work
towards a properly understood sediment management
policy which, because of the mobility of suspended
matter, cannot stop at either local authority boundaries
or national borders. The problems which still exist with
dredged material can only be solved by controlling the
sources of the contamination. Policies for handling
sediments and dredged material require boundary
conditions (which must ultimately be European). 
The following remarks will assist in defining the
requirements for such sediment management.

SUSPENDED MATTER, SEDIMENTS AND

DREDGED MATERIAL

Suspended matter and sediments are original, essential
and dynamic components of aquatic systems which
occur naturally and are transported in watercourses by
the current. Suspended matter consists of organic and
inorganic solids. Sediments are the solid material found
on the waterbed. Suspended matter is deposited and
becomes sediment. which then can be whirled up and
become suspended matter again. 

Depending on the type of water body, the natural 
solid matter content is variable. Mountain streams are
largely free from suspended matter, whereas markedly
turbid zones form in estuaries with very high solid
content close to the saturation limit. Solids are an
essential habitat; suspended matter for living plankton-
type organisms and sediments for benthic organisms.
The biota of a watercourse corresponds to local
conditions and adapts to natural variations.

In the whole river basin, from the source down to the
sea, erosion, transportation and sedimentation of solid
substances take place and these are distributed and
mixed as part of the process. Sedimentation takes
place in areas of a river with little current such as

Abstract

Since dredging of waterways is crucial to the proper
functioning of ports, it is important to have an under-
standing of the nature of dredged material and of
sediment. To make possible the successful implemen-
tation of the EUWFD both for the purpose of achieving
the objectives of the Directive and also to secure the
future functioning of ports and waterways, sediment
handling must be included. The following remarks,
prepared by the Society for Port and River Engineering,
Technical Committee on Dredged Material /Fachauss-
chuss Baggergut der Hafenbautechnischen
Gesellschaft (HTG), are meant to assist in defining the
requirements for such sediment management.

HTG is a non profit-organization with techno-scientific
matters in the fields of inland and maritime ports and
waterways as well as coastal engineering. HTG
comprises more than 1600 corporate and individual
members and covers in Germany more or less the
same spectrum as PIANC does internationally. 

Introduction

For shipping and the economic functioning of water-
ways and harbours, regular dredging is of crucial
importance. Providing adequate water depths for
shipping produces an annual quantity of around 
45 million m3 of dredged material every year in Germany,
of which the overwhelming proportion is on the North
Sea coast. Most of this remains in the water and is
relocated. Where the sediment has a higher level of
contamination at certain points, the dredged material
has to be disposed of on land. This handling on land is
extensively covered by European or German regula-
tions, in particular the waste law. It must be said that
the particular characteristics of dredged material are not
given sufficient weight in these regulations. Disposal on
land is very expensive. Even when the contaminants
are widely spread over the river basin, the bodies
responsible for maintaining the waterways have so far
had to pay these costs themselves. 

Sediment Management in
the Context of the EU Water
Framework Directive
from the Point of View of Waterways
Maintenance for Shipping
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branches, behind dam walls, in harbour basins, 
on floodplains and marshlands during flooding. Floods
can lead to the clearing out of such sediment deposits. 

In estuaries and coastal areas large quantities of mainly
mineral materials are moved, leading to constant
morphological changes. In tidal parts of the river the
transportation of solid matter can take place in both
directions and marine substances can even be carried
upstream as a result of tidal pumping. Often the natural
sedimentation areas are severely restricted, e.g.
because of embankments and the loss of flooding
areas as a result of these. Consequently questions
about the solid matter budget in estuaries are
substantially more important and should be regarded
differently from upstream sections.

The processes of erosion or the discharge from land
surfaces can be controlled to a certain extent, e.g. by
constructing water edge strips. The transportation of
suspended matter cannot be influenced in practical
terms. Sedimentation rates in harbours and water-
courses are only predictable to a limited extent and can
be influenced by hydraulic engineering measures, but
not avoided.

Contaminants discharged into the waterway are accu-
mulated and bound to solid matter to a varying degree.
Transportation, dilution and therefore distribution of the
contaminants take place with these along the course of
the river to the sea. Many “small inputs”, which may
possibly all comply with emission regulations in them-
selves, can in this way accumulate and reach a level
which actually exceeds relevant target levels. 

Dredged material
Dredged material is, put simply, dredged sediment.
Dredging becomes necessary in ports and waterways
when reduced depths as a result of sedimentation
endanger shipping. In the most common method used
worldwide, dredged sediments are relocated to another
site in the watercourse. In this way the balance of
solids in the habitat is disturbed as little as possible.

These measures have effects on the flora and fauna of
the water, and the morphology is altered too. Shipping
itself can have similar effects on the waterbed and
water column, if the turn of the propeller causes sedi-
ment to be whirled up. Comparable processes, such as
increased turbidity, also occur naturally in water bodies,
to a substantially greater extent during storms and
floods. Numerous investigations show that the effects
of dredging and relocation are as a rule very small. For
mitigation various options are available whose use
should be investigated on a case-by-case basis.

At some places dredged material cannot be relocated
freely because of its contamination. Experience shows,
however, that for the large quantities produced during

maintenance of waterways neither disposal nor treat-
ment capacities are available and often there are also
legal restrictions to beneficial use, not to mention the
immense cost. 

In the estuary area of rivers the upstream transporta-
tion of uncontaminated marine sediments can cause
these to mix with contaminated upstream sediments.
The consequence of this natural “dilution” is some-
times a decreasing contamination gradient towards the
sea over short distances although quantities of contam-
inants transported remain unaltered. In these areas
particularly large quantities of dredged material are
produced. This can cause major problems for the
operators of ports and waterways, who are usually not
“responsible” for existing contamination originating in
the whole river basin, in disposing of the dredged
material.

SEDIMENT, DREDGED MATERIAL AND THE

WATER FRAMEWORK DIRECTIVE

The main objective of the Water Framework Directive
(WFD) is a good status or potential of water bodies
within 15 years. The details above make it clear that to
achieve the goals of the WFD it is necessary to look at
sediments. However, an assessment of the Directive
and the German LAWA (Länderarbeitsgemeinschaft
Wasser) Guidance on these shows that the question of
sediments is practically not mentioned. Only Article 2
states that “Environmental quality standards”, i.e.
concentrations of contaminants in sediments amongst
other things must not be exceeded and in Annex VIII
“Indicative list of the main pollutants”, Materials in
Suspension is listed under no. 10.

In the LAWA Guidance “Maintenance of waterways/
dredging/ removal of solids with effects on the hydro-
morphology and biology by interruption of the sediment
transported and direct mechanical damage to flora and
fauna” are mentioned but no further details are given. 
It is also noted that in transitional and coastal waters
“… the management of dredged material (is) to be
taken into consideration as particular pressure resulting
from the use of the sea”.

The WFD could assist in solving existing sediment
problems, as it contains comprehensive approaches to
analysis of waterways from the source to the mouth.
River Basin Management Plans and Programmes of
Measures should contribute to cleaning up sources
which cause contamination of the dredged material.
Such approaches have not, however, been discernable
so far.

Other existing EC Guidelines also fail to take dredged
material into account adequately. In addition to the
WFD and the Waste Policy Guidelines, the handling of
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sediment contamination so that future action can be
targeted to this.

Implementing the programme of measures should
reduce the input of contaminants to such an extent that
the quality targets for sediments and dredged material
are achieved. The existing contamination of suspended
matter or sediment may exceed the relevant quality
targets. If there is a widespread distribution of contami-
nants in rivers with a correspondingly widely increased
sediment contamination level, the question arises as to
whether it is reasonable to provide (expensive) special
treatment for the sediment for reasons of maintenance
removed far from discharges into the river. In this case,
transitional schemes should be developed to close the
source of the contamination and make it possible for
the sediment to remain in the waterway.

For sediment with a higher contamination level,
confined disposal in the water (like capping or
subaquatic disposal as used in The Netherlands) and
also possibly beneficial use in the direct neighbourhood
of the waterway from which it was taken (e.g. as earth
construction material) are sensible options for which
there are currently, however, no satisfactory legal
boundary conditions. The basic principles for these
options should be developed. If sediments have to 
be removed from the waterway because of their
contamination, very costly disposal on land is normally
necessary. Thought should be given to charging the
resulting costs to the cause of the contamination in 
the river basin. 

Conclusion: Outlook

For solutions to be found, it is necessary for sediment
handling to be included in implementation of the WFD
both for the purpose of achieving the objectives of the
Directive and also to secure the future functioning of
ports and waterways. This paper should be used as an
approach in setting up such discussions. 

References/Sources

In the Thematic Network SedNet promoted by the EU,
questions related to handling contaminated sediments
are being discussed over a 3-year period. By the end of
2004 a guidance document and comprehensive status
reports should be in place (www.SedNet.org). 
Many documents can be downloaded from the home-
page of the Technical Committee on Dredged Material
of the Hafenbautech-nische Gesellschaft, e.g. on
diverse areas ranging from the Dutch-German
exchange of dredged material to legal questions 
on handling dredged material (partly in English,
www.htg-baggergut.de), or for further information
contact Axel Netzband, axel.netzband@ht.hamburg.de.

dredged material is touched on as part of EU
environmental policy through the Soil and the Marine
Protection Communication. The latter has links, so to
speak, with the WFD area and overlaps with existing
dredged material regulations issued by OSPAR, 
HELCOM and others.

To ensure that future plans make it possible to act in an
environmentally friendly way, the handling of sediment
should be regulated as part of water policy. As the term
“dredged material” only refers to the material which is
actually moved, although its significance and effects on
other systems are much greater, a better concept for
discussion is the term “sediment management”.

SEDIMENT MANAGEMENT

Sediment management is necessary to ensure that the
requirements governing utilisation or protection of
watercourses are met, and also to protect sediments
as natural elements of watercourses. Completely
natural watercourses which are not subject to human
influence or requirements do not need sediment
management.

The Water Framework Directive promotes manage-
ment of river basins according to uniform criteria.
Where necessary the River Basin Management Plan
should be supplemented by a Sediment Management
Plan which takes into account the underlying needs
and represents part of an agreed maintenance plan
linked to the measures necessary to achieve the sedi-
ment quality targets. In doing so, the various conditions
of the catchment area must be taken into account. In
general it will be necessary to differentiate between
inland watercourses and tidal/coastal areas.

The components of a sediment management plan for a
particular river basin should include the following:
– Basic objectives and requirements within the

context of the River Basin Management Plan
– Evaluation and/or monitoring of sediment quality
– Action to reduce input of contaminants
– Action to reduce erosion and control the

sedimentation processes 
– Action to provide and maintain water depths, 

discharge conditions, the maintenance of wetland
areas, shallow water areas and retention spaces,
and clean-up measures 

– Framework for the disposal of sediments in the
water, i.e. relocation, or possibly sub-aquatic 
confined disposal 

– Options for beneficial use of removed sediment,
including on land.

Within the context of characterisation of the river basin
and monitoring there should be an analysis of which
input sources have what proportion of increased
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Dredging in a Sensitive Environment, Proceedings of
the World Dredging Congress XVII, Hamburg,
Germany, 27 September–1 October 2004. 
Published on CDROM. Abstracts in print. Published by
World Organization of Dredging Associations
(WODA).

Edited by Anna Csiti (CEDA).

The World Organization of Dredging Associations
comprises three sister groups, operating autonomously:
the Western Dredging Association (WEDA) serving the
Americas, the Central Dredging Association (CEDA)
serving Europe, Africa, and the Middle-East, and the
Eastern Dredging Association (EADA) serving the Asian
and Pacific region. The Associations that form WODA
are non-profit organizations dedicated to the exchange
of knowledge and information related to dredging,
navigation, marine engineering and construction. 
Members of CEDA, EADA and WEDA include designers,
builders and suppliers of dredging equipment, dredging
companies, port authorities, shipping and business
interests, academics, representatives of all levels of
government, and other stakeholders. World Dredging
Congresses are held every three years. WODA
delegates the responsibility of the organization to the
association in whose region the congress takes place. 
Since the current WODA was formed, the following
congresses have been held: Amsterdam (‘78),
Vancouver (‘80), Singapore (‘83), Brighton (‘86), 
Orlando (‘89), Bombay (‘92), Amsterdam (‘95), 
Las Vegas (‘98), Kuala Lumpur (2001), Hamburg (2004).

This year’s proceedings are published on CD-Rom, 
a first for the dredging professional communities. 
The self-starting CD, has a very friendly and completely
searchable programme that employs portable document
format, PDF, files.  

Since the proceedings are provided in digital format,
each section is shown upon start-up of the CD, in
terms of major document parts as “bookmarks” with
are expandable to get additional detail. This digital
format also allows the figures and photographs to be

seen in full color, a very nice feature that would be cost
prohibitive in printed format. Likewise, hotlinks to email
addresses of authors, and websites are possible in
digital format. While this presentation is a quantum leap
from printed proceedings, one feature that would have
been desirable is bookmarks from the table of contents
directly to the papers. Onetheless WODA and CEDA
are to be commended for this pioneering use of digital
publishing. The organization of the disk is as follows:

Conference Information: 
Welcome, Content, Sessions, Author Index, Sponsors,
Exhibitors, Organizers, Disclaimer, User Guide
Papers by Author
Papers by Title

The sessions extended over a four-day period, with
some sessions held concurrently. Each session, of
which there are 21, had its own theme or title, with
two titles with sufficient papers to cover two sessions
each, and one title with sufficient papers to cover three
sessions. A total of 96 papers and 12 poster presenta-
tions make up the proceedings.  



Proceedings, Western Dredging Association, 
Twenty-fourth Technical Conference and Thirty-sixth
Annual Texas A&M Dredging Seminar, July 6-9,
2004, Orlando, Florida, USA.
Center for Dredging Studies, Ocean Engineering 
Program, Civil Engineering Department, Texas A&M
University, College Station, Texas (CDS Report 
No. 377) Soft cover, 361 pp, illustrated. 

Edited by Robert E. Randall

As is evident from the title, the collaborative relation-
ship between the Western Dredging Association and
Texas A&M University continues to produce an impor-
tant contribution to the growing body of technical
literature related to dredging. Texas A&M University,
Center for Dredging Studies, is the only university level
technical curriculum in the USA dedicated exclusively
to dredging technology. Much credit must be given to
Dr. Robert E. Randall, Professor of Ocean and Civil
Engineering, Director for Dredging Studies at the 
Center, as well as to the technical paper committee
comprised of the editor, Mr. Steve Garbiciak, and 
Dr. Ram K. Mohan as chair.  

WEDA, one of the three regional bodies of the World
Organisation of Dredging Associations, is a technical
association representing the Western Hemisphere.
Once again, the conference and seminar offered an
impressive array of papers on a variety of subjects. 
The scope of subjects in the conference appears to 
be equally divided between the two sessions. 
Varying from case studies, surveying, bank stabilisation,
beneficial uses of dredged material, and subjects more
related to environmental aspects. It is a well balanced
presentation of the subjects and should find value
amongst a diverse audience. While the emphasis is
slightly different, it underlines the value of the collabora-
tive publication of both sessions.

In all there are 29 papers in the proceedings, 19 in the
WEDA Conference portion, and 10 in the seminar
portion. While each of the papers has its own intrinsic
value, of particular interest is the paper by T. Burt and
D. Hayes, which is a status report on an effort to
produce a framework of the steps and knowledge
needed to properly assess dredge generated plumes.
This pioneering work should result in an extremely
valuable reference for dredgers as the work continues.
Several papers report on aspects of capping and con-
fined disposal sites and the integrity of dredged form
mounds. These areas bear special interest in that they
provide disposal options for dredged material that
relieve otherwise stringent disposal constraints. 
Finally it seems appropriate to mention the paper by
the consultancy of Moffit and Nichols regarding the
challenge of meeting air quality constraints by dredging
equipment. What has been a “California problem” is

The sessions are listed below:

Session A1: Dredging And Ecology- (6 Papers)
Session A2: Dredging In Sensitive Environments –

Part 1- (3 Papers)
Session A3: Dredging In Sensitive Environments –

Part 2- (4 Papers)
Session A4: Introduction To The Environment Day- 

(2 Papers)
Session A5: Gaps And Regulations, (3 Papers)
Session A6: Gaps And Bridges – Case Studies, 

(3 Papers)
Session A8: Dredged Material Management- 

(6 Papers)
Session A9: Modelling As A Prediction Tool- 

(4 Papers)
Session A10: Remedial Dredging- (4 Papers)
Session A11: Advances In Dredging Technology- 

(5 Papers)
Session B1: Morphological Effects Of Dredging- 

(6 Papers)
Session B2: Treatment Of Sediments- (4 Papers)
Session B3: Managing Sedimentation- (5 Papers)
Session B4: Trends In Dredging Practices- (6 Papers)
Session B5: Measurement-(3 Papers)
Session B6: Managing Dredging Projects- (5 Papers)
Session B7: Confined Disposal Facilities- (6 Papers)
Session C1: Dredging Equipment – Part 1- (6 Papers)
Session C2: Dredging Equipment – Part 2- (4 Papers)
Session C3: Dredging Equipment: Part 3- (5 Papers)
Session C4: Selected Case Studies- (6 Papers)
Poster Papers (12 Posters)

It is not possible in this review to note all the valuable
papers, but it does seem appropriate to mention three
papers that bear the attention of the reader. This is no
way suggests that the other papers are less important
or worthy of mention. The papers are singled out for
illustrative purposes only.
– The Keynote presentation, “Balanced environmental

objectives and requirements in dredging projects,”
by Anders Jensen.

– “Environmental windows and the precautionary
principle: Does practice make perfect?” by Douglas
Clarke

– “Environmental risk assessment in dredging and
dredged material management: results from the
international navigation association (PIANC),
work group 10”, by J. Cura, N. Burt, J. Buceta, 
S. Challinor, D. Kevelam, W. Manz, A. Netzband, 
T. Olin-Estes, T.Suzuki, J. Gonzalez

The publication on CD-Rom is available from:
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
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34th Dredging Engineering Short Course
Texas A&M University,

College Station, TX, USA
January 10-14 2005

The Center for Dredging Studies Ocean Engineering
Programme at Texas A&M University is presenting its
annual short course for 5 days this winter. Two text-
books and course notes on all lecture materials are
provided. A certificate and continuing education units 
(-4.0 CEUs) are earned by attending the course. 
Lectures are given by well-known experts such as 
Dr. Randall, Craig Vogt, Michael Palermo, and Ram 
K. Mohan. The course fee is US$ 1295.00. 

For information contact: 
Dr. R.E. Randall, Center for Dredging Studies
Ocean Engineering Programme, Civil Engineering Dept., 
Texas A&M University, College Station TX 77843-3136
tel. +1 979 845 4568
email: r-randall@tamu.edu
Ms. Lori Navejar
tel. +1 979 845 4516, fax +1 979 845 4516
email: lori@civil.tamu.edu, http://edge.tamu.edu

International Conference on Remediation of
Contaminated Sediments

Sheraton New Orleans Hotel, Louisiana, USA
January 24-27 2005

This is the third Conference on the Remediation of
Contaminated Sediments, which is held biennially and
was previously held in Venice, Italy. The theme of the
2005 conference is “Finding Achievable Risk Reduction
Solutions”. The programme encompasses remediation
approaches, sediments management considerations,
policies and guidelines that affect decision-making, the
definition of remediation success, and lessons learned.
There will be a full conference programme with
panel/roundtable discussions. 

Two short courses will be held: Evaluating Sediment
Trasnport: Tools, Techniques and Application to Site
and Sediment Management Based on Comparative
Risk Assessment and Multicriteria Decision Analysis.

Organisations that supply the remediation industry with
services or equipment are invited to exhibit. 

For further information contact:
The Conference Group
tel. +1 800 783 6338 or +1 614 488 2030,
fax +1 614 488 5747
email: info@confgroupinc.com
www.battelle.org/sedimentscon

Dredged Material Assessment and Management
Seminar

Westin Copley Place, Boston, MA, USA
April 26-28 2005

Sponsored by the US Army Corps, the seminar focuses
on assessment and testing for waters regulated under
the Marine Protection, Research and Sanctuaries 
Act and the Clean Water Act. Aimed at DM testing,
assessment, and management specialists, Federal 
and State regulatory personnel and anyone managing
contaminated aquatic sediments it includes subjects
such as regulations and policies, testing manuals,
sediment quality guidelines, DOTS, EPA Technical
Framework, remediation and case studies.

For further information contact: 
Ms. Billie Skinner, +1 601 645 4702
Dr. Robert Engler +1 601 634 3624
Dr. Doug Clarke +1 601 634 3770

24th IAPH World Ports Conference
Shanghai International Convention Center, China

May 21-27 2005

This is the first IAPH conference to be held in China
and it will be the official celebration of the IAPH’s 50th
anniversary. The theme of the conference will be 
“The Challenges and Opportunities Facing the World’s
Ports”. There will be six working sessions including:
Impacts of Globalisation on Development of Port and
Shipping Industry; Port Development Strategies; Port
Security; Diversified Port Investment; Environment and
Dredging Projects; and Maritime Innovation.
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Themes include Port Planning and Design, Port and
Marine Environment, Port Related Maritime Operations,
Port Security and Port Related Transport, Handling and
Logistics. The conference is aimed at port authorities,
government agencies, the shipping community, port
consultants and contractors, and academic and
research institutions. A pre-registration form can be
found on www.portofrotterdam.com. 

For further information contact:
Port of Rotterdam, Mrs Deibel
PO Box 6622, 3002 Rotterdam, The Netherlands
tel. +31 10252 1311, fax +31 10 252 1020
email: secretary-tc@portofrotterdam.com

Europort Maritime 2005 
Ahoy’ Conference Centre

Rotterdam, The Netherlands
November 1-5, 2005

Owing to changing market conditions, the organisers of
Europort (Amsterdam RAI) and Rotterdam Maritime
(Ahoy’ exhibition, congress event management) have
decided to merge these international maritime trade
exhibitions. The combined Europort and Rotterdam
Maritime trade exhibition for the inland shipping, short
sea shipping, ocean shipping, fishing, dredging and port
equipment industries will be held for the first time in
November 2005 in Ahoy’ Rotterdam and thereafter in
odd years. 

It will also feature CEDA Dredging Days November 3-4,
whose theme will be “Dredging the Extremes”. 
For further information contact: CEDA Secretariat
email: ceda@dredging.com, www.dredging.org

For further information about Europort contact:
Ahoy’ Rotterdam
email: info@rotterdammaritime.com
www.rotterdammaritime.nl

Call for Papers

WEDA XXV and TAMU 37
Astor Crown Plaza Hotel,

New Orleans, Louisiana, USA
June 18-23, 2005

The twenty-fifth Western Dredging Association (WEDA
XXV Annual Conference and membership meeting) and
the Thirty-seventh Texas A&M Dredging Seminar
(TAMU 37) will be held in New Orleans, Louisiana in the
French Quarters. Technical sessions will be presented
June 20-22, 2005. The theme for the conference is

For further information contact:
International Association of Ports and Harbors
7th Flr. South Tower New Pier, Takeshiba
1-16-1 Kaigan Minato-ku, Tokyo 105-0022 Japan
www.iaphworldports.org

Second International Coastal Symposium
Nyheimar Cultural Center,

Höfn, Town of Hornafjördur, Iceland
June 5-8 2005

The Icelandic Maritime Administration is organising the
second conference on maritime issues in Höfn which is
amongst the most productive fishing villages in Iceland.
It is located at a tidal entrance on the heavily exposed
southeast coast of Iceland in the immediate vicinity of
Vatnajökull, Europe’s largest glacier. The livelihood of
the population in this area depends on the tidal
entrance to remain open and navigable. Eleven years
ago an International Coastal Symposium was held in
Höfn. The goal was to bring together engineers, geosci-
entists, geologists, meteorologists and other related
scientists to discuss sea-land interaction, shore stabili-
ty, tidal entrances, navigational problems and coastal
management with special reference to results for the
development and maintenance of ports and shores at
tidal entrances. 

For general information contact: info@icecoast.is 
For information regarding accommodation, excursions
and registration, please contact:
Congress Reykjavik
Engjateigur 5, IS-105 Reykjavík, Iceland
tel: (+354) 5853900 / Fax (+354) 5853900
email: congress@congress.is, http://www.congress.is 

For scientific information, please contact:
Gísli Viggósson, Director Research and Development
Icelandic Maritime Administration
Vesturvör 2, IS-200 Kopavogur, Iceland
tel: (+354) 5600000 / Fax (+354) 5600600
email: gisli@sigling.is, http://www.sigling.is 

International Conference on Port-Maritime
Development and Innovation

World Trade Center,
Rotterdam, The Netherlands

September 5-7 2005

The conference is the first jointly organised by the
Maritime and Port Authority of Singapore and the Port
of Rotterdam. It is a follow-up on the conferences Port
and Maritime R&D and Technology held in Singapore in
2001 and 2003. The objective is “to stimulate innova-
tion in port and maritime management, operations and
development through the presentation and exchange
of the results of applied research and technologies”.
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“Dredging for Sustainability”, and will be a unique forum
for discussion amongst dredging contractors, port
authorities, government agencies, environmentalists,
consultants, academicians, and civil and marine 
engineers who work in the fields of dredging, navigation,
habitat restoration, environmental remediation, and
marine engineering and construction. This is the “First
Call for Papers” for the three-day Technical Programme
and Exhibition. Topics of interest include but are not
limited to:

Dredging & Navigation Contaminated Sediments
Dredging Systems & Numerical Modeling
Techniques Geotechnical Aspects
New Dredging Equipment Superfund Projects
Surveying Dredging for Beach 
Cost Estimating Nourishment
Dredging Challenges Beneficial Uses of 
Project Case Studies Dredged Material
Automation in Dredging Wetland Creation and
River and Inland Dredging Restoration

The Technical Papers Committee will review all one-
page abstracts received, select and notify authors of
acceptance (including guidance on paper size, margin,
figures, etc.) for final manuscripts for production of the
proceedings on CD. The submission of an abstract
implies a firm commitment from the author(s) to pre-
sent the paper at the conference. 

Deadlines are as follows:
Submission of one-page abstract: December 17, 2004
Notification of authors: January 14, 2005
Submission of final manuscript: April 15, 2005

Interested authors should send their one-page abstract
to one of the following members of the Technical
Papers Committee:

Dr. Ram Mohan
Blasland, Bouck & Lee, Inc
500 N. Gulp Road
King of Prussia, PA 19406-2816, USA
tel. +1 610 337 7601 x 35, fax +1 610 337 7609
email: rkm@bbl-inc.com

Dr. Robert E. Randall
Department of Civil Engineering
Texas A&M University, College Station, TX 77843, USA
tel. +1 979 862 4568, fax +1 979 862 8162 
email: r-randall@tamu.edu

Mr. Steve Garbiciak. Jr.
Blasland, Bouck & Lee, Inc
30 W. Monroe St. Suite 1710, Chicago, IL 60503, USA
tel. +1 312 332 4937, fax +1 312 332 4434
email: sdg@bbl-inc.com 

being extended to other areas where air quality issues
are developing.

Other points that bear mention are the continued
inclusion of key words for each paper, thereby making
them easier to access from the literature, and the
inclusion of email addresses for presenters and
exhibitors at the event.

The publication is available 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, WA 98668 USA
Email: weda@juno.com
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Our Ship is Sailing
A New Year, a New Port.

IADC Dredging Companies move the earth. 
Their Secretariat is moving to new offices:

Alexanderveld 84 Mailing address: 
2585 DB The Hague P.O. Box 80521
The Netherlands 2508 GM The Hague
tel. +31(0)70 352 33 34 The Netherlands
fax +31(0)70 351 26 54 www.iadc-dredging.com
info@iadc-dredging.com

As from 8 December 2004 we welcome you
aboard at our new Secretariat!



Africa

Ballast Ham Dredging (Nigeria) Ltd., Ikeja-Lagos, Nigeria
Nigerian Westminster Dredging and Marine Ltd., Lagos,
Nigeria

The Americas

ACZ Marine Contractors Ltd., Brampton, Ont., Canada
Ballast Ham Sucursal Argentina, Capital Federal, Argentina
Ballast Ham Dredging do Brazil Ltda, Rio de Janeiro, Brazil
Dragamex SA de CV, Coatzacoalcos, Mexico

Asia

Ballast Ham Dredging India Private Ltd., Mumbai, India
Ballast Ham Dredging bv Singapore Branch, Singapore
Dredging International Asia Pacific (Pte) Ltd., Singapore
Hyundai Engineering & Construction Co. Ltd., Seoul, Korea
Jan De Nul Singapore Pte. Ltd., Singapore
TOA Corporation, Tokyo, Japan
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

Middle East

Boskalis Westminster M.E. Ltd., Abu Dhabi, UAE
Gulf Cobla (Limited Liability Company), Dubai, UAE
Jan De Nul Dredging, Abu Dhabi, UAE
Van Oord ACZ Overseas B.V., Abu Dhabi, UAE

Australia

Ballast Ham Dredging Pty. Ltd., Brisbane, 
QLD, Australia
Dredeco Pty. Ltd., Brisbane, QLD., Australia
Van Oord ACZ B.V., Victoria, NSW, Australia

Europe

ACZ Ingeniører & Entreprenører A/S, Copenhagen, Denmark
A/S Jebsens ACZ, Bergen, Norway
Atlantique Dragage S.A., Nanterre, France
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Ballast Ham Dredging Ltd., Camberley, United Kingdom
Ballast Ham Nederland bv, Gorinchem, Netherlands
Boskalis B.V., Rotterdam, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Westminster Aannemers N.V., Antwerp, Belgium
Boskalis Westminster Dredging B.V., Papendrecht, Netherlands
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
B.V. Bedrijfsholding L. Paans en Zonen, Gorinchem,
Netherlands

Draflumar SA., Neuville Les Dieppe, France
DRACE (Grupo Dragados S.A.), Madrid, Spain
Dravo S.A., Madrid, Spain
Dredging International N.V., Zwijndrecht, Belgium
Dredging International (UK), Ltd., Weybridge, United Kingdom
Heinrich Hirdes GmbH, Hamburg, Germany
Jan De Nul N.V., Aalst, Belgium
Jan De Nul Dredging N.V., Aalst, Belgium
Jan De Nul (U.K.) Ltd., Ascot, United Kingdom

Mijnster Beheer B.V., Gorinchem, Netherlands
N.V. Baggerwerken Decloedt & Zoon, Oostende, Belgium
Sociedad Española de Dragados S.A., Madrid, Spain
Sodranord S.A.R.L., Le Blanc-Mesril Cédex, France
Terramare Oy, Helsinki, Finland
Tideway B.V., Breda, Netherlands
TOA (LUX) S.A., Luxembourg

Van Oord N.V., Rotterdam, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Wasserbau ACZ GmbH, Bremen, Germany
Westminster Dredging Co. Ltd., Fareham, United Kingdom

Membership List IADC 2004
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.



International Association 
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