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EDITORIAL

In the world of dredging, projects come in all sizes and shapes, large and small,
complicated and straightforward. Some take place day in and day out, without
much notice or glory: the replenishment of beaches; the maintenance dredging of
harbours and access channels. These are bread-and-butter activities, which keep
the wheels of our society greased but go largely unnoticed. Until they stop, of
course.

But some projects are clearly eye-catchers, and in this issue of Terra three pro-
jects which could be called “headline” projects of the last decade are described.
They represent major infrastructure construction in which dredging has played an
integral role: the installation of the NorFra Pipeline, an extensive high pressure
pipeline going from the natural gas fields of Norway to the coast of France; the
Øresund project, a fixed link with a combination of a double track railroad and a
four-lane highway connecting Denmark and Sweden; and lastly, the creation of
the new airport platform of Chek Lap Kok in Hong Kong, built of dredged marine
fill.

Common to all three of these projects, besides the use of high-tech plant, are
specially designed software programmes. Without them these projects could never
have been accomplished in the same cost-effective, environmentally responsible
manner. Clearly, the ability to create sophisticated computer modelling has cata-
pulted the industry into a new level of achievement, allowing dredging to take
place ever more efficiently, with a growing consciousness of the environment,
whilst still finding economically viable solutions. 

What impact will the forespelled Y2K problems have on the dredging industry?
The verdict is still out. Until now, however, the dredging industry and its clients
have been served well by the implementation of  computer applications and by 
the auxiliary suppliers who develop these programmes. They have helped make
dredging a safer, cleaner and more effective enterprise.

Marsha R. Cohen
Editor



Further south at KP 758, the NorFra pipeline route
crossed the Interconnector pipeline which goes from
Bacton, UK to Zeebrugge, Belgium and was also in-
stalled in 1997, just prior to the installation of the
NorFra pipeline.

The landfall section runs at Dunkirk from KP 825 to 
KP 835, before reaching the beach. In this section,
several shallow sandbanks had to be crossed. A tem-
porary cofferdam was installed on the beach in order to
install the pipeline safely over the last 500 metres of
the route. 

On land, the pipeline crosses the Canal des Dunes
through a tunnel and has been further installed up to
the terminal building.

Abstract

During 1995, the Governments of Norway and France
entered into an agreement to transport natural gas
from Draupner to Dunkirk, France. As a result, 
Den Norske Stats Oljeselskap A.S. (Statoil), as operator
for the NorFra Joint Venture, planned the NorFra trans-
portation system. This 42” diameter, 835-km-long, high
pressure natural gas pipeline designed for 156.8 bar
was laid from the Draupner E platform in the Norwegian
Continental Shelf to Dunkirk, at the northern coast of
France. 
Partners in the NorFra consortium were Statoil, Norsk
Hydro, Saga Petroleum, Esso Norge, Mobil, Total, Elf
Petroleum, Norsk Agip, Norske Shell, Neste Petroleum
and Norske Conoco.

Introduction

The route of the NorFra pipeline starts from the
Draupner E platform in North Sea block  16/11, and
comes ashore at Dunkirk on the coast of northern
France. Over a distance of 835 km, it crosses the
Norwegian, Danish, German, Dutch, Belgian and
French Continental Shelves (Figure 1).
During the 1997 season, the pipeline was laid by the
laybarge LB 200 from the Draupner E platform at 
KP 0 towards KP 546. Simultaneously, a second lay-
barge DLB 1601 operated from KP 546 to the Dunkirk
landfall.

Presweep activities for seabed levelling started at 
KP 591. From KP 591 to KP 726, the NorFra pipeline
has been installed at between 50 to 100 m parallel to
the Zeepipe gas transportation system which remained
operational during all dredging and pipelay activities. 
At KP 726 the NorFra pipeline crossed the existing
Zeepipe pipeline and diverged in the southwestern
direction towards Dunkirk.

NorFra Pipeline Installation Project
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Noël Pille

Noël Pille

NorFra Pipeline Installation 
Project: Pretrenching, Seabed 
Levelling, and Landfall 
Dredging and Civil Works

Mr Pille graduated as a Mechanical
Engineer from the University of
Ghent, Belgium in 1975. He then
joined the dredging department of 
Jan De Nul N.V. Since 1992 he has
been Manager of the offshore works
department of their International
Dredging Division. This department is
involved with trenching and backfilling
works for the installation of offshore
pipelines, rock dumping and ballasting
of offshore structures, shore approach
dredging and landfalls, and other
offshore industry works.



CONTRACT FORM

Four dredging packages were tendered separately by
Statoil, and in one combination, a contract of approx.
US$ 80 million was awarded to Jan De Nul. The Con-
tract Form was a target lump sum, with an agreement
between the Company and Contractor to share on a
50/50 basis the underrun between this target sum and
the actual installation costs. 
This formula proved to provide the best incentive for
both parties to arrive at the lowest project cost. Based
on daily coordination between the Company and
Contractor, and flexibility and understanding from both
sides, savings have been achieved from all aspects of
the project, resulting in a considerable underrun with
respect to the original budget. 

SCOPE OF WORK

The total dredging scope contracted to Jan De Nul
involved the following sections:
– Offshore presweeping of sand dunes on the seabed

over a distance of approximately 230 km on the
Dutch, Belgian and French Continental Shelves. 
This enabled the pipeline to be installed within
acceptable stress and strain and freespan criteria. 

– Pretrenching in stiff clay at the location of the
crossing of the Westhinder Shipping Lane on the
Belgian Continental Shelf, and protection of the
pipeline with at least 1 m of gravel above top of
pipe. 

– Dredging, backfilling and civil works related to the
shore approach, beach crossing and pipepull at
Dunkirk.

PRESWEEPING OF THE SANDWAVE AREAS

Before installation of the pipeline, presweeping of sand
dunes was required from KP 591 to KP 825 in order to
level the seabed. This enabled the pipeline to be in-
stalled within permissible limits with regard to span
lengths, pipe stresses and off bottom clearances
(Figure 2). A total quantity of approx. 1,200,000 cubic
metres was dredged in order to provide a minimum 
10 m wide pipelay corridor.

Depending on the progress of the pipelay vessel, one
or more trailing suction hopper dredgers were used in
order to remain an average of 30 km in front of the
laybarge. This reduced the risk for maintenance dred-
ging, but on the other hand provided a 10 day contin-
gency in order not to slow down the pipelay vessel at
any time.

The key vessel for the presweeping was the new very
large trailing hopper dredger Gerardus Mercator
(18,000 m3). The introduction of new technologies
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Figure 1. Nautical chart of the North Sea. The dotted line
shows the route of the pipeline from the Draupner E Platform
to landfall at Dunkirk in northern France.



Figure 2. A typical presweep longitudinal profile.

equipped with a heavy and wide draghead, was put to
work and successfully completed the trench excavation. 
After pipeline installation, sea-dredged gravel was
placed on top of the pipeline by the dredger Cristoforo
Colombo in order to provide a minimum cover protec-
tion of 1.0 m above the pipeline. For accurate installa-
tion of the gravel, this dredger used one of its suction
pipes as a fallpipe.

such as dynamic tracking, a very wide presweep drag-
head and multibeam survey on this dredger resulted in
increased presweep productions with better horizontal
and vertical tolerances. This very large and heavy sea-
going dredger also managed to work without any
weather and technical delays in the period between
May and July 1997.

Special safety procedures had been developed during
presweeping between KP 591 and KP 726 as these
works had to be executed approx. 50 m parallel to the
Zeepipe gas transportation system under operation.
During dredging, the position of the Zeepipe was
visualised on the dredge computers by means of the
multibeam survey system installed in the moonpool of
the dredger (Figure 3). Also an emergency draghead
hoisting system was installed just in case the position
of the draghead were to come within the  pre-defined
minimum distance from the Zeepipe pipeline.

TRENCH DREDGING AND BACKFILLING IN

THE WESTHINDER SHIPPING CHANNEL

At the Westhinder Shipping Channel on the Belgian
Continental Shelf, a trench had to be excavated to
ensure that after installation the top of the gas pipeline
would be  at a depth of minimum 1.0 m below the
original seabed over a length of 5,340 m (Figure 4). 
The soil consisted of very stiff clay with a shear
strength of over 120 KPa which normally would have
required excavation by means of a cutter suction
dredger. However, in view of the water depth of more
than 40 m, extensive modification to this type of
dredger would have been needed. Therefore the new,
very large trailing hopper dredger Gerardus Mercator,

NorFra Pipeline Installation Project
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Figure 3. The on-line multibeam survey which was installed on
the dredger Cristoforo Columbo shows the position of the
Zeepipe installation.



Figure 4. A trench profile in the Westhinder Shipping Channel
before and after backfilling.

TRENCH DREDGING AND BACKFILLING OF

THE LANDFALL SECTION

In the sandbank area at the shore approach at Dunkirk,
access depth and width have to be provided for the
shallow draught pipeline installation vessel Castoro
Due. Access dredging was executed in the sandbanks
Banc St-Pol, Banc Snouw, Banc Breedt and Banc In
Ratel at a level of å6 m LAT by means of the shallow
draught hopper dredgers Galilei and Amerigo Vespucci,
and the very powerful sea-going cutter dredger Marco
Polo.
In addition to the floatation channels, a trench to 1.5 m
above final pipeline level with 10 metres minimum
bottom width had to be dredged. During execution, it
was decided to dredge the trench down to the final

pipeline level in order to save on the costs and risks of
post-trenching.
In particular in sections where clay and dense soils had
to be dredged, the cutter suction dredger Marco Polo
has been used successfully. The dredged materials
were loaded into the hopper barges Ni–a and Pinta
moored alongside this dredger in order to limit the
obstruction to navigation in the shipping channel of
Dunkirk. 
The last 225 m in front of the cofferdam were dredged
by the Marco Polo at high tide in order to avoid over-
dredging as regards floatation requirements (Figures 5
and 6).

DREDGE PROGRAMME FOR THE SHORE

APPROACH

In view of environmental restrictions with respect to
fishing grounds, dredging in the landfall section was not
allowed to start before the 1st of May. Based on the
programmed time for the dredging work, the resulting
pipepull date had been scheduled for June 10th.
When the pipelay vessel became available earlier than
scheduled, the Company asked the Contractor seek
permission to enable the pipepull to take place 20 days
earlier. For this purpose, cutting through the sandbanks
was rescheduled by means of the highly productive
Marco Polo, with the trailing hopper dredgers pretren-
ching the offshore part which was allowed to be com-
pleted later.
Through a combination of the very high production
rates of the cutter dredger and a good weather win-
dow, the Marco Polo managed to reach the cofferdam
on May 20th, just 4 hours before the arrival of the
pipelay vessel Castoro Due.

PIPELINE COVER WITH GRAVEL IN THE

SHIPPING CHANNEL

To protect the pipeline from damage from anchoring in
the shipping channel, the pipeline was covered with
sea-dredged gravel. The gravel was installed by the
large trailing hopper dredger Gerardus Mercator using
controlled discharging through her bottom doors over a
very short period of only 5 days (Figure 7).
Without relaxing the engineering specifications as
regards the required cover, considerable savings were
made in working time and in costs as a result of using
this very large dredger, compared with using rock
dumping vessels for the installation of engineered
backfill material.

COFFERDAM INSTALLATION

In order to allow the safe and stable installation of the
pipeline in the beach section at Dunkirk, a 520-m-long
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Figure 5. A view from the sea, looking landwards, the sea-
going cutter dredger Marco Polo dredging the shore approach
in front of the cofferdam at Dunkirk.



Figure 6. A view from the shore, looking out to sea, of the installation of the cofferdam and winch foundations at Dunkirk.

from which the sheetpiles are driven. This allowed the
work to be done without interruption, undisturbed by
either tides or sea-state conditions. 
After installation of struts and wallings in between the
sheet-piled walls, trench excavation took place by
means of a clamshell and underwater pump equip-
ment. The landward section was installed using tracked
land-based equipment working during low-water
periods.

and 6-m-wide cofferdam was designed (Figure 8). 
The cofferdam was situated from the –3.0 LAT contour
level to the high-water level on the beach. As a result,
the cofferdam had to be constructed partly from the
beach and partly from offshore with the aid of a jack-up
platform. This method was introduced on the
Zeebrugge landfall for the Interconnector pipeline, and
was also successfully applied on the Norfra pipeline.
For the seaward section, a jack-up platform was used

NorFra Pipeline Installation Project
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Figure 7. The very large trailing hopper dredger Gerardus Mercator installing a gravel cover on the pipeline in the shipping 
channel at Dunkirk.



PIPELINE POST LOWERING

During execution, the Company requested the section
of the pipeline at the end of the cofferdam to be in-
stalled 2 m deeper than originally planned in order to
provide additional safety and protection. To avoid the
additional cost of longer sheetpiles, Jan De Nul pro-
posed to delete the cofferdam over this last section,
and to post-lower the pipeline after installation during
periods of low tide. This method had been introduced
successfully on the Zeebrugge landfall of the Intercon-
nector pipeline, and was now also applied with success
on the NorFra pipeline (Figure 9).

BEACH CIVIL WORKS

Prior to excavation of the winch area, the existing road
was diverted to form a by-pass road section around the
winch area. The dunes at the proposed area for the
winches were excavated to the bottom foundation
level. 
Concrete form work was set and the foundations for
the winches and ancillary equipment poured. Double
sheet-piled walls combined with tie rods were installed
as an anchor wall for the 800 ton winch set up.

SAFETY

It was a declared objective at the contract signing to
improve safety by training and by increasing people’s
awareness of a healthy and safe working environment.
Safety on board the dredgers was improved by paying
close attention to the working conditions, to wearing
proper safety clothing and to keeping all safety devices
and signs in good condition. 

A special project safety video film was made in order to
introduce the crew, staff and visitors to all safety
aspects of the project. Also, a safety training course
was required for all personnel staying more than 3 days
on board the vessel. Visitors for less than 3 days were
given a short, but detailed, safety introduction.
All these measures contributed to the success of
meeting the challenging target of no lost time
accidents.

POSTSCRIPT: POST-TRENCHING

A contract was awarded to HAM, dredging and marine
contractors with its partner EMC to trench the pipeline
down from the as-laid level to the final pipeline level,
which is 0.70 to 2.00 m. below the seabed. The total
length to be trenched was from the Doggersbank at 
KP 269 to Dunkirk at KP 825.
Owing to the very short time between laying of the
pipeline and the unworkable winter period in the North
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Figure 8. To ensure the safe and stable installation of the
pipeline, a 520-m-long and 6-m-wide cofferdam was
constructed, partly from the beach outwards and partly from
offshore with the aid of a jack-up platform.

Figure 9. The NorFra pipeline being post-lowered by 2 metres
after the pull-in.



On the Castoro 10 the work was supplied by high
pressure pumps on deck and transported through
hoses to the underwater nozzles of the jetsled. Moored
at anchors, the Castoro 10 pulls the jetsled along the
pipeline. The Geopotes 14 completed the trenching
work in December 1997. 

Conclusions

Based on daily coordination between the Company and
Contractor, savings have been achieved from all
aspects of the project, resulting in a considerable
underrun with respect to the original budget. Savings
(20 percent below the targeted lump sum) were
achieved from:
– optimalisation of working methods during construc-

tion;
– introduction of new technologies and high capacity

dredgers;
– flexible availability of dredgers in view of pipelay

production, resulting in reduced maintenance; and 
– no weather delays.

The underrun between the target lump sum stipulated
in the contract and the actual installed costs were
shared between the Company and Contractor on a
50/50 basis. In addition, besides saving on costs, the
common objectives of having no accidents or incidents
and keeping to the time schedule were also achieved.

Sea, four trenching tools were used for this project.
Each piece of equipment has specific capabilities to
cope with the different soil conditions of the southern
North Sea. 

The Doggersbank with cohesive soils and trench
depths of  0.70 m was trenched with the PL2 (plough)
and support vessel Bar Protector. Additional tugboats,
totalling 30,000 hp installed, are required to pull this
plough. The southern section with the sandwaves and
variable trenching depths was trenched with the
trencher HAM 950, Geopotes 14 with jetty device, and
the Castoro 10.

The trencher HAM 950 is a remote-controlled under-
water vehicle that is designed to bury pipelines working
to a maximum water depth of 500 m. Energy and
controls are supplied from a support vessel (HAM 602)
through an umbilical to the trencher. The trencher is of
neutral buoyance but has an above-water weight of
100 tonne. This very complex robot moves along the
pipeline whilst jetting away the sand under the pipeline
and lowering the pipeline to the required depth. 

The trailing suction hopper dredger Geopotes 14 was
equipped with a Mass Flow Excavation (MFE) jetframe.
By means of this jetframe, very powerful waterjets
penetrate the bottom and bring the soil in suspension.
The water flow removes the suspended sand and a
trench is made into which the pipeline sinks. The water
for the MFE is supplied from the jet and dredge
pumps.

NorFra Pipeline Installation Project
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Figure 10. The trencher HAM 950, a remote-controlled
underwater vehicle designed to bury pipelines to a maximum
depth of 500 m.

Figure 11. The trailing suction hopper dredger Geopotes 14,
equipped with a Mass Flow Excavation jetframe, which
penetrates the bottom with powerful waterjets.



Abstract

The relatively clean and clear water in the Øresund
makes it a difficult environment in which to carry out
large dredging operations. For this reason, the Øresunds-
konsortiet initiated an environmental monitoring and
environmental management programme called “feed-
back monitoring” to navigate this huge and complica-
ted construction work safely through a set of strict
environmental regulations laid down by the Danish and
Swedish authorities. 

Environmental monitoring traditionally uses methods
that need a long period of observation before one can
judge with statistical certainty whether a development
is a lasting change or an occasionally occurring natural
variation. In connection with the construction of the
Øresund Link, an environmental monitoring pro-
gramme has been established which allows a much
quicker evaluation of impacts, in order to make adjust-
ments in the construction activities as observed effects
follow or vary from predictions.

This so-called feedback monitoring includes selected
variables that over short periods of time show quanti-
fiable changes as a result of impacts from the construc-
tion work. The use of computer models makes it possi-
ble at an early stage to assess whether a feedback
action should be taken or not, given the results of the
monitoring and the future work plans.

Introduction

A fixed link between Denmark and Sweden is currently
under construction. The link consists of a combination
of a double-track railroad and a four-lane highway. 
The link goes through a submerged tunnel under
Drogden, crossing an artificial island south of Saltholm,
leading to a high bridge crossing the Flinterenden to
Linhamn on the Swedish coast (see Figures 1 and 2).
An environmental monitoring and environmental
management programme called “feedback monitoring”

has been initiated by Øresundskonsortiet to navigate
the huge and complicated construction work safely
through a set of strict environmental regulations laid
down by the Danish and Swedish authorities. 
The feedback monitoring programme is designed and
carried out by the Feedback Monitoring Centre, which
has been set-up and run by a co-operation between VKI
in partnership with Toxicon A/B and Danish Hydraulic
Institute (DHI) in joint venture with LIC Engineering
(LIC).

THE FEEDBACK MONITORING CENTRE

The scope of work for the Feedback Monitoring Centre
is to implement, maintain, run and manage Øresunds-
konsortiet’s feedback monitoring programme. 
The backbone of the environmental control and
management during the construction phase is the
environmental information system, EAGLE. The Feed-
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Anders Jensen and Jens Erik Lyngby

Environmental Management
and Monitoring at 
the Øresund Fixed Link

Figure 1. Map of Denmark and location of Øresund.
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Dredging and handling of large quantities of soil in 
the marine environment unavoidably lead to the spill of
a larger or smaller fraction of the finest particles. 
The spilled sediment is carried away by currents or
waves and can, even though it consists of unpolluted
material, have an undesirable negative impact on the
ecosystems in the sea. High concentrations of sedi-
ment in the water column can reduce or even com-
pletely switch off the life supporting light coming down
to the seabed, where light-dependent plants such as
eelgrass form large sheltered areas for e.g. schools of

back Monitoring Centre is one of the major suppliers of
environmental data and model results to EAGLE and at
the same time acts as Øresundskonsortiet’s feedback
advisor and manager. Feedback management and
advice is based on the EAGLE system.

Furthermore, the Feedback Monitoring Centre is
Øresundskonsortiet’s environmental monitoring and
supervision unit, which means that a certain level of
readiness is implemented by the Feedback Monitoring
Centre to monitor unforeseen events, e.g. oil spills, or
to react to and evaluate other environmental effects,
which third parties postulate are caused by the con-
struction activities. The Feedback Monitoring Centre is
run by experienced experts in biology, sedimentology
and numerical modelling to secure that the Feedback
Monitoring Centre can deal with all possible environ-
mental problems which may arise during the construc-
tion phase. Furthermore, the Feedback Monitoring
Centre may draw from the comprehensive base of
knowledge shared by the partners involved.

Large construction activities in the marine environment
will unavoidably cause some temporary and permanent
changes or even damages to the environment. 
The permanent effects of the fixed link between
Denmark and Sweden, including changes in water
flow, morphology, landscape, and such, have been
minimised through a careful, costly and environmen-
tally optimised design of the fixed link. The permanent
effects, which will be small compared to the temporary
effects, have been described in “The Øresund Link:
Supplementary Assessment of the Impacts on the
Marine Environment of the Øresund Link, Øresunds-
konsortiet 1995”.

In the case of the Øresund Link, the temporary environ-
mental impacts caused by the construction activities
are closely related to the spill of sediment (soil particles)
from the marine dredging and landfill operations. 

Environmental Management and Monitoring at Øresund

11

Anders Jensen is a Cand. Scient. in
Physical Geography from the University
of Copenhagen, Denmark (1985).
Since 1986 he has worked with
dredging-related monitoring and
environmental management. He is
presently head of the department for
environmental management at the
Danish Hycraulic Institute.

Jens Erik Lyngby is a Cand. Scient.
from the Univeristy of Aarhus,
Denmark (1981). He is presently Chief
Consultant at VKI, Institute for the
Water Environment, and Project
Manager for the Feedback Monitoring
Centre.

Anders Jensen

Jens Erik Lyngby

Figure 2. View over the fixed link across the Øresund.



Figure 3. Distribution of eelgrass (Zostera Marina).

fish. High sedimentation rates can lead to the burial and
extinction of mussels living in large colonies around
Saltholm. 

The Danish and Swedish authorities have laid down an
overall maximum limit of 5% of the sediment spill from
the construction activities. In order to meet the other
environmental restrictions laid down by the authorities,
the Owner has imposed maximum daily and weekly
spill rates. These limitations have been assessed by
numerical modelling of the effect on e.g. eelgrass
caused by various dredging scenarios.

All results from the feedback monitoring programme
are presented to Øresundskonsortiet and the authori-
ties through the advanced environmental information
system EAGLE. EAGLE is based on a geographical
information system and contains all environmental data
related to the fixed link across Øresund. The data is
supplied not only by the work of Feedback Monitoring
Centre, but also by the authorities’ general monitoring
programme and the Contractor’s spill monitoring pro-
gramme. 

THE ØRESUND

The Øresund is the easternmost of the three straits
connecting the Baltic Sea with the North Sea. 

The Øresund region is densely populated and Øresund
itself and its shores are popular recreation areas.
Through the last 25 years the local communities sur-
rounding the Øresund have invested large sums in
waste water treatment plants and other environmental
improvements, so that the water quality in the Øresund
today has reached a very high standard. A visibility in
the water of more than 10 m is not uncommon, and
eelgrass can grow at water depths greater than 6 m. 

The relatively clean and clear water in the Øresund is 
a difficult environment in which to carry out large
dredging operations. Even minor sediment plumes 
are clearly visible and the relatively strong currents
transport the spill from dredging operations over long
distances.

Hydrography 
The currents in the Øresund are like the currents in the
two other Danish straits mainly governed by the
meteorological conditions over the Baltic Sea and the
North Sea. In periods where westerly winds prevail,
inflow to the Baltic Sea takes place causing south-going
currents in the Øresund. In periods with easterly winds
the current in the Øresund is north-going allowing the
Baltic Sea water to flow out. Current velocities over
two nautical miles per hour are not rare in the Øresund,
whereas wave action is limited owing to the lack of
large free stretches.
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Figure 4. Distribution of common mussels (Mytilus edulis) in
the Øresund.



2 mg of dry matter per litre sea water (mg/l), but locally,
in front of wave exposed shores, the sediment concen-
tration can reach 20 mg/l. During calm winter periods
the concentration of particles in the water is close to
zero and during such periods the seabed is visible
down to 20 metres below the sea surface.

Eelgrass meadows
Beds of the marine flowering plant eelgrass (Zostera
marina) cover extensive parts of Danish coastal areas.
The vegetation surrounding the link is characterised by
a few, but dominating, species and here the most
important one is also eelgrass. Eelgrass is found on
sandy seabeds in shallow waters, in general between 
1 and 6 m (see Figure 3). The dense meadows of the
shoots with the long, band-shaped leaves act as impor-
tant feeding and breeding grounds for many animal
species, also important commercial fish species. Eel-
grass is an important food source for the mute swan.

Filamentous algae (in Danish FedtMøg) grow in the
eelgrass meadows, which also act as a trap for freely
drifting mats of living, dead or decaying algae, in the
same way as current and wave action are reduced
owing to the plant cover. Around Saltholm, eelgrass
beds cover an area of approximately 60 km2. 
Along the coast of Amager eelgrass covers an area of
about 28 km2 and along the Swedish coast the area
where eelgrass meadows are found covers at least
48 km2.

Mussel beds
Large parts of the seabed surrounding the Øresund
Link are dominated by hard bottom and places exist
where even the limestone rock is exposed. Such areas
form brilliant places for the common mussel (Mytilus
edulis). The mussel attaches itself to hard substrates,
the rocky seabed, stones, shells of dead mussels or
even living mussels, with a bundle of thin threads
produced by the mussel itself. Mussels may form thick
layers of dead and live mussels. Whenever the
mussels cover more than 40% of the seabed it is
characterised as a mussel bed. Dense populations of
mussels are present in the vicinity of the alignment and
on mixed seabed types in deeper water north-west of
Saltholm. The distribution of mussels in the Øresund is
shown in Figure 4.

The area of mussel beds in the Drogden Channel and in
the vicinity of the alignment is approximately 46 km2.
Thirty per cent of the mussel beds are located at
depths of less than 6 metres. The weight of the living
mussels including their shells is estimated to be around
92 thousand metric tonnes. Twenty per cent of the
mussel beds are found in shallow waters, i.e. at depths
less than 6 m. The mussels in the Øresund are con-
sumed by eider ducks in the spring and by tufted ducks
and golden-eyes during the winter. They are not impor-
tant as a food supply for fish.

The brackish water of the Baltic Sea is much lighter
than the salty water of the North Sea coming through
Kattegat. This difference in density gives rise to the
formation of two or even three water layers in the
Øresund. From time to time the salt water underlying
the brackish surface water will flow from the north into
the Baltic Sea carrying fresh supplies of oxygen-rich
water to the deeper parts of the Baltic Sea. Such
inflows are important for the environment in the Baltic
Sea and great care has been taken to achieve a so-
called zero solution for the Great Belt Link and the
Øresund Link. 

In order to compensate for the unavoidable reduction
of the currents in the two straits caused by bridge piers
and other construction elements, compensation dred-
ging is included in the two projects. By increasing the
water depth in the link area by dredging it is possible,
through careful planning and design, to maintain the
natural exchange of water between the Baltic Sea and
the North Sea after the construction of the fixed links. 

Geology and sediments
The seabed in the Øresund is formed by the currents
and, in the shallow areas, also by the waves. In the
area close to the link the seabed typically consists of
coarse material such as sand and gravel with occasion-
al stones and boulders. This type of seabed has devel-
oped where the currents have eroded the finer parti-
cles from the underlying glacial till leaving the coarser
material behind as a protective carpet. Beneath the
glacial till, which in general is less than 10 m thick,
limestone is found. Skeletons of microscopic animals
living in a sea more than 60 million years ago form the
limestone.

In the deeper parts of the Øresund north and south of
the link area the seabed has been built up through
thousands of years of deposition of fine particles. 10 to
20 m of mud have been deposited in these areas since
the end of the ice age. This process is still active and
today between 30,000 and 100,000 tonnes of mud are
deposited each year corresponding to an average layer
of around 2 mm. Most of the sediment accumulating
here comes from the Kattegat and the North Sea,
whereas very little comes from the Baltic Sea. 

The yearly gross transport of fine-grained sediment
through the Øresund has been estimated to be around
200,000 tonnes/year. Fine-grained sediment comes
from rivers and local shore erosion as well as sedimen-
tation of algae living in the free waters of the Øresund.
Especially after the spring and autumn blooms the
sedimentation of dead algae can often be seen as
white layers in the transition zone between the two
water bodies. 

As discussed before, the natural content of particles
(sediment) in the Øresund is very low, generally below
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DREDGING AND RECLAMATION WORK

During construction of the fixed link approximately 
7 million m3 of material has to be dredged from the
seabed. The dredging is necessary both for construc-
tion purposes and to compensate for the reduction in
water flow.

The dredged material is utilised for construction of the
artificial island south of Saltholm (Pebberholm) and for
the peninsula located east of Kastrup Airport (see
Figure 2). These landfill operations take place behind
closed bunds made of gravel dikes with a protective
outer layer of stones.

The major dredging operations will be carried out using
different types of dredging equipment. Most of the
dredging of construction channels, work harbours and
other elements will be done using the mechanical
dipper dredger Chicago (see Figure 5)  and dredging of
the tunnel trench will be carried out by a hydraulic
cutter suction dredger Castor (Figure 6). A number of
smaller backhoes will be used for the dredging of pier
fundaments and such.

This mechanical dredger works with a bucket which
unloads on barges moored alongside the dredger. 
The filled barges are transported to the landfill areas by
tugs, and here the material is unloaded by dozers and
mechanical dredgers.

Seabed material which has broken loose is sucked and
pumped through a pipeline to the landfill area. The
water surplus is drained off through sedimentation
basins where the fine material has time to settle before
the water is returned to the Øresund. Both types of
equipment lose some of the dredged material to the
surroundings. This material is defined as spill if it is
transported away from the work zones or the landfill
areas by currents and waves.

Spill limitations
The spill of fine sediment from dredging and land
reclamation operations causes the major impact on the
marine environment during the construction of the link.
Most of the monitoring variables included in the feed-
back and general monitoring programmes are strongly
dependent on the amount of spill and the dispersal
pattern of the spilled sediment.

An overall spill limit of 5% of the total masses of mate-
rial handled inside the work area has been established
by the Swedish and Danish authorities. Moreover, the
spill of sediment must not hinder fulfilment of the
environmental criteria laid down for the Øresund by the
Danish and Swedish authorities. In order to comply
with those criteria weekly and daily restrictions on
maximum spillage rates have been calculated for the
various parts of the work area. A weekly maximum spill
rate has been established based on numerical model-
ling of the impact on eelgrass. The maximum weekly
spill rate is imposed during the growth season for the
eelgrass, which is from 1/3 to 1/11.
A daily maximum spill rate has been established based
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Figure 5. The dipper dredger Chicago.

Figure 6. The cutter suction dredger Castor.



Figure 7. The spill monitoring vessel Coastal Flyer.

Figure 8. Right, The Feedback Monitoring Centre’s research
vessel Maritina.

actual spillage from the various sources is calculated.
The system including the mobile station is manned
continuously during periods with intensive dredging
activities or when new dredging operations or dredging
equipment are started up.
The daily spill rate reported to Øresundskonsortiet is
used to model and evaluate the  results of the other
monitoring variables. The spill measuring programme is
operated by the contractors under close supervision by
Øresundskonsortiet and the authorities.

FEEDBACK MONITORING PROGRAMME

Environmental monitoring traditionally uses methods
that need a long period of observation before one can
judge with statistical certainty whether a development
is a lasting change or an occasionally occurring natural
variation. In connection with the construction of the
Øresund Link an environmental monitoring programme
has been established which allows a much quicker
evaluation of impacts, in order that adjustments can be
made in construction activities as observed effects
follow or vary from predictions. This has been named
feedback monitoring.

Øresundskonsortiet has implemented the Feedback
Monitoring Centre to conduct their Feedback Moni-
toring Programme for the Øresund Link Project in order
to be able to have detailed information on potential
impacts arising from the construction works and to be
able to react quickly in case threshold values are
exceeded. The Feedback Monitoring Centre operates
several vessels and one samples biological samples of
either eelgrass or mussels every week to follow the
development of the ecological conditions in the
Øresund (Figure 8).

Feedback monitoring is used by Øresundskonsortiet to
monitor and model selected variables, which over a
short time show quantifiable changes owing to chan-

on numerical modelling of the sediment dispersal with
respect to fish migration, water quality, the burial and
settling of mussels and the feeding of eiders and
swans. The maximum daily spill rate is imposed
throughout the whole year.
The maximum weekly and daily spill rates may be
increased or decreased during the construction period
depending on the observed impact on the biological
variables. This will, however, not have any influence on
the overall 5% spill limit, which is in force in any case.

Spill monitoring programme
Sediment spill from the dredging and land reclamation
operations occurs at a number of different locations
simultaneously, and therefore a highly mobile ship-
based monitoring system is required. Clouds of
suspended sediment or plumes develop both at the
site of dredging operations and at outlets from deposi-
tion areas (landfill areas) or sedimentation basins. 

The monitoring programme is designed to provide real
time and depth/space integrated information about the
actual spill rates from all spill sources. The sediment
concentration and the flux of spilled sediment are
known to vary considerably over space and time
depending on the dredging and deposition activities,
the character of the dredged material and the current
and wave conditions. It is therefore important that the
distribution of the spilled sediment is measured and/or
calculated as space and time integrated values.

Monitoring of the dredging operations is carried out
from a mobile survey vessel, which follows the various
dredging activities, while monitoring of the outlets from
the deposition areas and sedimentation basins is based
on a combination of fixed automatic measuring stations
and the mobile station. Figure 7 shows one of the spill
monitoring vessels operating in the Øresund. 

Data from the fixed monitoring stations and the mobile
station are sent on-line to a central computer where the
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ges in the environmental conditions. The planning and
environmental approval of dredging activities is seen as
the primary tool to ensure compliance with environ-
mental requirements. The combination of measured
conditions of the environmental variables, with predic-
tions based on numerical modelling of the response of
the variables to the actual work plans, is the key factor
for making decisions concerning feedback action at the
construction site.

In the monitoring programme the use of numerical
models is integrated in the feedback system. 
The models are applied partly to hindcast the condition
of the variables based on measured hydrographics and
spill emissions and partly to forecast future impact
based on the actual work plans and representative
hydrographic scenarios. The model results are fre-
quently compared with measured conditions to
evaluate the performance of the models and to assess
factors other than the construction works, which might
influence the variables. 

Strategies
The environmental impact assessment has shown that
the largest impacts will result from the dispersal of
spilled sediment. Consequently, great effort has been
put into organising the environmental monitoring to
secure that the criteria on the emissions will be met.

Two major tools have been introduced to ensure that
the spill is kept below the limits fulfilling the objectives/
criteria for all variables:
1. The Contractor is made responsible through his

contract for keeping the spill below specified limits
varying in time and space, taking into consideration
the environmentally sensitive periods and areas.

2. A feedback monitoring programme is implemented
covering sediment spill, the dispersal hereof and
biological key variables representing the important
influenced ecosystems.

In theory the Contractors’ fulfilment of the criteria of
maximum spillage alone should reduce the impacts to
acceptable levels. However, because of the unpredicta-
bility of the hydrographical and meteorological regime
and natural variations in the ecosystem, the actual state
of the environment during the construction works must
be monitored to ensure the fulfilment of the general
environmental criteria.

Feedback principles
Feedback monitoring includes selected variables that
over short periods of time show quantifiable changes
owing to impacts from the construction work. 
These variables are measured continuously or with a
high intensity and constitute the main instrument for
fast regulations of the construction works.
To ensure fulfilment of the environmental objectives
and criteria, procedures have been established that
specify the actions to be taken on the construction
work, where criteria are in danger of being exceeded.
The feedback monitoring serves as an integral part of
the environmental management system and will im-
pose changes/restrictions in the marine works which
may lead to increased costs. The feedback procedures
include:
– assessment and approval of equipment, work plans

and so on, prior to the initiation of  operations;
– application of threshold criteria and feedback loops

with an agreed code of action; and
– a clear definition of responsibilities of the involved

parties.

The planning and environmental approval of dredging
activities are seen as the primary way to ensure com-
pliance with environmental requirements. This means
that the key factors for making decisions on actions
changing the construction works are the measure-
ments of the environmental variables, combined with
forecasts of the future conditions. 

In the monitoring programme the use of computer
models is integrated in the  feedback system. 
The models are applied in the planning of the dredging
and reclamation operations. They are used to forecast
the sediment dispersion and sedimentation, and the
impact on water quality and the eelgrass beds. The use
of the models makes it possible at an early stage to
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Figure 9. Principals of feedback monitoring.
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Given these demands, the following variables were
selected for monitoring of the feedback organism
eelgrass: shoot density, leaf and root biomass, and
carbohydrates dissolved in the rhizomes. The selected
variables in the mussel monitoring are distribution and
biomass.

FEEDBACK MONITORING AND ACTIONS

The active monitoring procedures of the feedback
programme are described below in the sections cover-
ing sediment and turbidity, eelgrass and mussel moni-
toring. Prior to all activities, the effects of the expected
spills from the planned dredging and reclamation activi-
ties are assessed. A spill scenario is produced on the
basis of the work plans. This scenario is modelled and
shading, sediment transport, sedimentation and effects
on the eelgrass community are forecasted. The model
calculations are based on expected weather situations,
light, currents, waves, and so on. A full year of compre-
hensive hydrographic measurements in the Øresund
(1992-1993) is utilised as the hydrodynamic scenario for
the forecast simulations that are used for environ-
mental impact assessments. If it is anticipated that a
work plan does not comply with the operational criteria,
a new work plan has to be elaborated before the work
can be initiated.
In reality the light, wind, currents, waves, and such do
not end up as anticipated in the forecast modelling.
The summer may be extraordinarily windy or the like.

assess whether a feedback action should be taken or
not, given the results of the monitoring and the future
work plans. The principles of the overall feedback
procedure are illustrated in Figure 9.

The general environmental criteria set by the authorities
in connection with the construction of the Øresund
Link have been transformed into operational and
measurable criteria for the feedback monitoring. The
operational criteria relate to organisms or communities
that are representative for the ecosystem.
In the Øresund, eelgrass meadows and mussel banks
dominate the plant and animal communities, as can be
seen on the map, and these have therefore been
chosen as the most suitable organisms for feedback
monitoring in the Øresund.

In feedback monitoring it is essential that the variable
chosen for measurement meets certain basic
demands: 
– It must have an unambiguous, easily measurable

relationship to the feedback organism, which repre-
sents the ecosystem concerned.

– The measuring result has to be available in a short
time (no more than a few days).

– Background material must be available for the deter-
mination of statistically reliable limit values and
criteria for judging an exceeding of the limits.

– The impact of various conditions on the variable
should be calculable in advance, that is, some kind
of model of the relationship between cause and
effect has to be available.

Environmental Management and Monitoring at Øresund
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Figure 10. Diver at work in the eelgrass community.



Figure 11. A photo from a mussel bed south of Saltholm.

Consequently, the effects may be somewhat different
from the ones forecasted. In order to make the next
forecasts more reliable, modelling of the past events is
accomplished. That is, from the beginning of the con-
struction of the link to the actual time. This modelling
uses measured boundary data, measured temperature
and light conditions and other conditions. It is called
hindcast modelling and is carried out several times a
year. 

Turbidity and sedimentation
When dredging and reclamation work start, turbidity
and sedimentation surveys are carried out several days
a week. Turbidity is a light measurement that allows for
the calculation of the concentration of sediment parti-
cles in the water.

The surveys serve two main purposes. The monitoring
provides data for the tuning (calibration and verification)
of the sediment model, so that it reflects the real condi-
tions in the Øresund as correctly as possible. 
Also data on turbidity and sedimentation rates are
needed to control directly that the work is carried out in
accordance with some of the operational criteria.
The amount of spilled sediment that is transported
around in the Øresund waters may be measured in
different ways: Either as turbidity measured as light
attenuation or as optical back scatter. In some cases
sediment plumes may be mapped using acoustic
methods (Acoustic Doppler Sediment Profiler). In
addition, the sediment fluxes are estimated on the
basis of results obtained from sediment traps deployed
at several stations in the Øresund.

The transport of sediment along the seabed and the
sedimentation are further evaluated on the basis of a
combination of submarine video recordings, dual fre-
quency echosounders and sidescan sonar recordings

of the seabed. Also a number of bottom markers have
been put out on the seabed. Samples of the seabed
are regularly taken with core and grab samplers and
they are analysed for dry matter content and grain size.

The turbidity and sediment monitoring takes place in
the areas most affected by the spilled sediment. The
grey-white plumes of  mostly small lime particles can
be observed on the sea surface from the research
vessel. Occasionally, satellite pictures and aerial photo-
graphs are included to support the planning of the
surveys. The submarine video recording surveys are
being planned according to the results of the hindcast
modelling of sedimentation. They do not follow a
regular pattern, but will cover areas where deposition
of spill can be expected.

Turbidity monitoring may trigger feedback actions in
three cases:
– If visibility in the water at the bathing beaches along

the Swedish and Danish coasts in the season is less
than one metre in the bathing season. This relates
of course to a criterion concerning the quality of
bathing water.

– If sediment plumes with concentrations above 
10 mg/l occur simultaneously in the Drogden
Channel and the Flinterenden for a longer period.
This is introduced to comply with a set of criteria
that aims at ensuring unhindered fish migration.  

– If visibility in the water around Saltholm falls below 
one metre for a period longer than two days. 
The criterion is intended to allow the mute swan to
graze on eelgrass relatively undisturbed.

– If the sedimentation exceeds 15 kg/m2/month
feedback action has to be taken to ensure compli-
ance with criteria concerning mussel beds.

Whenever feedback is initiated the project manager
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The results of a monitoring cruise are compared with
results obtained before the construction of the link
(baseline). If no important change is observed, moni-
toring continues as planned. If an important change in
the variables chosen in the hindcast and forecast
modelling occurs then an assessment must be made
as to whether the criteria will be violated. If the project
management resolves that the change is owing to
activities in connection with the Øresund Link construc-
tion, feedback action is taken in the same way as
previously described.

The mussel programme
The mussel programme also runs every second week,
but in contrast to the eelgrass programme, it runs all
year round. A device called a photo-sampler is operated
from the research vessel. It photographs a fixed area of
the seabed and by use of image analyses the number
and size of the mussels on the picture can be meas-
ured (Figure 11).

Monthly, additional samples of the mussel beds are
taken by scuba divers so that the weight of the live
mussels can be assessed. Once a year the distribution
of mussel beds is mapped using the sound analysis
software system called RoxAnn.
The stations at which sampling takes place by photo-

reports to the Project Director, the Environment and
Authorities of Øresundskonsortiet and action is taken
to change the harmful activities. This can for example
be in the form of a dredger being moved to another
area in the Øresund.

The eelgrass programme
Every second week during the eelgrass-growing
season (March to November) samples of eelgrass are
taken in the area around the Øresund Link. The density
of the eelgrass meadows, the weight of the live parts
of the plants and the storage of energy in the under-
ground parts are recorded. Samples are taken by scuba
divers at ten locations. The locations are chosen accord-
ing to the ongoing dredging and reclamation work and
on the basis of the hindcast modelling (Figure 10). 

Some other items are also monitored to supplement
the eelgrass programme. At two sites in the Øresund
light sensors and data loggers are placed permanently
on poles which allows for the calculation of light reduc-
tion. They are visited weekly. Light reduction is also
estimated indirectly from measurements of the growth
of discs of the sea lettuce (Ulva), which are exposed in
Plexiglas cages on buoys in the Øresund. The area
distribution of eelgrass is assessed using aerial photo-
graphs, which are taken every autumn.
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Figure 12. Example of model calculated sediment spreading as presented in EAGLE.



sampling or by diver are chosen on the basis of the
sites for ongoing work, baseline studies of mussel bed
distribution, and hindcast modelling of sedimentation.

The results of the feedback monitoring cruise are
compared with the results of the baseline. If no impor-
tant change is observed monitoring continues as plan-
ned. If a change occurs to the variables chosen in the
mussel bed monitoring then the project manager
evaluates the reasons for the change. As mentioned
under the eelgrass programme, additional sampling
may be necessary and also hindcast and forecast
sediment modelling to assess whether the criteria will
be violated. If the project management determines that
the change is owing to the construction of the Øresund
Link and that it will eventually result in a violation of a
general environmental criterion, feedback action is
taken in the same way as previously described.

DATA MANAGEMENT

In connection with the environmental monitoring that
runs during the construction of the Øresund Link
Øresundskonsortiet has established an advanced
environmental information system called EAGLE. 
All data produced in the feedback monitoring pro-
gramme are stored in a Feedback Monitoring Centre
database. This database contains data collected at the
monitoring surveys as well as data from the baseline
studies, satellite pictures, coastal morphology photo-
graphs and other items.

Other databases in connection with the Øresund Link
contain relevant data. A hydrographic database which
includes immense amounts of data from the hydro-
graphical monitoring programme is run for Øresunds-
konsortiet by Danish Hydraulic Institute (DHI) and
Swedish Meteorological and Hydrographic Institute
(SMHI). Furthermore, Øresundskonsortiet maintains a
database of the earth works, position, amounts, proper-
ties and spills.

Those three data bases are linked together and supply
data, which are transferred to the EAGLE database in
the form of relevant information. This is, for example,
maps based on a geographical information system,
graphs, pictures and reports, also incident reports
describing the possible conclusions and actions in
connection with the feedback procedures. An example
from EAGLE showing model-calculated sedimentation
of spilled sediment is presented on Figure 12.
EAGLE is a highly evolved tool for decision making.
Øresundskonsortiet’s management has direct access
to the latest environmental information through
EAGLE. Furthermore, the Danish and Swedish author-
ities are directly connected to the EAGLE database so
that their information may always be at the same level
as that of Øresundskonsortiet. 

Conclusions

Environmental monitoring traditionally uses methods
that need a long period of observation before one can
judge with statistical certainty whether a development
is a lasting change or an occasionally occurring natural
variation. At the construction of the Øresund Link, an
environmental monitoring programme was established
which allows a much quicker evaluation of impacts, in
order to make adjustments in the construction activities
as observed effects follow or vary from predictions.
This so-called feedback monitoring includes selected
variables that over short periods of time show quanti-
fiable changes as a result of impacts from the construc-
tion work. 

These variables are measured and modelled contin-
uously or with a high intensity and constitute the main
instrument for management of the construction activi-
ties. In the monitoring programme the use of computer
models is integrated in the feedback system. 
The models are applied in the planning of the dredging
and reclamation operations. They are used to forecast
the sediment dispersion and sedimentation, and the
impact on water quality and the eelgrass beds. The use
of the models makes it possible at an early stage to
assess whether a feedback action should be taken or
not, given the results of the monitoring and the future
work plans.

The experience gained so far, with more than 90% of
the dredging work completed, is that none of the
criteria has been violated and the dredging work has
been successfully carried out within the overall time
and budget plans. 
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which 120 Mm3 came from the land operation of the
original Chek Lap Kok island and 76 Mm3 was intro-
duced from marine sources. In order to extract the
sand an additional net quantity of about 30 Mm3 of
overburden was removed from the marine borrow
areas (Figure 1).

Looking at the size of the dredging area and the quanti-
ties of dredged material involved, it will be clear that
control of the dredged levels and volumes was essen-
tial on this job. As is known, every 10 cm extra over-
dredging required one million m3 extra fill and a possi-
bility of additional removal of overburden. This was
realised from the early tender stage.

Abstract

The Site Preparation Contract (SPC) of Hong Kong’s
new airport was a lump-sum contract of more than 
9 billion Hong Kong dollars. The dredging works exe-
cuted by the Marine Works Joint Venture had to
dredge and rehandle a total amount of more than 
238 million m3. This huge volume was dredged in the
relatively short time of two and a half years and
required very strong planning, production control and
quality control programmes.

Production control was based on hydrographic surveys
once or twice a week. For the calculations of the fill
volumes at Chek Lap Kok and the volumes and quality
of the sand in the borrow areas extensive use has been
made of the geostatistical visualisation 3D software
package BLUEPACK.

The site preparation contract was one of the first con-
tracts in Hong Kong in which the responsibility of the
achievement of quality and compliance with the works
specification was put fully to the contractor. Quality
control of the de-mudding operations was based on
verifying the dredger had dredged to the required depth
and, if this were not achieved, the justification of higher
dredged levels. Before and during fill operation exten-
sive seabed monitoring was executed to monitor and
identify possible build-up of unsuitable  material. 
The quality of the marine fill  was checked before and
after placement in the platform area. 

Introduction

For the construction of the platform area almost 10
million square metres of land were reclaimed west of
the existing island Chek Lap Kok, preceded by dredging
some 70 million cubic metres of unsuitable material.
The total reclaimed volume was 196 million m3, from
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Figure 1. The new airport platform at Chek Lap Kok.

PRODUCTION CONTROL

Dredged volumes and levels
Control of the dredged volumes and levels was
reached by using the geostatistical visualisation soft-
ware package BLUEPACK (Best Linear Unbiased
Estimator), developed by the Centre de Geostatistique
at Fontainebleau, France. This software package was
used extensively on this project. 

Since during the tender phase a great deal of  work
was done using BLUEPACK, it was an obvious
conclusion to continue to use the models created with
BLUEPACK from the platform area as well as from the
borrow pits. For the platform, BLUEPACK was used to
calculate the so-called 500 kPa levels (Base of unsuit-
able material) using CPT data. This CPT data was pro-
vided by the Client in the tender phase as levels picked
from some 3500 CPT tests. These levels were used to
krig (a kind of statistical interpolation) a regular grid and
was accepted by the Client. This grid combined with
grids derived from land and marine surveys as well as
the supplied formation levels gave the needed quantity
information (Figure 2).

The overall marine project progress as well as individual
performance of each major production unit was con-
trolled by hydrographic surveys once or twice a week
and by Tonnes Dry Solid (TDS) measurements on
board the trailers.

Besides that, every month an aerial survey was carried
out and processed in order to produce maps which
showed contours of the platform above seabed level.
These measurement points read into a BLUEPACK
database and combined with actual survey data ob-
tained from the Marine Survey Department. The final
matrix (“layer”) represented the actual ground levels
below and above water at a certain moment.

Volumes could then be calculated for:
– the amount of landfill removed and still to be

removed;
– the amount of fill (from marine and land sources)

placed and still to be replaced;
– the amount of unsuitable material removed and still

to be removed.

In the  borrow areas BLUEPACK was also used to
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Figure 2. Dredge Level Platform Area. using the BLUE PACK software.



The difference between CDP value and the Dredged
Level Achieved (DLA) was 3.5% (Figure 4). Data from
the CDP together with leadline soundings was used
occasionally to get  approval of the areas by the Client.

All calculated volumes were based on the so-called
Reference Level + 1/2 m, which means 1/2 m above
the 500 kPa Level. This level is realised within 2/3%
(Figure 5). This close ratio proves that quality control on
dredged levels paid off and that accurate dredging is
possible.

process the boreholes and seismic data to construct
grids of several sand and clay layers. The layers dis-
played were:
– top of sand elevation;
– bottom of sand elevation or bottom of borrow pit;

and
– top and bottom of intermediate clay layer.

These layers were exported as ASCII grid files to the
Survey Department computers.  The Survey Depart-
ment displayed these layers on board the dredgers
using the hopper display software (Figure 3).

QUALITY CONTROL

The Cutterhead Display Programmes (CDP)
The Cutter Display Programme (CDP) was developed
to visualise the required dredge level as an aid for the
dredge master and as a monitoring tool for the super-
intendent/surveyor, especially meant for areas where
the theoretical dredge level varied from place to place.
The theoretical dredge level of the Chek Lap Kok
project was in general the top of an alluvial clay layer
situated under a layer of unsuitable material (500 kPa
level). This level varied substantially between 0.00 and 
– 28.00 related to Principal Datum (PD). In areas H3, H4,
H7 and H8, where an old riverbed was encountered,
slopes as steep as 1:4 were found, making dredging
without a computer equipped with adequate software
an impossibility. 
On the cutter dredger the cutter depths were recorded
and stored on the hard disk. At regular intervals these
data were sent to the survey department in order to
check these values with data from hydrographic sur-
veys. In Figure 4 the average Dredged Levels Achieved
(DLA) determined by hydrographic surveys are plotted
against the average values of the cutterhead depth for
the areas where the cutter dredgers worked.
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Figure 3. Cross-section of the Borrow Pit Potoi.

Figure 4. Realised depth and cutter head depth.

Figure 5. Target depth and realised depth.
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The Draghead Logging System (DLS)
The DLS programme was designed as an instrument to
check the draghead logs from the hopper dredgers.
The draghead logging system recorded data on floppy
discs at a distance interval of 10 metres or, if reached
earlier, at a time interval of 10 seconds, with the criteria
that the draghead(s) must have reached a pre-defined
depth level prior to recording, thus avoiding tracks
being stored during sailing (no dredging). The position
as well as the depth of the draghead(s) were stored.

From these logs conclusions may be drawn about the
accuracy of the dredging operations, the malfunctioning
of the draghead sensors, and so on. Draghead Logging
was basically carried out for two reasons:
1. Monitoring of the dredging process to avoid over-

dredging. The software reads the draghead discs as
they come from the various dredgers (once a week),
compares the information with a bottom layer and
calculates the difference between draghead depth
and the requested bottom layer.

2. Updating data of the bottom layers with the record-
ed information. In certain cases determining the
bottom of some of the borrow areas, in particular
the East Sha Chau pits, was very difficult with the
echosounder, because of the dirty water and sus-
pended silt layers whirling through the deep borrow
areas. In these cases the draghead logging discs
were used to produce the bottom layer and then
cross-checked by hand soundings. Accuracy of
these data was less than depths determined by
bathymetric surveys under normal conditions, but
the best available under the given circumstances.

Barge Monitoring System (BMS)
In Hong Kong the Environmental Protection Depart-
ment (EPD) requires any barge operating in Hong Kong

waters to be equipped with a position and status
logging system. Without this system a discharging
licence is not granted. The reason for such a system is
to register and control discharging activities in Hong
Kong waters.

EPD prescribes the logging signals, data format and
interval time. The system has to be in a closed environ-
ment accessible for EPD officers only. 
For hopper dredgers it was agreed to exchange the
draft signals for indication of the discharge status for a
signal from the bottom doors.

In case it was necessary to review a complete track of
the hopper, including the sailing and dumping cycle,
this could be done by using the BMS (Barge Monitoring
System) data, where the position of the dredger and
the status of the bottom doors (open or closed) were
recorded continuously. However, these data were
exclusively and compulsorily recorded for the EPD and
were in principle not available for the project. Calibration
of the dragheads was done regularly and in the peak
season (12 dredgers) this required quite some time.

QUALITY CONTROL ON MARINE FILL

In the tender stage, the design of the borrow pits was
based on the volumes available and the quality of the
sand. The only requirement for the use of sand from
marine sources was the percentage of fines content
which may not exceed the 20% limit.

The testing of the marine sand was done in the hopper
and when placed in the reclamation area. Samples
were taken from each hopper load. Every week two
samples from each trailing hopper suction dredger
were selected at random and for sieve analyses sent to
a laboratory. The results were evaluated by the
Planning and Production Department in order to verify
the compliance with the specifications. If a trend
became visible in deviation with the specifications, 
the necessity of a corrective action was considered. 
It will be clear that, considering the huge hopper quanti-
ties involved, ad hoc corrective actions could not be
based on small deviations of two samples from one
hopper load; a statistically significant deviationary trend
had to become apparent to justify the corrective action. 
Besides that, determining sieve analyses was time
consuming, with the result that the hopper load had
already been placed in the reclamation area before the
data were available for eventual corrective actions.
Such a quality control is a waste of time and money.

The sampling of the marine fill in the reclamation area
was originally planned to consist of continous vibro-
cores down to dredge levels in a 50 m grid. This would
mean that many thousands of vibrocores (land and
marine) would be needed. All cores had to be tested
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Figure 6. Grid of Fill Cone Penetration Test (CPT).

FILL CPTGRID



The Contractor’s attention for the quality of the fill at
the start, during the design of the borrow pits, paid off:
None of these tests failed.

The Airport Authority obtained important and relevant
geotechnical information regarding the quality of the
sandfill from the extensive series of CPTs too. CPT
results can be fed directly into many geotechnical
calculations like settlements, bearing capacity, lique-
faction potential and relative density. In new contracts it
is advisable to express the quality requirements of the
fill directly in CPT results and not in SPT blowcount or
Proctor Density.

(sieve analysis) and kept for further reference. 
This would have resulted in severe logistical difficulties
with several rigs on site, on site logging, sample
storage, and analysis and management of test results.

Cone penetration tests (CPTs) can provide the same
information (and more) in a faster, cleaner and more
manageable way. Cone resistance, friction ratio and
pore pressure give adequate information on the nature,
density, and fines content of the fill material. Although
the Contractor was aware that to switch from vibro-
cores to CPTs meant spending extra attention to the fill
quality, the reduction in the logistical problems was
worth the effort.
In order to convince the Client, a trial area was chosen
(Bl/3) where fourteen vibrocores and CPTs were carried
out at the same location. The results showed that CPTs
can be used and are even preferable, as CPTs have no
ambiguity resulting from core losses and bad recovery
as can be the case with vibrocores.

To approve the fill material, however, the contract
requirements had to be changed. The requirement
applicable to vibrocore samples was a fine content of
less than 20%. This requirement had to be translated
to CPT values. The following agreement was made on
required cone and sleeve resistance and pore pressure
to approve the fill.

The fill material complied with the specifications if
– the friction ratio was less than 0.45% and
– the deviation between pore pressure and hydro-

static pressure was no more than 0.2 bar; or
– the cone resistance was not less than 4 MPa; or
– the fines content in the gradings were less than

20%, when vibrocore samples were taken.

Non-compliance of any test was based on a continuous
length of 1.00 m or 10% of the total test length, should
more than one non-complying interval of less than one
metre have occurred.

These specifications were applied to every CPT. If a
CPT appeared to be outside of  those specifications, a
vibrocore could be taken; and if the samples did not
meet the requirements, the extent of the non-com-
plying area had to be determined by additional CPTs.
The CPT testing grid had a 100 m spacing and the
marine CPTs in the seawall areas had a 75 m spacing. 

It was also agreed to carry out a limited number of
vibrocores on land in a grid with 200 m spacing to
supply additional samples to the Client. This also pro-
vided a means of continuously comparing the CPT
results with physical samples obtained from the vibro-
cores, because the vibrocores were taken at the same
location as the CPT tests. This resulted in more than
600 CPT tests and more than 40 vibrocores. Figure 6
shows a map of these CPT locations as used on site.
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Figure 7. CPT test H1c32.

Figure 8. Relative Density in relation to Proctor Density.

Cone penetration test h1c32
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Figure 9. Calculated (Baldi) and Measured Relative Density .

Figure 10. Measured and Calculated Dr (Baldi) as Function of
Depth.

Furthermore one has to realise that a direct correlation
with the visual results of the vibrocore tests can never
be 100% exact, as with so many other tests.

Interpretation of study results
CPT test h1c32 (Figure 7) shows some typical results
on land through the sand fill. Ground elevation was
6.70 m PD and according to the measured pore
pressures this corresponded with the water table at
about 5m depth (at 1.70 m PD). The fill material that
was hydraulically pumped above the water table had a
high cone resistance indicating high relative densities
(confirmed by in situ density tests). Below the water
table the cone resistance dropped off dramatically to
below 4 MPa.

At about 15 m  (–8.3 m PD) there was a distinct silty
layer reflected in the friction ratio as well as in the pore
pressures. Here was the interface between pumped
material and the discharged fill material. Below this
level the cone resistance increased gradually, but was
still very undulating with sometimes thin more silty
layers present. This must have been the result of the
dumping process. Sometimes different discharges
could be distinguished in this layer.
At about 22 m deep, a sharp increase in friction ratio
and pore pressure was observed, indicating that the
original base material (alluvial clay or marine mud qc >
500 kPa) had been reached.

Samples taken showed that the CPT is very sensitive
to silty clayey layers. Mostly the thickness of these
layers was exaggerated. Most probably the cone
resistance was already decreasing in the sand just
above the silty layer because of a “Punching effect”. 
It should also be mentioned that small clay nodules 
(1-2 cm) could be present in the sand, which had the
same effect on the CPT as thin clay layers.

The CPT results could also be very useful as a tool for
establishing the actual fill levels and the amount of
overdredging in a certain area.

IN-SITU DENSITY TESTING

According to the contract, the upper 4 m of the plat-
form should be compacted to a Proctor Density of
more than 95%.  The fill material had to be tested for
every 50 cm layer. Because the Type C material
(marine sand) was placed hydraulically, the material
could only be tested at the surface.
It was agreed that Test 15B of BS 1377 (sand replace-
ment method with large pouring cylinder) would be
used to determine the density at the surface in the
areas where only capping was carried out with Type C.
More than 50 of these tests were carried out in the
capping layer. All tests showed Proctor Densities of
more than 95%. It is important, however, that the
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A separate contract was awarded to Bachy Soletanche
to compact all the sand in certain areas up to final
dredged level. Under this new contract it was required
to carry out a substantial amount of CPT tests before
and after compaction had taken place. These CPT tests
were executed by Chek Lap Kok Marine JV as a sub-
contractor to Bachy Soletanche.

The CPT tests turned out to be a good instrument to
monitor compaction. It was observed in general that
after compaction the naturally dense upper 4 to 6
metres were reduced in density, whilst the lower
looser material had considerably gained density. 
Also after compaction, the density was not only varying
considerably with depth but there was only a high
variability in the lateral sense. (See also Plant, G.W.
1998, Chapter 18 and the book review on page 28).

Conclusions

1. For the necessary control over volumes and levels,
modern 3D visualisation software packages are
indispensable.

2. Production and quality control are in the interest of
both the Client and the contractor.

3. Cone Penetration Tests are much preferable above
vibrocores for fill quality control. CPTs provide much
more information in a much more efficient and
unbiased way than do vibrocores.

4. For hydraulically placed fill material, CPTs are pref-
erable to Proctor tests for in-situ density testing.

5. The method of placement and whether placement
is below or above water are essential factors in
determining the in-situ relative density.
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surface of the test area is not disturbed and that the
test is carried out with great care.

In areas where sand was placed in a much thicker layer
this in-situ test was not sufficient. It was suggested to
use the CPT results from the quality control programme
to determine whether the required density was obtained.
Before this proposal was accepted it was necessary to
prove the suitability of CPTs and to determine a crite-
rion applicable to CPTs to replace the 95% Proctor
Density criterion.

This resulted in some extensive testing (22 CPTs and
27 sand replacement tests) in a trial area situated in
area H1-6. 

In Figure 8 the relative density is plotted against the
measured Proctor Density. In this case the 95%
Proctor Density corresponds with 53% Relative
Density. This is in accordance with literature values.
These CPT results can also be used to compare the
Relative Density with empirical relationships, such as
from Baldi:

1 qc
Dr = ln

2.38 248 (σ’
v) 

0.55�

[Baldi, 1982]

where 
Dr = Relative Density [-]
qc = Cone Resistance [kPa]
σ’

v = Vertical Effective Stress [kPa]

Using Baldi’s equation and comparing the calculated
values with the measured Relative Densities shows a
reasonable correlation (Figure 9)

In Figure 10 the measured cone resistance qc is plotted
against depth, together with the corresponding 53% 
Dr lines according to the above-mentioned relation-
ships. This figure shows clearly that all qc values are
equal or greater than those corresponding with the
53% Dr and so fulfilling the requirement of at least the
95% Proctor Density. This method was accepted by
the Client.

CPTS AND VIBRO-COMPACTION

At one point in the project the Client decided that at
certain places in the platform area the marine fill had to
be compacted, probably as a result of the Quality
Control by CPTs. In itself it had nothing to do with Site
Preparation Contract 201. Under this Contract there
was only a requirement about Proctor Density of the
upper 4 metres of the sandfill.
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Book/
Periodicals
Reviewed
Site Preparation for the New Hong Kong
International Airport; Design, construction and
performance of the airport platform. 
Thomas Telford Publishing Ltd. London, 1998.
576 pp. Illustrated, index, glossary and references.
ISBN 0-7277-2696-X

Edited by G.W. Plant, 
C.S. Covil and R.A. Hughes

This recently published book concerns the design,
construction and performance of the airport platform on
which the new Hong Kong Airport has been built. 
The platform was created in just two and a half years,
following a unique combination of dredging, mining and
seawall operations and represents one of the world’s
largest civil engineering endeavours of this type. 
For the construction of the airport platform 950 ha of
land was reclaimed from the sea and 300 ha added as
a result of the mining operation on two islands, 
Chek Lap Kok and Lam Chau. 
The editors state that the book provides a brief history
of the key events connected with the site preparation,
describes the outlined planning and reports on the
engineering aspects of the design, construction and
performance. The various (seventeen) co-authors and
contributors have sought both theory and practice in
site reclamation.

Chapter 1 of the book deals with the key elements of
the New Airport Master Plan, which was based on the
following key assumptions.
– The existing airport Kai Tak would be closed when

the new airport was opened.
– All passengers were to be considered as inter-

national.
– The airport site plan would include a multi-modal

transport system.
– The plan would maximise opportunities for privatisa-

tion.

Chapter 2 outlines the site conditions, climate condi-
tions, site history, topography and hydrography and
early site investigations. Chapters 3 and 4 describe the
geology and site investigation executed in the area
around Chek Lap Kok

Chapter 5, reclamation design, summarises the deter-
mination of the dredge levels for the removing of the
unsuitable material in the platform area and the predic-
tion of the settlement during and after construction. 
In the areas of reclamation, dredging was required until
the “Base of Unsuitable Material” (BUM) was reached,
which was determined by a net tip resistance of a
Cone Penetration Tests (CPT) of more than 500 kPa
over at least 500 mm. The dredging area was covered
with CPTs on more than 3200 locations.

To support the verification of settlement prediction
after handover of the sections of the platform, instru-
ments were installed both on and within the platform
area (Chapter 6). The monitoring of the instrumentation
is discussed in Chapter 13, and the settlements occur-
ring during construction as well as the estimate of the
settlement rate after the airport opens, in Chapter 18.
Chapter 7 outlines the design criteria and the use of the
different seawall types.Chapter 8 describes the stra-
tegy of the Hong Kong Government’s agencies with
respect to the available fill resources in the Hong Kong
area and the possibility of mud disposal.
Chapters 9 through 15 describe all construction aspects
of the New Airport Platform including the seawalls.
They deal not only with the land and marine operations,
but also the quality assurance and quality control, the
surveying, the interfacing between the different opera-
tions. Special attention is given to ground treatment
through surcharging or vibro-compaction of limited
areas in the platform.
The last part of the book reports on the performance of
the airport platform in relation to environmental aspects
(Chapter 16), platform stability (Chapter 17) and recla-
mation settlement (Chapter 18) during execution.
In Chapter 19 attention is given to the maintenance of
the platform. From 2 January 1997 maintenance of the
reclamation has been the responsibility of the Airport
Authorities, apart from latent defects. 

The book proceeds logically through the entire scope of
the design, construction and maintenance of reclama-
tion areas and covers all aspects, which can be encoun-
tered in this field. It can certainly be defined as a hand-
book for consultant engineers and contractors who are
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The editor has organised the book in a logical manner
beginning with an introductory chapter on the history
and experience of coastal defences in The Netherlands
(a fascinating chapter, especially for the uninitiated).
The concepts and practices of polder construction,
flood and coastal defences are presented in a historic
perspective continuing to the present. This sets the
stage and basis for the more definitive technical chap-
ters that follow, chapters which discuss in detail the
various technical aspects of the broad subject of dikes
and revetments. 

Two appendices — A1, User Manual CRESS: Coastal
and River Engineering Support System, and A2, Filter
and revetment design of water imposed embankments
induced by waves and draw down loadings —  round
off the comprehensive technical information.

The breadth and scope of material covered with regard
to the subject is extensive. Each of the chapters are
independent of the others, although there is some
natural overlapping, as is often the case where multiple
authors are compiled into a single volume like this. This
repetition is kept to a minimum which is a tribute the
editor.  

As a demonstration of the state-of-the-art technology of
publications, the book includes a CDROM containing a
computer programme, Coastal and River Engineering
Support System (CRESS). The programme is intended
as a support or aid for design and planning of coastal
and river projects. The programme was developed by
the International Institute for Infrastructural, Hydraulic
and Environmental Engineering, Delft, The Netherlands
(IHE-Delft).  It is not intended to replace the judgment
of a qualified engineer, but to be used in the education
of coastal and river engineers. The CDROM contains
the DOS and Windows versions, the primary difference
being the more powerful graphical interface in the
Windows version.  

Any engineer or agency that has coastal or flood control
interests should be aware of this volume and include it
in its technical library. It should stand as a classic refer-
ence in the field for years to come.  

The publication may be obtained from:
A. Balkema Publishers, P. O. Box 1675,
3000 BR Rotterdam,  The Netherlands
Fax: +31.10.4135947
Email: balkema@balkema.nl

A. A. Balkema Publishers
Old Post Office Road
Brookfield, Vermont 05036-9704, USA

Reviewed by Charles W. Hummer, Jr.

Dredging and maritime consultant

working in this subject. The book is easily readable,
although there is some overlap between the chapters
owing to the many co-authors and contributors.
There is, it seems, only one subject missing: Contrac-
tual aspects. An evaluation of the contractual aspects
of the change from a re-measurement to a lump-sum
contract would have been a very interesting analysis in
terms of future projects.

The authors present useful references at the end of
every chapter. Furthermore the book does have a
subject index which contributes to the handbook
function for designers of reclamation areas. If you are
dealing with the design, construction and maintenance
of reclamation areas, you should not be without this
book, the “Bible of Reclamation”.

Reviewed by Professor W.J. Vlasblom 

Chair of Dredging Technology, Delft University 

of Technology, The Netherlands

Dikes and Revetments: Design, Maintenance and
Safety Assessment.
A.A. Balkema  Publishers, Rotterdam, The Netherlands.
Hardbound. 582 pp, 170x245 mm, illustrated, indexes
and CDROM. NLG 250 / US$120.00 / £82

Edited by Krystian W. Pilarczyk  

This volume is a compilation of contemporary research
and experience in the field of dikes and revetments by
experts in The Netherlands. It was sponsored by the
Hydraulic Engineering Division of the Rijkswaterstaat of
the Dutch Ministry of Transport, Public Works and
Water Management.
The Rijkswaterstaat, which celebrated its bicentenary
in 1998, has overall responsibility for the Dutch govern-
ment in the matters of water transport and coastal and
flood defences and is considered to be one of the most
knowledgeable in the world. 

The volume contains 22 chapters authored by some of
the most eminent authorities in their fields. In some
respects the book is an update of a previous 1990
publication, Coastal Protection, by the same editor.
However, the current publication captures and pre-
sents the most recent contributions by these experts
primarily from post-graduate courses on sea wall, dikes
and revetments.

Considering the history and expertise of the Dutch in
this technology, it is particularly notable that the editor
and authors represent probably the greatest reservoir
of such expertise and technology. Eighteen individual
authors contributed to the chapters in the book. Hence,
it must be considered a keystone for the engineer or
other persons responsible for the planning, design and
assessment of measures for the protection and main-
tenance of coastal areas.  
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Seminars/
Conferences/
Events

for environmental enhancement; fate and transport of
dredged material; and project case studies.

For further information contact:
Executive Director, WEDA
PO Box 5797, Vancouver, WA 998668-5797
tel. +1 360 750 0209 or +1 503 285 5521
fax +1 360 750 1445 or +1 503 240 2209

IAPH ’99
Palace of the Golden Horses, 

Kuala Lumpur, Malaysia
May 15-21 1999

The 21st World Ports Confernece of the International
Association of Ports and Harbors with the theme
“Global Trade through Port Cooperation” will be held
next spring in Malaysia. The topics include: globalisa-
tion in liner shipping; liberalisation of trade and its
impact on global logistics; nurturing IT capabilities to
support container port operations and more. An exhibi-
tion is being held concurrently with the conference.

For further information contact:
Mr V. Balakrishnan, Assist. General Manager, 
Klang Port Authority
Mail Bag Service 202, Jalan Pelabuhan, 42005 
Port Klang, Selangor Darul Ehsan, West Malaysia
tel. +60 3 368 8211, fax +60 3 367 0211

Øresund Link Dredging & Reclamation Conference
Copenhagen, Denmark

May 26-28 1999

Organised by Øresundskonsortiet and CEDA, the aim
of the conference is to disseminate information on the
construction of the Øresund Fixed Link, one of Scandi-
navia’s largest investments in infrastructure. This 16-
km long coast-to-coast motor- and railway linking
Denmark and Sweden comprises an artificial peninsula,
a 4-km immersed tunnel, a 4-km artificial island and an
8-km bridge. Approximately 8 million m3 has been
dredged and  all dredged seabed material has been
reused.

Marine Indonesia ’99
Jakarta International Exhibition Centre, 

Indonesia
April 21-24 1999

The 10th International Marine, Shipping, Port Equip-
ment and Cargo Handling Exhibition will be held in
Kemayoran, Jakarta, and is the leading exhibition in
support of the Indonesian Maritime Industry. Strategic
port development for ferry ports and container termi-
nals are a top priority and expansion of inter-island
ferries, jetfoils and leisure craft are planned. The show
is suitable for suppliers of all sorts of marine equip-
ment, and port, harbour and navigation technology.

For further information contact:
Marie Waters, Overseas Exhibition Services Ltd
11 Manchester Square
London W1M 5AB, UK
tel. +44 171 486 1951/ fax +44 171 413 8222
email: indo@montnet.com
http://www.montnet.com

Carolyn Lee, International Expo Managment Pte Ltd
2 Handy Road
#14-06 Cathay Building
Singapore 229 233
tel. +65 339 2633/ fax +65 338 6542

Monalisa Zen, PT Parmerindo Buana Abadi
Unit 2102, 21st Floor
Jl Imama Bonjol 61 
Jakarta 10310, Indonesia
tel. +62 21 325 560/ fax +62 21 330 406

WEDA XIX
Galt Hotel, Louisville, Kentucky, USA

May 15-20 1999

WEDA XIX, “The Last Great Dredging Conference of
the 20th Century and Exhibition” and the 31st Texas
A&M Dredging Seminar (TAMU 31) will be a three-day
conference, with the theme “Environmental and
Beneficial Aspects of Dredging”. Topics will include, for
instance: advances in dredging technology; dredging



For further information contact:
Rachel Cooninx, Thomas Telford Conferences, 
The Institution of Civil Engineers, 
One Great George Stree, et London SWIP 3 AA, UK
tel. +44 171 662314, fax +44 171 233 1743
email: coninx_r@ice.org.uk
http://www.t-telford.co.uk/co/conflist.html

POAC ’99
Helsinki University of Technology, 

Espoo, Finland
August 23-27 1999

The 15th International Conference on Port and Ocean
Engineering under Arctic Conditions is being organised
under the auspices of the POAC International Commit-
tee. It will especially address the new developments in
the offshore industry together with winter and Arctic
navigation. Technical tours will be arranged to the
icebreaakers of the Finnish Board of Navigation and to
the shipyard and Arctic Technology Centre (MARC) of
Kvaerner Masa-Yards.

For further information contact:
POAC ’99 Conference, c/o TSG-Congress Ltd.
Kaisaniemenkatu 3 B 12
FIN-00100 Helsinki, Finland
tel. +358 9 628 044, fax +358 9 667 675
email: info@tsgcongress.fi

Offshore Europe 99
Aberdeen, Scotland

September 7-10 1999

Offshore Europe 99, an Oil and Gas Exhibition and
Conference, will examine the offshore industry on the
brink of the 21st century. This biennial event attracts
industry professionals from the countries involved in
exploration and prodcution, including the UK, Norway,
The Netherlands and Denmark on the Northwest
EuropeanContinental Shelf, France and Italy inthe
Mediterranean and Spain in the Atlantic.

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

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

All presentations are by invitation, with speakers drawn
from the Øresundskonsortiet, the project owner, and
the authorities, contractors, consultants and research
intstitutes involved. The conference will also be suppor-
ted by poster papers.

For further information please contact:
Organising Committee, Øresundskonsortiet
Kastruplundgade 20-22
DK-2770 Kastrup, Denmark
tel. +45 33 41 6300, fax +45 33 41 6308
email: tunnel@oresundskonsortiet.dk
http://www.oresundskonsortiet.com

Coastal Structures ’99
Royal Palace of the Magdalena,

Santander, Spain
June 7-10 1999

Puertos del Estado (State Ports of Spain) and the
Universidad de Cantabria are organising a conference
co-sponsored by the American Society of Civil Engineers
(ASCE). Presentations will run in three parallel sessions
from June 7-9 and contain papers on all aspects of the
design, construction and maintenance of coastal struc-
tures, such as: functionality, stability and reliability;
wave and structure interaction; geotechnical aspects;
physical modelling and field monitoring; environmental
problems associated with structures, and so on. 
The last day will be a visit to the port of Bilbao and the
Guggenheim museum.

For further information check the homepage:
http//www.omniasc.es/aforo/coastal99
or contact: Conference Bureau Aforo, S.L.
C/Magallanes, 36, 39007 Santander, Spain
tel. +34 942 23 06 27, fax +34 942 233 10 58
email at: aforo@omniasc.es

International Ports Congress
De Vere Grand Harbour Hotel, 

Southampton, UK
June 14-15 1999

Co-sponsored by the International Assoociation of Ports
and Harbours (IAPH) and International Navigation Asso-
ciation (PIANC), the Institution of Civil Engineers (ICE) is
hosting a two-day congress to offer up-to-date infor-
mation about recent developments in the design and
construction of ports. 

Topics will include: the rapidly changing environment;
effects of new legislation; developments in cargo
handling; how ports may diversify to best use land
resources; and integration with other modes of trans-
port.

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

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

Day 3: How Dredging?
Dredging Projects 

Day 4: Preparation of Dredging
Contract

Day 5: Cost/Pricing and Contracts

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

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

In cooperation with the Universidad Nacional de La
Plata and Estudio de Ingenieria Hidraulica S.A., the
International Association of Dredging Companies is
pleased to organise for the first time in Buenos Aires an
intensive, one week seminar on dredging and recla-
mation, This seminar has been succesfully presented
for many years both in Delft, The Netherlands with the
International Institute for Hydraulic Engineering, and in
Singapore with the National University of Singapore and
the Applied Research Corporation.
The costs are US$ 3,250, which include six nights
accomodation at the conference hotel, breakfast and
lunch daily, one special participants dinner, and a general
insurance for the week.

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

International Seminar on
Dredging and Reclamation

(please print)

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

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

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

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

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

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

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

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

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

�� A Cheque is enclosed.

�� Please charge my credit card:

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

Account no.:

Expiry date:

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



Africa
Boskalis South Africa (Pty.) Ltd., Capetown, South Africa
Boskalis Togo Sarl., Lomé, Togo
Boskalis Westminster Cameroun Sarl., Douala, Cameroun
Boskalis Zinkcon (Nigeria) Ltd., Lagos, Nigeria
Dredging International Services Nigeria Ltd., Lagos, Nigeria
HAM Dredging (Nigeria) Ltd., Ikeja, Nigeria
Nigerian Dredging and Marine Ltd., Apapa, Nigeria
Westminster Dredging (Nigeria) Ltd., Lagos, Nigeria

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

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

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

Australia
Condreco Pty. Ltd., Milton, QLD., Australia
Dredeco Pty. Ltd., Brisbane, QLD., Australia
New Zealand Dredging & General Works Ltd., Wellington

Van Oord ACZ B.V., Victoria, Australia
WestHam Dredging Co. Pty. Ltd., Sydney, NSW, Australia

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

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