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EDITORIAL

As the Fourteenth World Dredging Conference in Amsterdam, The Nether-
lands draws to a close it is clear that the beneficial use of dredging is one of the
most discussed issues of this decade. Many excellent papers were presented –
some of which we hope to reprint for a wider public in subsequent numbers of
Terra – including the IADC Award for the best paper written by a younger 
author, which was presented by Dutch Minister of Transport and Public Works 
A. Jorritsma.

As Minister Jorritsma said, “...dredging is important in keeping open the 
avenues of trade and industry...”. In the present Terra you will find articles
covering two sides of the beneficial use question. The first concerns environmental
dredging techniques developed to clean up the highly polluted Lake Ketelmeer. 
A great deal of time, energy, thought and money has gone into this effort to solve
the difficult problems involved in dredging and disposing of contaminated
materials. It is an excellent example of the importance of the cooperation between
government and the private dredging industry to conduct research and trial tests in
order to find successful solutions.

The second article concerns the “beneficial use of dredged material” in the
United Kingdom. Here too the cooperation of government with private industry is
essential in finding alternative uses for clean dredged material, rather than simply,
wastefully, dumping it at sea. This article is excerpted from a masters thesis, which
was granted IADC’s “Most Promising Student Award” in July 1995.

Speaking of conferences, if you have not yet signed up for the IADC Seminar in
Singapore, turn to page 32. There is no time like the present to do so.

Marsha R. Cohen
Editor



metals. Therefore it was necessary to develop a plan to
clean up the polluted heritage of the previous decennia.
Environmental impact assessments showed that the
best way to deal with the problem was to remove the
polluted layer of sediment and deposit it into a large
depot. Reasons for this action are the site-specific
circumstances of the Ketelmeer system:
– to call a halt to further dispersal of pollutants into the

clean regions of the major IJsselmeer system;
– to stop emission of contaminants into the ground-

water;
– to enable the multi-functional use of the Ketelmeer

including recreational prospects; and
– to mitigate ecotoxicological impact on fauna and

flora.

The disposal site is designed as an island, combining
recreational developments whilst solving the environ-
mental problems. The disposal site will be build from
1996 to 1998.

Characteristics of the Ketelmeer
The lake has a surface area of 38 km2 of which about
28 km2 is polluted. The polluted layer has an average
thickness of 0.55 m, which leads to high quality
demands for dredging techniques. As an illustration the
consider following calculation:
Every centimetre of the polluted layer equals 280,000
m3 of in situ sediment. A cubic metre disposal site
costs about US$ 10, which implies that every centi-
metre in excess removed material costs US$ 2.8 mil-
lion apart from the dredging costs.

These figures are reason enough to investigate the
possibilities of state-of-the-art dredging equipment and
survey methods. In order to achieve an optimal remov-
al efficiency the accuracy of determination of the con-
taminated layer and dredging related environmental
criteria like accuracy, spillage and turbidity are of great
interest.

Initiators and Aim of the Trials
Two departments of the Netherlands Ministry of Trans-
port, Public Works and Water Management initiated
the dredging trials. The IJsselmeer Directorate, which
is responsible for the IJsselmeer and the Ketelmeer,

Abstract

Lake Ketelmeer is one of the major lakes in The Nether-
lands. Unfortunately the bottom of the lake is largely
contaminated. Therefore plans for an environmental
clean up are being developed. Although several remedial
dredging projects have taken place in The Netherlands,
there is not much experience in accurately dredging thin
layers in large lakes. To gather more knowledge on the
specific problems that can occur dredging trials have
taken place in 1995 and more are scheduled for 1996.
The extent of the pollution (28 km2 out of a total surface
of 38 km2) and the expense of a clean up are reasons
enough to investigate the possibilities of state-of-the-art
dredging equipment and survey methods. 
In order to achieve an optimal removal efficiency the
accuracy of determination of the contaminated layer and
dredging related environmental criteria like accuracy,
spillage and turbidity are of great interest.
This article describes the preparation and execution of
the first two dredging trials. Although the emphasis of
this article is set on the testing of the dredging tech-
niques (assessment and performance), the determina-
tion of the contaminated layer is also discussed (survey
and field investigations), and the preliminary results are
reported. The appendices present the descriptions of
the two dredgers, the environmental impact, and the
temporary disposal site. Further reports will be forth-
coming.

Introduction

The settings for an environmental hazard at the IJssel
Delta are as old as Holland: the rivers Rhine, Meuse
and IJssel carried huge loads of fine silt towards their
deltas. Protecting the reclaimed land against the sea,
the Afsluit Dam with a length of 32 km was built in
1932. This dam changed a tidal area into the largest
freshwater lake of The Netherlands: Lake IJsselmeer.
In the 1950s new land was created at the southern part
of that lake. Between the dikes of the new land a lake
was created which is now known as the Ketelmeer
(Figure 1). 
From 1950 to 1980 the top layer of the Ketelmeer
became heavily polluted, mainly with PCBs and heavy
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was the major initiator. The aim of this directorate is to
gather information by means of a field trial on the
method in which the future clean up could best be
carried out.
The second initiator is the Development Programme
Treatment Processes for polluted sediments (POSW).

The aim of the POSW is mainly to collect data to com-
pare different dredging techniques in a similar location,
eliminating the variations in hydro-dynamic conditions
and sediment characteristics.

PREPARATION OF THE TRIALS

Four promising techniques were selected by the
Ministry. Each technique was either newly developed
or a modification of a conventional technique to suit the
demands of environmental clean-up operations. Con-
tracts were negotiated with the companies that devel-
oped or modified these techniques. Two of the con-
tractors decided to form a joint venture to perform the
first two trials. The project plan was detailed, in close
cooperation with these contractors, into a survey plan
describing all the necessary measurements and a
dredging plan containing all necessary dredger-related
settings. These two documents formed the core of the
work plan containing a day-by-day description and
planning of all activities during the trials. A separate plan
was put together to deal with the problem of accurate
determination of the contaminated layer.

Preparation for Dredging Activities
The excavated sediments during the trials are deposi-
ted in a circular confined temporary disposal site situ-
ated next to the dredging areas. The site chosen for the
first two trials was close to the disposal site in order to
minimise the cost of transport. Because the design and
filling of a disposal site is not straightforward, the beha-
viour of the deposited sediments in this depot is also
closely monitored. Each trial was expected to be exe-
cuted within a three week period, with an amount of
excavated sediment that was not to exceed 15,000 situ
m3.

FIELD INVESTIGATIONS

Prior to the dredging trials an intensive field investiga-
tion was carried out to determine the contaminated
layer. The described positioning system and echosoun-
der measurements were also used as assessment
tools during the dredging trials.  

Positioning System
The essence of all measurements is high accuracy of
the acquired data. To achieve this high accuracy the
newly developed kinematic dGPS-Kart was chosen as
main positioning system for both vertical as horizontal
position. Although the expected accuracy of dGPS-Kart
was within the specifications set for the trials (0.05 m,
2 x standard deviation), the vertical accuracy was
almost equal to the specified accuracy. 
To check the accuracy and reliability of the system a
monitoring station was set up in the close vicinity of
the dredging area. To establish the accuracy in several
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A number of people both in govern-
ment and private industry have coop-
erated on this project and writing this
report: From the Netherlands Minis-
try of Transport, Public Works and
Water Management, Directorate
General for Public Works and Water
Management: Thomas Arts, North
Sea Directorate; Rinus Elsman, Road
and Hydraulic Engineering division;
Bert Kappe, Directorate IJsselmeer;
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Rosenbrand and Koos Spelt, Boskalis
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Johan Pennekamp, Delft Hydraulics.

From left to right: W. Borst,
T. Mullié, B. Kappe,
J. Pennekamp, K. Spelt,
T. Arts, R. Elsman and
W. Rosenbrand.

Figure 1. Lake Ketelmeer in The Netherlands.



of the contaminated layer and the second of the bot-
tom of the contaminated layer. The first DTM was is
based on the detailed bathymetric survey, due to the
large amount of data available a high accuracy could be
achieved. The calculated standard deviation of this
DTM is 0.05 m. The second DTM is based on the
results of the coring programme and is defined as the
boundary between contaminated and clean layer. 
The calculated standard deviation is 0.08 m. In both
cases the kriging method was used to interpolate the
data and to calculate the standard deviation.
To optimise the coring distance the initial grid distance
of 100 m was decreased in specific areas to 20 m. 
In addition 4 “crosses” were made consisting of two
perpendicular lines of approximately 10 cores with a
separation of 1 m. The optimum coring distance based
on expected accuracy, dredging accuracy and cost is
still under investigation.

parts of the Ketelmeer a comparison between a tacho-
meter (AGA 140H) and a Minilir and dGPS-Kart was
made. The results which are shown in Table I clearly
indicate the high achieved accuracy of dGPS-Kart. The
differences found are obviously not absolute values 
but are related to the accuracy of the system used for
comparison. Both the Tachometer and Minilir have
specified accuracies only slightly better then the dGPS-
Kart system.

Bathymetry
All bathymetric measurements for preparation of the
project as well as the continuous monitoring during the
trials were executed following strict procedures. 
The actual depth measurement is corrected to an
absolute level using the dGPS-Kart vertical component.
The dGPS antenna was mounted directly above the
transducer to eliminate offsets and gyro corrections.
Before and after each survey the complete systems
was checked using a metallic frame situated on the
bottom of the lake with dimensions of 10 by 4 metres.
The results of this check showed that the mean differ-
ence between echosounder measurement and actual
depth was 0.02 m with a related standard deviation
also of 0.02 m. The line spacing of the survey lines was
minimised to 5 m to enable an accurate translation to a
digital terrain model (DTM).

Coring
Coring was used to establish the boundary between
contaminated and clean sediments. Fortunately the
contaminated layer could be distinguished by means of
visual interpretation. The coring instrument used was
the “Vrijwitboor”. Figure 2 shows the Vrijwitboor and a
typical core sample. The position of the Vrijwitboor is
accurately known by placing a dGPS-Kart antenna
directly above the coring device. The estimated stan-
dard deviation of the thickness of the contaminated
layer is 0.03 m.

Digital Terrain Model (DTM)
Two digital terrain models with a grid size of 1 m are
necessary for the trials. The first is the DTM of the top
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Horizontal - X Horizontal  - Y Vertical - Z

Mean Standard Mean Standard Mean Standard
difference deviation difference deviation difference deviation

(m) (m) (m) (m) (m) (m)

Monitoring station 0 0.015 0 0.015 0 0.025

Comparison Tachometer 0.016 0.022 0.039 0.023 0.004 0.024

Comparison Minilir - - - - – 0.033 0.021

Table I. Results Accuracy dGPS-Kart

Figure 2. The coring instrument “Vrijwitboor” and a typical
core sample of a contaminated layer.



DREDGING TECHNIQUES ASSESSMENT

METHOD

The monitoring programme focussed on three criteria,
namely, accuracy, spillage and turbidity, as these three
items could to a large extent determine the impact of
re-suspension, dispersion and re-sedimentation of
(polluted) dredged material. The results of the criteria as
measured during the trials are dependant on different
dredging related process parameters (settings) all
resulting in different productions and mixture concen-
trations. For every technique approximately 40 tests
are scheduled each with different settings.
To reflect the situation of the Ketelmeer, where con-
taminated top layers are present within the range of
0.10 to 0.80 m, three scenarios were defined. The first
scenario is the excavation of a thin top layer with a
thickness of 0.20 m. The second scenario is the remov-
al of the contaminated layer with an average thickness
of approximately 0.40 m. The third scenario is defined
as the removal of the thickest layer possible with that
specific technique, which in the case of the first two
tested techniques is approximately 0.70 m.
The aim of the tests is to establish a relation between
the mentioned criteria and the actual production and
mixture concentration. Figure 3 summarises the
method by which every dredging technique is tested. 

The criteria used for the assessment of the dredging
techniques are detailed below.

Accuracy
The overall accuracy is calculated by means of com-
parison between the desired profile and the actual
dredged profile. The actual dredged profile is deter-
mined by using a high precision echosounder system.
However, not only this overall accuracy is measured
but also the individual position components are deter-
mined. The individual measured components are
shown in Figure 4, and are detailed as follows:
1. Horizontal and vertical accuracy of the reference

positioning system
All trials and related surveys will be carried out using
the same reference system, namely the dGPS-Kart
system. This system has a specified accuracy of less
then 0.05 m in both horizontal and vertical direction. 

2. Horizontal and vertical accuracy of positioning the
excavation head
The system used for converting the reference posi-
tion on the dredger to the excavation head position
is largely dependant on the dredger which is tested.
Common systems used are pressure box and laser-
plane for the vertical correction and angle measure-
ment in combination with offsets for both vertical
and horizontal correction.

3. Vertical accuracy of following the desired profile
Accuracy of excavation head to dynamically follow
the desired profile according to the information from
the digital terrain model.

To check the accuracies of the individual components
an optical high accuracy system (Minilir) is used. 
This system has a slightly higher specified accuracy
than the dGPS-Kart system. 

Spillage
Spillage is defined as all material that is loosened by the
dredging technique without entering the transport
system. In the case of the Ketelmeer trials this is trans-
lated to the soft material that is found on top of the
dredged surface.  Spillage is an important criterium
because in this case spillage in general is often contam-
inated. To determine the spillage an intensive coring
programme was set up after each trial. During each day
an average of 25 cores were taken and interpreted. 
The Beeker sampler was used as a coring device due
to its possibilities for highly accurate sampling with
minimal disturbance of the top layer. Figure 5 shows
the Beeker sampler with the result of a typical core.
Selected samples of some cores were used to analyse
the chemical quality of the top layer after dredging.

Turbidity
Turbidity is an important criterium in the Ketelmeer.
Contaminants can be attached to the suspended solids
which enables contamination to disperse to clean
locations in the area. 
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Figure 3. Summary of the method by which each dredging
technique is assessed.

Figure 4. Positioning of the excavation head.



metric survey was carried out, whilst during the test all
related parameters were recorded on digital format. 
For quantification of the spillage, samples were taken
after each test on several places in the dredged area.
Results were available within 6 hours after dredging,
allowing feedback on the interpretation of the applied
settings. Although working with heavy contaminated
sediments, no physical contact could occur due to the
closed hydraulic system. Only the sampling activities
required protective clothing.
Throughout the test period relevant environmental
parameters like wind strength and direction, wave
height and period were collected.

General Results of Dredging Techniques
The first two trial were carried out in the period from
June to the beginning of September 1995 (Figure 6).
The interpretation of the gathered data will take at least
the months October and November. The final report is
expected in December 1995. Preliminary results of the
first two trials are shown in Table II. The results are an
average for all individual settings and related scenarios.

The turbidity measuring campaign complies with the
Dutch standard as developed by the Rotterdam Har-
bour Authority in combination with the major dredging
contractors and the Ministry of Public Works. 
This method allows an objective comparison between
different dredging techniques. The turbidity is mea-
sured using optical sensors positioned in a “fixed” grid
with a spacing of 30 x 30 metres around the tested
dredger. In addition one measurement point is fixed on
the dredger with continuous monitoring. To eliminate
the influence of local disturbances and to enable a
proper calibration, the background turbidity is contin-
uously measured and water samples are taken regular-
ly. Two major parameters which are extracted from the
measurements are the characteristic increase of turbi-
dity caused by the dredging activity and the amount of
resuspended dredged material.
To quantify the turbidity a three-day measurement
campaign is executed during the testing of each dredg-
ing technique. The turbidity measurement is not
restricted to the actual dredging process but also other
activities are monitored (eg replacing anchors). Included
in the turbidity measurements are some “worst case”
settings of the dredging technique.

PERFORMANCE DREDGING TRIALS

Operations During the Trials
During the trials different settings were used to analyse
the effects of these settings on the environmental
criteria. Examples of these settings are swing or hau-
ling speed, cutter or auger speed, concentration and
step length.
Approximately 5 to 6 tests could be carried out per day
under favourable conditions. All individual tests were
closely monitored. Before and after each test a bathy-
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Figure 5. The Beeker sampler (left) with several cut-open
samples of a typical core (above).

Figure 6. Dredging location with dredgers and the disposal site.



Specific Results
The dGPS-Kart system worked in general well within
the specifications. However, the installed systems on
the dredgers occasionally experienced problems.
Especially when the signal was lost for a short period of
time it took sometimes more than half an hour before
the system worked within the desired accuracy. 
The specific problems could be caused by the relative
new development of the system. 
The gas content in the top layer was determined be-
fore the dredging trials. An average was measured of
approximately 5-10%. This percentage influenced the
results of tested dredging techniques, therefore adjust-
ments in the hydraulic system were necessary. 
De-gassing systems were installed during the trials
which successfully limited the negative effects.

Conclusions

Although the final results are still buried in a pile of data,
it is becoming clear that already a great deal has been
learned during the first two trials. The survey depart-
ments have gained valuable information on procedures
to achieve high accuracy on coring and bathymetric
surveys. The results will be translated in clearer and
concise demands which will be used in future dredging
contracts for removal of contaminated sediments.
The measurements in the temporary disposal site with
regard to design and operational management already
proved to be very useful for the planned construction of
the large disposal site for storage of the contaminated
sediment of the Ketelmeer. 

The four appendices which follow give more detailed
descriptions of the two dredgers used, the environ-
mental impact and the temporary disposal site.
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Table II. Preliminary Results of Dredging Trials

Accuracy Mean Standard Remarks
deviation

Accuracy positioning excavation head (m) <  0.02 .01 dGPS - Kart, Minilir, Laserplane

Accuracy following desired profile (m) <  0.02 .02 dGPS - Kart, Minilir, Laserplane

Accuracy profile after dredging (m) <  0.04 .03 Echosounder

Turbidity

Background turbidity (mg/l) 25 - 40 MEX -3, water samples

Characteristic increase (mg/l) insignificant MEX -3, water samples 

Suspension parameter (kg/m3.m3) insignificant MEX -3, water samples

Spillage

Thickness of layer (m) 0.00 - 0.05 Beeker sampler, influenced by 
weather conditions

Chemical quality not yet analysed Chemical analyses

Gross production (per cycle)

Production (situ m3/hour) 150 - 450 Scenario and settings dependant

Transport concentration (%) up to 75% Influence of occurrence of gas

Tonnes dry solids (situ tds/hour) 100 - 300 Based on situ density of
1.425 ton/m3



In order to minimise turbidity caused by the anchor
wires dragging through the sediment of the bottom of
the lake, anchor-wire pontoons are used to keep the
wires free from the bottom. The dredge level is auto-
matically controlled by the PA (Production Automatisa-
tion) computer in combination with the survey compu-
ter. The survey computer at each auger position
provides the exact desired depth, based on the DTM,
to the PA computer. The PA computer measures the
actual depth of the auger with an accurate pressure
gauge, and controls the desired depth via the ladder-
winch. The depth measure accuracy is 0.02 m and the
depth steering accuracy is within 0.01 m. The speed of
the underwater dredgepump is also controlled automa-
tically in order to achieve a high concentration. 
There are two operating modes. One mode using the
in-situ density, as with a desired concentration the
desired pumping mixture density can be calculated.
The actual mixture density is measured with a density
meter. With this system concentrations of up to 80%
have been realised. The other mode is based on the
measured actual dredged volume per second. 
All relevant survey and process data are logged in the
PA computer and available for processing and analysing
after each test. All software is in-house designed by
HAM’s survey, PA and research departments.

Features of the Willem Bever are:
– width of 8 m, which means a calm and controlled

process with relative low haulage speeds. Further-
more, little overlap between consecutive tracks, to
allow for the haulage accuracy and to remove mate-
rial breached off along the dredged track, is required;

– suitable to remove thin layers whilst retaining mix-
ture density and capacity. Hauling speeds of up to
7 m/min and concentrations up to 75% have been
realised;

– the maximum layer thickness which can be removed
in one track amounts to 0.85 m;

– the flexible silt-screen curtain automatically follows
the bottom profile, which means that no sophistica-
ted and vulnerable control is needed to measure
changes in layer thickness and to adjust the position
of the baldachin construction;

– a debris box in front of the suction mouth makes the

During the past years HAM has developed the auger
dredger into a useful environmentally friendly dredger.
The first project was the Geulhaven where practical
experience with the patented silt screen mounted
around the auger was gathered. Results were very
promising as during the testing hardly any spillage and
turbidity occurred.
After this project model tests were executed in HAM’s
laboratory (see Figure 7) in order to further optimise the
auger. In August 1992 the auger was used to clean up
the Seaharbour Channel of Delfzijl in The Netherlands.
To meet the requirements of this project a new auger
was built and mounted on the Willem Bever pontoon. 
To dredge a hot spot, where pollution exceeds the
accepted standards by 1000 times, strict requirements
with respect to turbidity, spillage and accuracy were
necessary. On this project further modifications were
executed to the auger blades and the hauling winch.
Moreover a so-called debris box was placed in front of
the suction mouth in order to prevent damage to the
auger blades caused by blocked debris and to quickly
get rid of the debris by relieving the valve.  
The Willem Bever as used in the Ketelmeer trials is
equipped with an auger of 8 m width and a diameter of
1.25 m (Figure 8). Dredging is performed in 7 m wide
tracks (1 m overlap) in one direction. For the accurate
hauling of the pontoon along the track, the withdrawing
and the positioning for the next track, 6 constant ten-
sion winches are used. With this system in combina-
tion with an automated hauling system a hauling accur-
acy of <0.25 m can be achieved.
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APPENDIX 1: TEST 1, MODIFIED AUGER DREDGER WILLEM BEVER

Figure 7. Model test auger, above working without a silt
screen and causing turbidity; below, with a silt screen,
turbidity is completely absent.

Figure 8. The Willem Bever at work on Lake Ketelmeer.



system relatively invulnerable for debris;
– less problems with gas being released from the

sediment when cut loose and whilst transported by
the auger. The gas released during this process will
accumulate under the baldachin and eventually
escapes through the valves at the top;

– the baldachin construction with silt-screen curtain
forms a closed box in which a slight under-pressure
is maintained permanently, keeping the turbulated

recirculated process water inside this box;
– spillage is prevented by keeping the lower side of

the cutting blade of the auger at nearly the same
level as the cutting edge of the augerblades. More
safety is guaranteed by the rubber flap at the back of
the cutting blade.

– and finally, when dredging polluted sediments, the
working conditions and the safety of the dredge
personnel are optimally guaranteed.
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The environmental disc cutter as installed on the Vecht,
is developed by Boskalis (Figure 9). The environmental
disc cutter is derived from the disc bottom cutter and is
based on model tests at the University of Delft. Proto-
type tests were carried out in the Berghaven, Hook of
Holland. 
Experiences in the past with a standard disc bottom
cutter showed the suitability to realise a flat profile with
a low spillage percentage. In addition to these positive
properties the present developments are focussed on
increasing the accuracy of the positioning of the cutter,
increasing the mixture concentration and the reduction
of turbidity around the cutter.
The pattern of movements of a disc bottom cutter is
like an ordinary cutter: by means of two side wires arcs
are described around a fixed spud pole, in each corner
a step is made and when the spud carrier is at the end
of its stroke a re-track is made in the centre line whilst
the position is fixed by means of an auxiliary spud. 
The soil is cut by means of a cylindrical cutter with a
flat, closed bottom and vertical axis of rotation. A suc-
tion mouth, for the removal of cut material, is situated
inside the cutter.

Accuracy of Positioning
The depth of the disc cutter is calculated from the
height of a laser plane, the list and trim of the pontoon
and the angles of the ladder and disc cutter. The hori-
zontal position is determined by means of dGPS-Kart,
gyro compass and the same angles as used for the
depth calculation. Information about the disc cutter
position and the DTM containing the actual soil surface
and desired profile is used to control, fully automated,
both the disc cutter position and orientation. The ability

to adjust the orientation of the cutter in every direction
is essential when slopes have to be followed accurate-
ly. The position of the disc cutter with respect to the
actual and desired profile is displayed to the dredge
master on a monitor (Figure 10).

Control of Mixture Concentration
A high mixture concentration is advantageous with
respect to required transportation capacity and to the
required initial storage capacity. The geometry of the
disk cutter allows a removal of dislodged soil from
within the disc cutter without the supply of extra water.
Dislodged soil is pushed into the suction mouth by the

APPENDIX 2: TEST 2, ENVIRONMENTAL DISC CUTTER VECHT

Figure 9. The environmental disc cutter installed on the Vecht.

Figure 10. Close up of the environmental disc cutter.
Figure 11. Echosounder position and silt screens.



The actual suction flow is measured, and based on this
information and the required mixture concentration, 
the flow is controlled automatically. A quick adjustment
of the suction flow is realised by means of a sliding
valve (with hydraulic actuator); in addition the pump
speed is made a function of the position of the valve.

Reduction of Turbidity
A screen around the cutter is used to prevent spillage
and turbidity. The screen consists of a fixed screen at
the back of the cutter over the full cutter height and an
adjustable screen above the soil to be cut. Depending
on the swing direction the position of the screen is
adjusted by means of a rotation around the cutter axis.
The height of the adjustable screen can be corrected
automatically to the height of the soil to be cut. 

rotating cutter. The mixture is pumped by a centrifugal
pump which makes a dilution of the mixture necessary
to limit the required pressures for pumping and to limit
the decrease in performance of the pump. In order to
prevent suction problems the pump is placed directly
onto the disc cutter. A control system is required to
achieve a high as possible mixture concentration. 
The suction flow is controlled as a function of the actual
amount of material being cut. The face height of the
cutter  is determined either by means of the difference
in depth between the soil surface and the bottom of
the cutter or by direct measurement of echosounders
mounted on the cutter. To make the transducers less
vulnerable to damage they are placed in a protected
position and use acoustic mirrors to reflect their beams
to the bottom next to the cutter (Figure 11).
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To assess what the effects on the environment of
dredging will be (adverse and beneficial), it is essential
not only to know the environmental aspects of the
dredging technique but also the local, site-specific
circumstances in and around the dredging area. The
latter encompass the physical, chemical and biological
situation and processes that occur in the water column
and in or on top of the bed material. 
Prominent aspects for the Ketelmeer system are:
– the typical thin layer in which the pollution is present;
– the small water depth;
– the open connection with clean water regions;
– the potential sink towards the groundwater.

It stands to reason that this calls for a thorough and
accurate pre-project investigation.
When dealing with sensitive aqua-systems the follow-
ing site-specific aspects need to be addressed and the
relevancy of each of the items for the envisaged
(dredging) activities shall be established before in-depth
studies are initiated:
– the resuspension, dispersal and resedimentation of

polluted sediment;
– the change in biological and chemical (e.g. mobility)

activity of the pollutants;
– the effect on flora and fauna in the area under con-

sideration;
– changes in surface and ground water flow patterns

and consequently the chemical and biological condi-
tions in the bed;

– exposure of underlying “other” sediment types;
– the particular type of sediment and its physical /-

chemical composition;
– the flow patterns of the water including the vertical

exchange of particles (pollutants);
– impact on adjacent clean or otherwise sensitive

areas;
– use of the area (e.g. fishery) and accessibility of the

dredging area to the public (e.g. recreational) and 

the dangers associated with the type of dredging
operation.

Nowadays advanced mathematical simulation models
can be used to assess the impacts. These models have
been used successfully in the past to predict the beha-
viour of fine sediment in estuarine waters and their
impact on the environment.
In order to reduce any negative impact on the environ-
ment the technical, dredging process related, aspects
have to be considered in advance, e.g.:
– accuracy/selectivity of dredging (contaminated)

sediments;
– spillage;
– turbidity;
– density of mixture with respect to the in-situ density;
– presence of gas in the layers to be dredged;
– handling of coarse debris;
– storage capacity, based on (assumed) attainable

mixture density;
– changes of the physical and chemical properties of

the sediment whereby the substances present in
the sediment may become mobile or volatile;

– noise and smell nuisance;
– means of transport of the dredged material;
– spillage and other risks associated with the means of

transport;
– discharge of the sludge at the storage area;
– settlement and consolidation behaviour of material in

storage area.
The relevancy of each of the above items depends on
the local prevailing conditions and a broad brush
approach could filter out those that are indifferent for
the environment. The proper assessment and evalu-
ation of the remaining location parameters combined
with the dredging process aspects, of which some are
inter-related as well, must be based on a thorough
knowledge and understanding of the basic dredging
physics and backed up by applied scientific research.

APPENDIX 3: DREDGING ACTIVITIES AND THEIR IMPACT ON THE ENVIRONMENT



The management and monitoring of the temporary
disposal site is not only restricted to the periods of the
dredging tests but extends to the cleaning up of the
depot in 1999. There are several reasons for this inten-
sive monitoring:
– To fulfil the conditions of the licences stated by the

authorities. For instance the suspended material in
the drained off water may not exceed 100 p.p.m.
and the maximum sludge level may not exceed
NAP –0.5 m.

– To develop a strategy concerning the discharge of
sludge into the depot and the disposal of water out
of the depot. Because of the limited depot capacity
and the large horizontal dimension with respect to
the vertical, it is of importance to control the way of
discharging sludge into the depot and the amounts
discharged. The discharge point is to be moved
regularly to prevent mounting up the discharged
sludge to an undesirable level. Depending on the rise
of the water level due to the discharge depot water
has to be drained off into the Ketelmeer.

– To gain knowledge about the behaviour of sludge in
depots, in particular to use the experiences with the
temporary depot for better management of future
projects.

– To validate two design programmes, in this case the
model “FSCONBAG” and the so-called “WRO
water quality model”.

The programme FSCONBAG is a sludge consolidation
model based on the Finite-Strain-Theory which uses an
one-dimensional approach to calculate the sludge
settlement in time and the involved consolidation
discharges at the top and bottom of the sludge layer.
Creep is incorporated in the consolidation process and
sedimentation is taken as being instantaneous. 

The WRO water quality model predicts on basis of a
water-sludge-balance in time the suspended solids in
the depot water, the quality of suspended particles and
quality of the depot water.

The Area Setup
The disposal site consists of a circular confined depot
with a diameter of about 200 m (Figure 12). The boun-
daries of the depot are formed by a cofferdam with a
crown width of about 5 m and with sheet pile walls on
either side. The sheet pile wall on the inside of the
depot reaches up to NAP +1 m. The initial bottom level
of the depot is approximately NAP –3.2 m. Filling up to
a sludge level of NAP –0.5 m is allowed, which implica-
tes a total storage capacity for contaminated sludge of
85,000 m3. The mean water level in the Ketelmeer is
about NAP –0.2 m and this is more or less the desired
level at the end of the periods of sludge discharging
into the depot. 
On the east side a drain-off box is installed with two
pumps and a turbidity meter. In the adjacent pipeline
a discharge meter is installed. 
Three settlement devices each made out of a base
plate and a standard are installed. On every base plate
two soil pressure transducers, two water pressure
transducers and one thermo-couple are installed. 
A second thermo-couple is installed near the standard
on the supporting beams. On the north side the water
level in the depot is recorded continuously. In the depot
area a discharge pontoon and a measuring pontoon are
installed. The discharge pontoon is by means of a
floating pipeline connected with the landing point. Out-
side the depot the connection between the dredging
equipment and the landing point is formed by another
floating pipeline. Through the pipelines the dredged
sediment is hydraulically transported. On the pontoon a
diffusor is installed to prevent the initial subsoil and the
already sedimented sludge from going into suspension
by dispersing the outflow. The measuring pontoon is
used for special investigations like density measure-
ments with a back-scatter, sludge sampling and turbidi-
ty measurements. To prevent turbidity caused by
anchor wires when moving the pontoons, plastic ropes
are used which float on the water surface.

Measurement Points
Going from the settlement devices to the middle of the
depot there are three section lines, each consisting of
ten measuring points. At each measuring point the
sludge level is frequently determined in combination
with occasionally back-scatter measurements and
sludge sampling to determine a vertical density profile
and to detect any gas production in the sludge. The
sludge level, back-scatter measurements and laborato-
ry results together with the other measurements give
insight in the settlement and consolidation behaviour of
the sludge.
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APPENDIX 4: THE TEMPORARY DISPOSAL SITE

Figure 12. Layout of the disposal site.



coarser granular material occurs in significant quantities
further downstream. At present, the dredged material
is disposed in a deepwater disposal site in the Firth of
Clyde, involving a return sailing trip of 36 km which
results in high transportation costs. The options for
using the dredged material beneficially include use as a
landscaping topsoil, beach nourishment, land reclama-
tion and brick manufacture. 
The maximum annual quantity of maintenance dredg-
ing at Ayr in recent years has been 65,000 m3 in situ. 
At Troon on average 10,000 m3 in situ is dredged over
a three-year period. At present, the dredged material
from both harbours is disposed of at a deepwater
disposal site. Although this form of disposal has had no
known adverse environmental impact, it is removing
sediment from the natural circulatory system and
therefore contributing to coastal erosion between Ayr
and Troon. If the dredged material was instead either
disposed of in a nearshore location or used for a beach
nourishment scheme then the dredged sediments
would remain within the natural coastal circulatory
system and therefore help combat erosion.  
Whilst national and international legislation may affect
the disposal of dredged material on environmental
grounds, economic factors are also very important in
determining the BPEO. No matter how attractive a
beneficial use may appear, it will only be considered as
the BPEO if it is economically feasible.

Abstract

Traditionally, dredged material has been disposed of at
openwater sites without limitation. However, increas-
ing concern with regard to contaminated sediments led
to the formulation of international and national legisla-
tion, resulting in stringent control of dredged material
disposal. The London Dumping Convention (now
known as LC 72) was enacted in 1972 with the aim 
of preventing pollution occurring within the world’s
oceans. The LC 72 relies on member states to “promo-
te the effective control of all sources of pollution of the
marine environment” within their own nation. In the
UK the Food and Environmental Protection Act 1985
(FEPA) states that a licence must be obtained before
disposing of dredged material at sea. 
Despite the concern, studies worldwide have shown
that the majority of maintenance dredged material is
clean and therefore available for beneficial uses. FEPA
have supported this view, by stating that all disposal
licence applications must be supported by a detailed
“Best Practicable Environmental Option (BPEO)
Assessment”, which should clearly state that all alter-
natives to sea disposal have been investigated.
In this abridged version of Mr. Allen’s master’s thesis
dredged material from two specific areas of the Firth of
Clyde are examined to see whether they are suitable
for any beneficial use: Firstly the River Clyde, and
secondly the harbours of Ayr and Troon. 
The author would like to thank his thesis supervisor,
Dr John Riddell, for his guidance throughout the
project. Special thanks must also be given to Capt.
Newton Brown, the harbour master for Ayr & Troon;
James McKie, The Scottish Office Agriculture and
Fisheries Department; Sheila Harvey and Martyn Cox,
The Crown Estate; George Lees and Graeme Walker,
Scottish Natural Heritage; Harem Bos, Westminster
Dredging Company Ltd; and John Fairgrieve, HAM
Dredging Ltd.  

Introduction

The average annual maintenance dredging commit-
ment for the River Clyde is currently 272,000 m3 in situ.
The sediments within the Clyde are predominantly fine
grained silts and clays in the upstream reaches, but
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After graduating with a MSc in Water Engineering from the
University of Strathclyde, Martin J. Allen (right) was presented
with the IADC “Most Promising Student” Award by Mr Hans
van Diepen, a member of the IADC Editorial Board.



THE RIVER CLYDE

The River Clyde begins its journey amongst the Low-
ther Hills of Southwest Scotland, initially flowing north-
wards, before heading in a more northwesterly direc-
tion, bisecting Hamilton and Motherwell, and finally
passing through the City of Glasgow (Figure 1). The
Clyde is joined by a northern tributary, the River Kelvin,
downstream of central Glasgow, whilst from the south,
the Rivers White Cart and Black Cart converge just
before they flow into the River Clyde at Renfrew. 
The River Leven flows into the Clyde at Dumbarton,
and is the last major tributary to join the river before it
flows out into the Firth of Clyde.
The Clyde Estuary is considered to extend for 42 km
westwards from the tidal weir in Broomielaw, Glas-
gow, to a line between Baron’s Point and Cloch Point in
the Firth of Clyde, and is further divided into the upper
estuary and the lower estuary. 
The Clyde has much smaller tidal ranges in comparison
to other west coast estuaries of Britain, and therefore
the low river velocities create a minimum amount of
turbulence. These conditions are ideal for the deposi-
tion of sediments. The resulting siltation in the River
Clyde has caused problems for hundreds of years and
if annual maintenance dredging was to cease, the River
Clyde would return to regime conditions. With an
average sediment input equivalent to 200,000 m3 of
infilling each year, the time to achieve regime condi-
tions will range from 44 years to the Cart to about 230
years for the whole channel (Riddell, 1988).  

Present Dredging Commitment
The average annual maintenance dredging commit-
ment is currently 272,441 m3 in situ, which is signifi-
cantly smaller than the volumes dredged in the early
1900s, when maintenance dredging was at its peak. 
In March 1992 Cydeport Limited took over the assets
and responsibilities of the Clyde Port Authority (CPA).
At present Clydeport Limited is responsible for an area
of some 1170 km2, which includes maintaining a navi-
gable channel as far upstream as the King George V
bridge in Central Glasgow (Clydeport Limited, 1992).
Until September 1991, all of CPA’s required mainten-
ance dredging was undertaken by in-house dredgers.
However, in November 1991, the CPA brought in a
Contractor’s trailer suction hopper dredger (TSHD) on a
trial basis to dredge the channel. Clydeport Limited has
continued with this policy, employing the Westminster
Dredging Company’s TSHD WD Medway II to dredge
the channel in June 1994 (Figure 2).

Sediment Quantity, Type and Distribution
The sediments within the Clyde are predominantly fine-
grained silts and clays in the upstream reaches, but
coarser granular material occurs in significant quantities
further downstream. The “fines” material predomi-
nates in the upstream reaches from Broomielaw to
Newshot Isle. The fine sediments generally consist of

black organic silts, typically fine to medium to coarse in
grain size. These organic silts are comprised of 10-46%
sand, 30-87% silt, and 3-24% clay and are usually well
to poorly graded. The material is often saline and
anaerobic, with a very soft consistency and is also
typified by having a very high moisture content (Tho-
mas, 1990).

The “coarse” granular material predominates in the
lower reaches of the channel from Newshot Isle to
Greenock. The three main areas where the coarse
sediments are dredged in the lower reaches are at
Bowling, the mouth of the River Leven (Figure 3) and
an area two miles downstream of the mouth of the
River Leven. The coarse granular material present in
these locations is not considered to originate from
freshwater inflows, but to arise from local redistribu-
tions. The “coarse” granular material usually consists
of variable deposits of fine to medium to coarse sand
(65-97%), with small amounts of gravel (0-10%) and silt
(0-27%). The coarse material is typically uniformly
graded. A coarser, well-graded material is also present
in the reaches upstream, within the Broomielaw silt
trap. The sediments within the silt trap are usually a
medium to coarse sand (73-77%), with fine-medium
gravel (23-27%). All of the coarse sediment from the
River Clyde has good drainage characteristics, but
contamination by fines will significantly reduce its
permeability (Thomas, 1990).

The rate of siltation is somewhat weather dependent,
being controlled primarily by precipitation. Generally
when precipitation occurs the river’s flow velocity
increases and therefore sediment is transported down-
stream. However, as the River Clyde approaches the

Terra et Aqua – Number 61 – December 1995

14

Figure 1. The River Clyde catchment area.



the authorised dumping ground and disposing of the
dredged material through its bottom doors.
Disposal of dredged material within the Firth of Clyde
can only be carried out once Clydeport Limited has
obtained a disposal licence from SOAFD. A licence
would only be granted if SOAFD was satisfied that all
possible alternatives to sea disposal had been
thoroughly investigated in the BPEO Assessment, and
that disposal does not pose an unacceptable risk to the
marine environment. 

OPTIONS FOR RELOCATION

In July 1985, the Commission of the European Com-
munities in Brussels presented a proposal for a Council
Directive on the “Dumping of Waste at Sea”. 
The significance of the directive is that: “From 1st
January 1990, and over a period of five consecutive
years, Member States shall reduce each year the
quantities of waste authorised to be dumped by 10%
of the quantity authorised in 1989 in the case of waste
or other materials listed in Annex II, points 1, 2, 3 and
5.” (University of Strathclyde, 1989).
The implication is that either the quantities of these
substances in dredged material must decrease by the
appropriate amount, annually, or if this decrease cannot
be maintained, then the quantity of dredged material
itself must be reduced. Although the UK and other
governments were opposed to this Directive, alterna-

artificially increased cross-section below the Tidal Weir,
the river’s velocity decreases resulting in sediment
deposition. The rate of siltation is not uniform over the
35 km length of river and therefore although certain
areas of the Clyde are dredged annually, other areas
only require dredging every 5 or 10 years.
Virtually all of the sediments deposited in the navigable
part of the River Clyde, except some of the coarser
sediments already mentioned, originate from landward
rather than estuarine sources. Sediment enters the
estuary via the river system primarily as suspended
load, but also from sewage discharges and spillage
from harbours and docks. Table I shows the annual
suspended sediment loads of the major rivers which
are responsible for the high siltation rates in the Clyde
Estuary (Fleming, 1969).

Table I. Suspended Sediment Loads Entering the
Clyde Estuary from Rivers

River Period of Estimate Mean suspended 
sediment load 
in tons per year

Clyde 1964-1967 111,855
Leven 1966-1967 27,750
White Cart 1964-1967 28,254
Black Cart 1 year 16,000
Kelvin 1967-1968 10,899

The results indicate that practically all of the sediment
entering the Clyde Estuary is deposited within the
upper estuary. This theory is supported from Riddell’s
analysis of the distribution of dredged quantities over
the period 1982-1986. During this period, 87% of the
dredged material from the Clyde was recovered up-
stream of the Erskine Bridge. This confirms that sedi-
ment deposition is largely confined to the section of the
River Clyde upstream of its confluence with the River
Cart (Riddell, 1988). Therefore with high siltation rates
occurring in the upper reaches, the Clyde channel is
totally dependent on dredging operations if it is to retain
its deep navigable channel as far upstream as Central
Glasgow.

DISPOSAL OF DREDGED MATERIAL

The disposal of material dredged from the River Clyde
has been a subject of interest for over 200 years.
Since the Second World War, material dredged from
the channel between Greenock and Glasgow has been
disposed of at the spoil ground which is located two
miles north of Cloch Point, and is the one currently
licensed by the Scottish Office Agriculture and Fisher-
ies Department (SOAFD). In 1994, a Contractor’s TSHD
was employed by Clydeport Limited to dredge the
channel from Greenock to Glasgow, before sailing to
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Figure 2. Trailer suction hopper dredger WD Medway II, with
pump-ashore facility.
Figure 3. Coarse sediment along the north bank of the River
Clyde, near the mouth of the River Leven.



tives to sea disposal had to be sought. Accepting that
there will be a continuing need to dredge similar quanti-
ties of maintenance dredged material from the River
Clyde, rather than just considering alternative forms of
disposal, such as disposal to a landfill site, it would be
more advantageous identifying a beneficial use for the
dredged material. The following are examples where
maintenance dredged material from the Clyde may be
used beneficially: landscaping topsoil; beach nourish-
ment; land reclamation; and brick manufacture.

Landscaping Topsoil
Glasgow, like many other industrial ports, has under-
gone substantial changes in recent years due to its
decline in shipping trade. The traditional dock areas
have closed and the regeneration of these sites,
together with extensive land renewal projects, has
created a high demand for topsoil for landscaping uses
(Riddell et al., 1989).
The Clyde Port Authority sponsored the University of
Strathclyde to undertake a three-year research pro-
gramme which involved converting maintenance
dredged materials into topsoil for use in industrial land
regeneration projects. The research programme, com-
pleted in 1989, examined the physical and chemical
characteristics of Clyde dredgings and investigated the
problems of handling, drying, desalination and ameliora-
tion. As can be deduced from Table II, recycling dredg-
ed material for topsoil in 1990 reduced the quantity of
dredged material requiring disposal at sea by 27.7%. 
Converting even half of the maintenance dredged
material into topsoil, would substantially reduce the
high transportation costs which are presently incurred
from sailing long distances to the disposal site in the
Firth of Clyde. Also creating topsoil will provide a low-
cost product for nearby land renewal projects.
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To stimulate technical universities worldwide to in-
crease their interest in the dredging industry in general
and to improve the quality of their students in dredging-
related technologies in particular, IADC has instituted
an annual awards programme for the most interesting
final theses on dredging-related subjects.

An Invitation
Initially, five universities with well-known dredging-
related faculties were designated by the IADC to be the
site of these annual awards. At each university, profes-
sors recommend a ”most promising student” gradu-
ating that year. However, given the success of this
awards programme and the high quality of the papers
received, IADC has decided this year to invite other
universities with suitable candidates to participate.

Interested universities are advised to contact the IADC
Secretary General in The Hague for further information.
Each award carries with it a prize of US$ 500, a certifi-
cate of recognition, and the possibility of publication in
Terra et Aqua.

The first award in this series for 1995 was granted at
the recommendation of Dr John Riddell to a graduate
student at the University of Strathclyde, Martin J. Allen,
for his masters thesis, “Beneficial Use of Dredged
Material from the Firth of Clyde”. The award was
officially presented by Mr Hans van Diepen (Royal
Boskalis) on behalf of the IADC at a special ceremony
during the University’s graduation exercises. Excerpts
from the thesis are published here with the permission
of the author and the university.

Table II. The Percentage of Dredged Material 
Recycled into Topsoil

Year Maintenance Recycled for Topsoil
Dredging
Total (m3 in situ) Total (m3 in situ) Percentage

1991 228,802 47,062 20.6
1990 192,765 53,859 27.7
1989 253,402 45,551 18.0
1988 231,201 33,896 14.7
1987 252,277 37,314 14.8
1986 234,186 22,284 9.5
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Beach Nourishment
In order for beach nourishment schemes to be suc-
cessful, it is important that the dredged material has
the correct grain size distribution. Generally, the dredg-
ed material should be at least as coarse as the original
beach material, otherwise the first significant storm will
simply erode all of the dredged sand and leave behind
all of the original coarser material. According to Thomas
(1990), 43% of maintenance dredgings from the Clyde
are of “coarse” material, which should be suitable for
beach nourishment. All of the fine dredged material
which is unsuitable for beach nourishment, can either
be used for any other appropriate beneficial use or
continue to be dumped at sea.
Another important criteria for beach nourishment
schemes is that the dredged area must be reasonably
close to the beach which requires nourishing. There is
no point contemplating a beach nourishment scheme if
the transportation costs will make the scheme uneco-
nomic. Finally, there has to be a strong motive for
carrying out beach nourishment in the first place, for



Key: 1 Coulport 3 Rosneath Bay 5 Rhu Point 7 Ardmore Peninsula
2 Knockderry 4 Gareloch Head 6 Helensburgh 8 Lunderston Bay

a characteristic red colour. Therefore, the effect of
carrying out beach nourishment using a sand with a
different lithology must be investigated. The beach is
intensively used for recreation and as part of the Clyde-
Murishiel Regional Park attracts on average well over
500,000 visitors each year. There is evidence of recent
erosion south of the main beach, where the coastal
path has been undermined in a few places. A report by
ASH Consulting Group states that local rock material
could be used to construct a low wall of “rock armour”
which would help protect the coastal edge. Although
beach nourishment would not prevent coastal erosion
of this area in the short term, if it were repeated every
ten years, the beach levels would rise and help dissi-
pate the wave energy and therefore reduce erosion.
Providing that adding a different lithology of beach
material was not going to be detrimental to the environ-
ment, a beach nourishment scheme would appear to
be beneficial. The only disadvantage with carrying out
beach nourishment at Lunderston Bay is that it involves
a return sailing trip of 42 km.     

example, if the coastline is eroding and the beach is
intensively used for recreation.
Clydeport Limited stated in their 1992 BPEO Assess-
ment that they did not know of any demand locally for
beach nourishment and even if they did their present
dredger did not have a pump-ashore facility. However,
in 1994 Clydeport employed the WD Medway II which
has a pump-ashore facility (see Figure 2).
All of the beaches which are located within reasonable
sailing distance of the River Clyde and might be consid-
ered for a beach nourishment scheme are shown in
Figure 4. The beach has the correct grain size distribu-
tion. This criterion eliminates the beaches situated on
both shorelines of Loch Long, such as Coulport and
Knockderry, as they consist of pebbles and coarse
gravel. They are economically at a disadvantage com-
pared to some of the other beach locations as they are
significantly further from the dredged areas, and would
involve a long return sailing trip.
Most of the beaches situated on the shoreline of Gare
Loch consist mainly of pebbles and gravel, although
there are isolated patches of finer sediments. As the
beaches at Garelochhead and Rosneath are not suffer-
ing from erosion and have little recreational use, there
would be no justification in the extra cost of carrying
out a beach nourishment scheme. The beach at Rhu
Point consists of a 400 m long pebble spit which is
growing in recreational use, but again the lithology of
the beach exempts it from being suitable for nourish-
ment using sand dredged from the Clyde.  
The beaches surrounding the Ardmore peninsula con-
sist of sand and gravel which would be suitable for
beach nourishment (see Figure 5). The location of the
Ardmore peninsula would also be economically attrac-
tive, as this involves a return sailing journey of 18 km.
However, as the Ardmore headland is a Site of Special
Scientific Interest (SSSI), as well as being an establish-
ed Scottish Wildlife Trust site, the area is protected
against any development. 
Lunderston Bay (Figure 6), which is located 4 km south
west of Gourock, consists of mixed sediments of sand
and gravel. However, as the beach is underlain by a
layer of Old Red Sandstone, the beach sediments have
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Figure 5. South Bay at Ardmore which is composed of sand
and gravel.

Figure 6. Lunderston Bay is used for recreation even on 
cloudy days. 

Figure 4. Location of beaches in the Firth of Clyde.
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disposing of dredged material on land, can be used
beneficially. The land may be suitable for recreation,
industrial and commercial uses, agricultural uses, for
housing, or for institutional and public utilities.

Brick Manufacture
In 1987, the Clyde Port Authority supplied a quantity of
dried silt to an associated company to run trials to
establish whether the silts could be utilised in the
manufacture of soft-mud and other bricks. Although
there was some success at the laboratory stage the
project did not transfer to the factory for various techni-
cal reasons. Clydeport are also experimenting to see if
the fine sand fractions could be used in the manufac-
ture of pre-con blocks (Clydeport Limited, 1992).

NONBENEFICIAL USES

If no economic beneficial use could be found to reduce
the volume of dredged material disposed of at sea,
then as a last resort, nonbeneficial forms of disposal
would have to be considered. The following are exam-
ples where dredged material could be disposed of in
this way:
– Disposal to a landfill site.
– Disposal by incineration. 

Disposal to a Landfill Site
The first option which would reduce the amount of
dredged material requiring disposal at sea, is by dispo-
sal to a landfill site. Due to the length of the River
Clyde, there are at least three existing landfill sites
which could be considered: Craigmuschat Quarry,
Greenoakhill infill site, and Bishopton. In all three cases
the owners are reluctant to accept large quantities of
wet silts, as it would unbalance their refuse disposal
activities for which the landfill was created, such as
demolitions, road works and earth moving etc. In addi-
tion the lorry loads to transfer the dredged material
would exceed limitations.
Unlike in 1992, as stated earlier, the numerous lorry
journeys that would otherwise be required and also the
additional turbidity that re-dredging at the transfer
station would doubtless create, are no longer an issue
as Clydeport now use a Contractor’s TSHD, which has
a pump-ashore facility. Thus, dredged material can be
transported directly to a landfill site by using a pipeline.
However, disregarding the technical feasibility of trans-
porting dredged material directly to a landfill site, the
vital question is should landfill sites, which have a
limited lifespan, be used for the disposal of large quanti-
ties of generally clean dredged material.

Disposal by Incineration
The possibility of incineration was suggested, but this
method is not relevant for the disposal of dredged
material of a sandy nature as the majority of materials
are non-combustible.

Helensburgh possesses two beaches which are used
for recreation. The shorter of the two beaches is
approximately 100 m in length and extends westwards
from the pier. This beach, which is composed of gravel
on the upper part of the beach and consists of a narrow
backshore containing a high proportion of sand, is
intensively used for recreation. (In contrast, the east
beach which extends for 200 m, is less popular for
recreation as it possess two sewage outfalls.) 
An advantage of carrying out beach nourishment at
Helensburgh is that it involves a return sailing trip of
26 km, which is less than the 36 km to the present sea
disposal site. For these reasons, Helensburgh’s west
beach appears to be the most suitable for a beach
nourishment scheme out of all the beaches examined.

Land Reclamation
In 1989, the University of Strathclyde, Department of
Civil Engineering, Water and Environmental Manage-
ment Unit, undertook a study into the land disposal of
Clyde dredgings, which it presented to the Clyde Port
Authority in 1991. The report investigated the possibility
of locating a site, adjacent to the river, where 300,000
m3 of dredged material could be disposed of annually.
Conventional land disposal of dredged material is by
deposition in a confined area, which has relatively high
embankments to minimise the area used. The simplest
approach is to build embankments using local material
on reasonably flat-lying ground. A weir can then be
constructed which will help remove excess water.
However, water returning to the river must adhere to
the standards set by the local River Purification Board.
The thick dredged material deposits often require many
years before consolidation and desiccation occurs. 
The report identifies 21 possible land and inter-tidal
areas, on both the north and south banks of the river,
where a lagoon type of landfill site could be specially
constructed. However, the infilling of individual sites is
relatively short, therefore to achieve a reasonable
operating life for land disposal in excess of 35 years, a
combination of a group of sites would be required.
Some of the possible sites have been designated for
many years as Sites of Special Scientific Interest (SSSI)
for wetlands and wildlife habitats, and therefore would
attract opposition from the Regional and District Coun-
cils, who may be required to grant planning permission
for the disposal of materials. (University of Strathclyde,
1989). The sites would also require pump-ashore and
berthing facilities. There is no difficulty foreseen in
providing a mooring facility to allow a trailer dredger to
discharge to sites upstream of the River Leven. How-
ever, at sites below the Leven, the exposure of the site
could present difficulties for the normal pontoon type
facility therefore requiring the use of a submerged or
floating pipeline.
The report revealed that the land disposal of dredged
material is both technically feasible and economically
beneficial for a number of sites adjacent to the River
Clyde. Areas which have been reclaimed as a result of



carrying out beach nourishment at Helensburgh’s west
beach (see Figure 7). 
Beach nourishment can be carried out directly or indi-
rectly. Indirect beach nourishment could be carried out
at Helensburgh by dumping dredged material in the
nearshore environment, but generally, indirect beach
nourishment has had limited success (Lees, 1994).
Generally, direct beach nourishment schemes have
had much more success. Direct beach nourishment
could be carried out by either pumping material directly
onto the beach using a pipeline, or if the water is deep
enough, by discharging material vertically over the
dredger’s bow onto the beach. However, the depth of
water at Helensburgh pier is 2.5 m at the Lowest
Astronomical Tide (LAT), and the Mean High Water
Spring (MHWS) is 3.4 m, therefore the maximum
water depth at the pier would be 5.9 m. As the WD
Medway II has a loaded draught of 5.81 m, even at the
MHWS the dredger would be unable to moor alongside
the pier without a high risk of grounding. Neither would
the WD Medway II be able to pump material vertically
over the bow directly onto the beach, as the water
depth is quite shallow in the nearshore environment.
Beach nourishment could be carried out by berthing at
a nearby harbour and pumping material along a fixed
land pipeline. Dumbarton is the closest quay but is too
shallow to enable the WD Medway II to berth. 
The nearest deepwater port which could accommodate
the WD Medway II is at Bowling, but as Bowling Har-
bour is over 20 km away, it would be impractical to
contemplate running a fixed land pipeline through the
town of Dumbarton, across the River Leven, and along
the coastline to Helensburgh. The only realistic way the
WD Medway II could carry out a direct beach nourish-
ment project at Helensburgh is by anchoring offshore
and pumping dredged material onto the beach using a
submerged or floating pipeline.
Usually a submerged pipeline would be significantly
cheaper than floating pipelines and also they are not
affected by delays resulting from bad weather. At a
distance of 650 m offshore the LAT is 5 m, which
would be a sufficient depth for the WD Medway II to
anchor and pump ashore twice a day during periods of
high water.

BEST PRACTICABLE ENVIRONMENTAL OPTION

Disposal of dredged material at sea will only be allowed
to continue if this is considered to be the Best Practica-
ble Environmental Option (BPEO). Where the material
characteristics do not satisfy the London Convention
1972 Guidelines, or where it can be shown that practi-
cal alternatives to sea disposal do exist, a licence for
sea disposal may not be issued under the 1985 Food
and Environment Protection Act. The most attractive
alternative to dumping of dredged material at a licensed
disposal site, is to use the material beneficially. But no
matter how attractive a beneficial use may appear, a
BPEO will only be considered if it is economically
feasible.
In order to persuade SOAFD that the current “disposal
at sea option” is not the BPEO, an economic alterna-
tive has to be found. A useful estimate when looking at
the economic feasibility of a beneficial use is to calcu-
late the dredging cycle time. Therefore comparing the
dredging cycle times for the present “disposal at sea”
option and for a beneficial use, such as “beach nourish-
ment”, will indicate whether using dredged material for
a beneficial use is likely to be economically attractive.

Dredging Cycle Time for Disposal at Sea
Clydeport Limited have an annual dredging commit-
ment of 272,000 m3, of which 117,000 m3 is “coarse”
material suitable for beach nourishment. At present,
the sand which is dredged from between Dumbarton
and Port Glasgow is disposed of at sea. Therefore if
maintenance dredging was carried out using the
WD Medway II, which has a hopper capacity of 3,683
m3, disposing of the coarse material could be met by
approximately 35 dredging cycles. The dredging cycle
comprises the time taken to dredge and load, sail to
the disposal area, discharge, and return back to the
dredging area. The time taken to dredge depends on
the nature of the dredging location, but a maximum of
90 min might be considered reasonable for this size
dredger. Disposing of the dredged material at sea
through bottom doors would take about 10 min. Thus
for 35 cycles, the total time to dredge and dispose of
the material at sea would be 60 hrs.
The remainder of the cycle time is made up of the
sailing time. For 35 return trips to the present sea
disposal area, which is just east of Holy Loch, a total
distance of 1260 km would be sailed. For the WD
Medway II, with an average sailing speed of 10.2
knots, this would take approximately 70 hrs. For each
dredging cycle an additional 5 min might be spent
turning, getting up to speed and reducing speed.
Adding this to the dredging and discharging time, the
total working time for the WD Medway II would be
approximately 135 hrs (University of Strathclyde, 1989).

Dredging Cycle Time for Beach Nourishment
As aforementioned, an example where dredged mate-
rial from the Clyde could be used beneficially is by
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Figure 7. The west beach at Helensburgh is also used for
recreational purposes.



using the “coarse” material for beach nourishment at
Helensburgh would be 143 hrs. Again assuming the
dredger worked a 20 hour day, the scheme could also
be completed in about one week. Therefore, the cost
of employing a dredger like the WD Medway II over
this period would also be £140,000. In addition, the
cost of using a submerged pipeline for beach nourish-
ment would be £3.50/metre/week. As 650 metres of
pipeline is required, an extra cost of £2,275 would be
required for the beach nourishment scheme.
Finally, if material is dredged from the Crown Estate’s
land and subsequently used for a beneficial use, the
Crown Estate would charge a royalty. The Crown
Estate said that they have not dealt with any cases
where material dredged from the Clyde has been used
beneficially, and that if they came across a situation
they would only discuss the cost with the authorities
involved (Cox, 1995).       

AYR AND TROON HARBOURS

The two ports of Ayr and Troon are situated on the east
coast of the Firth of Clyde in the Kyle and Carrick Dis-
trict of Strathclyde Region. Figure 8 shows that the
River Ayr flows westwards from the hills surrounding
Muirkirk, bisecting the village of Catrine, before finally
flowing through the town of Ayr. The port of Ayr, which
is located at the mouth of the River Ayr, has a signifi-
cant commercial cargo and fishing trade. In contrast,
the port of Troon is not located at a river mouth and has
little commercial traffic but is the site of a shipyard and
yacht marina (see Figure 9). 

Present Dredging Commitment
Associated British Ports (ABP) is the harbour authority
for the two ports of Ayr and Troon. In order to maintain
the depths of the approach channels and operational
berths which are required to allow the safe passage of
vessels using both ports, dredging has to be underta-
ken. In general, Ayr harbour requires maintenance
dredging about three times a year, whereas Troon
harbour is dredged once every three years. However,
the frequency of dredging depends upon the rate and
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Table III. A Comparison of Dredging Cycles

Disposal of  Dredged 
dredged material  material used
at sea for beach 

nourishment

Sailing &
Turning Time 2:00 hrs 1:35 hrs 
Dredging Time 1:30 hrs 1:30 hrs
Disposal Time 0:10 hrs 1:00 hrs
Dredging
Cycle Time 3:40 hrs 4:05 hrs 

Figure 8. Location of the ports of Ayr and Troon.

In order to estimate the economic feasibility of the
proposed beach nourishment scheme, it is worth
calculating the dredging cycle time (see Table III). 
The time taken for the WD Medway II to dredge the
coarse sediments remains 90 min. However, the
sailing time for a return trip to anchor just offshore
Helensburgh pier (26 km), sailing at a speed of 10.2
knots, would take approximately 1 hr 20 min. 
For each return sailing journey an additional 15 min
might be spent turning and attaching the pipeline to the
dredger’s pump ashore facility. The remainder of the
dredging cycle time is made up of the time taken to
dispose of the dredged material. Therefore the time
taken to pump the sediment from the dredger to
Helensburgh beach must be calculated. The WD Med-
way II has a pipeline with a diameter of 800 mm.
TSHDs have to discharge at a minimum pipeline velo-
city of 1.8 m/s to prevent blockage, but usually they
discharge between 3 and 5 m/s. 
The mixture density varies between 1.2 and 1.4 ton-
nes/m3, giving a discharge rate between 0.8 to 1.5
m3/s. If the dredger was to anchor 650 m offshore,
then pumping at a pipeline velocity of 4 m/s would take
approximately 3 min for sediment to travel the length
of the pipeline. Assuming a maximum of 10% solids in
the pumped mixture, then the time taken to pump a
hopper load of 3,500 m3, at a discharge rate of
1.0 m3/s, would be approximately 1 hr.
As one return trip to Helensburgh takes 4 hrs 5 min,
35 return trips would take approximately 143 hrs. 
This compares to a time of 135 hrs if the coarse sedi-
ments were disposed of at sea. Using the dredging
cycle times it is possible to compare the cost of car-
rying out a beach nourishment scheme with the pre-
sent disposal at sea method. As the total working time
for the disposal at sea method is 135 hrs, then if a
dredger worked a 20 hour day, the maintenance dredg-
ing could be completed in approximately one week.
The cost of employing a TSHD, like the WD Medway II,
to perform regular maintenance dredging is about
£20,000/day. Therefore, over a year it would cost
Clydeport Limited £140,000 to dredge the coarse
sediments from the Dumbarton/Port Glasgow and
dispose of the material at the present dumping ground.
In comparison, the total working time for a dredger
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time of siltation, and as this is primarily weather depen-
dent, dredging commitments are never constant.
TSHDs are employed to dredge the river channel at Ayr
and the approach channels to both Ayr and Troon,
while self-propelled grab hopper dredgers are used to
dredge within the basins and when dredging is re-
quired close to quay walls. ABP will either use its own
in-house dredgers or use a contractor’s vessel such as
Hebble Sand (Figure 10.) The details of the dredgers
which have been used to dredge Ayr and Troon har-
bours during the period 1985-1993 are summarised in
Table IV.

Sediment Quantity, Type and Distribution
At Ayr, siltation results mainly from sediment carried
into the harbour from upstream by the River Ayr, al-
though wave action also causes sediment to move into
the outer channel from the sea. Sediment which is
eroded from the land comprising the river’s 600 km2

catchment, enters the river and is transported down-
stream, especially during periods of flood. If no dredg-
ing was carried out at Ayr, some of the sediment may
reach the sea, however the majority of the sediment
would deposit in the harbour and channel entrance. 
As the harbour area is dredged, it acts as a sediment
basin for the coarser fractions of the river’s sediment
load, thus preventing the coarser sediment from being
transported out to sea. A siltation study of Ayr harbour
carried out by Strathclyde University showed that
approximately 90% of the material dredged originates
from the River Ayr. Analysis of dredged samples from
Ayr has shown that the level of contaminants are
insignificant in environmental terms.

OPTIONS FOR RELOCATION

The material dredged from Ayr and Troon harbours has
to be relocated and historically the material has been
disposed of by dumping in a designated offshore deep-
water disposal site. The present disposal area is licen-
sed by the SOAFD under the Food and Environmental
Protection Act 1985. The material is transported intern-
ally in hoppers within the dredgers, and upon reaching
the licensed disposal site the dredged material is usual-
ly discharged through bottom-opening doors. 
The present form of disposal involves dumping sedi-
ment in a deepwater site where it is likely to be remov-
ed from the coastal circulatory system. If Ayr harbour
and the associated dredging practices did not exist,
then the sediment which is transported downstream
by the River Ayr would naturally enter the coastal
circulatory system. However, the maintenance dredg-
ing commitment has prevented sediment originating
from the land from entering the coastal cell and there-
fore there has been a gradually increasing deficit in the
natural circulatory system. The effects of a decreasing
volume of sediment in the coastal circulatory system
has resulted in erosion along the Ayrshire coastline.  

Erosion Along the Ayrshire Coastline
The coastline between Ayr and Troon has suffered
from erosion problems, most of which have been
brought about by human actions. One reason why
erosion has been occurring here is because of the
construction of the harbour at Ayr, particularly the
building of the river mouth jetties between 1780 and
1830 (Carter et al., 1992). Originally sediment was
transported down the River Ayr and into the marine
environment. The coarser sediment was deposited at
the river entrance and transported northwards by littoral
transport. However, today the dredging of the naviga-
tion channel prevents the sediment from entering the
coastal cell. Instead the sediment is disposed of at sea,
in water over 30 m deep, where it is unlikely to re-enter
the coastal cell. Also the jetty built on the south side of
the river mouth is acting like a groyne, preventing
sediment moving north towards Troon.
Human interference here has resulted in beaches such
as Troon South Sands and Irvine Beach Park, Irvine Bay
suffering from severe erosion. Many of Ayrshire’s
beaches have shrunk quite markedly in width and the
foreshore slope has increased, indicating a gradual loss
of beach material. These erosion problems have been
tackled in a variety of ways, including the construction
of sea walls, groynes and gabions (Figures 11, 12 and
13). Although these coastal protection measures have

Figure 9. The yacht marina at Troon Harbour.
Figure 10. A grab hopper dredger carries out work close to a
quay wall in Ayr Harbour.
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Figure 11. A typical section of the coastal protection scheme
that was installed to protect Royal Troon golf club.

Figure 12. Healthy growth of sea lyme grass, is actively
colonising the dunes at Troon South Sands.
Figure 13. Gabions are struggling to accumulate sand and at
the top of the gabion basket turf is dying back.had some success they are by no means a long-term

solution, as they do not solve the source of the
problem which is loss of beach material.

BEST PRACTICABLE ENVIRONMENTAL OPTION

In 1990, the BPEO Assessment carried out for Ayr and
Troon Harbours identified that the long-established
disposal of dredged material in a designated offshore
deepwater disposal site was the BPEO. However, it is
now recognised that relocation of dredged material to
the present licenced site is removing sediment from
the coastal cell and therefore may be exacerbating the
problem of coastal erosion.
Two alternative solutions have been identified which
would allow the sediment dredged from Ayr and Troon
Harbours to remain within the natural circulatory sys-
tem: Firstly, by disposing of the dredged material in a
nearshore site; and secondly, to use the dredged
material beneficially in a beach nourishment scheme.
Both of these options will only be considered as the
BPEO if they are shown to be acceptable to SOAFD in
practical and environmental terms, as well as not
having any adverse environmental impacts. 

Nearshore Sea Disposal
Although the present licenced site for dredged material
disposal has not caused any significant adverse impact
on the marine environment at and around the disposal
site, it may be causing a reduction of sediment in the
coastal circulation system. Therefore, it has been
suggested that a new disposal location needs to be
identified which would enable the sediment to remain
within the nearshore sediment environment. A suitable
location would be to the north of Ayr, where the sedi-
ment characteristics are similar to those found in the
sediment dredged from Ayr Harbour and the channel
entrance. The nearshore disposal site would require
water deep enough to allow safe navigation by a
loaded dredger, but shallow enough for the sea bed to
be affected by wave action. Disposal in such a location
would also be an environmentally acceptable solution,
because if the harbour at Ayr did not exist, the sedi-

ment from the River Ayr would naturally be transported
northwards along the coast to a similar location.
Traditionally, shallow water disposal of dredged mate-
rial has raised objections from the fishing industry, as
well as concern that it would affect navigation. How-
ever, ABP is the only port authority within the area
concerned and the only authority with dredged areas or
harbours which could possibly be affected by any
movement of the relocated sediment.
With regard to objections from the fishing industry, the
site proposed is not one fished on a regular basis and is
not regarded as a fish breeding ground. Should there
be any justifiable objections suggesting that sediment
disposed of at the nearshore disposal site would affect
nearshore fish habitats more significantly than a severe
storm, then as fishing is a seasonal industry, disposal of
dredged material could be carried out in a controlled
manner outside the fishing season.  

Beach Nourishment
Despite beach nourishment being one of the most
popular coastal protection schemes in northwestern
Europe, it has yet to be examined as a possible solution
for the Ayrshire coastline. Material dredged from Ayr
and Troon harbours will only be used for beach nourish-
ment if it is proved to be a better practicable environ-
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been carried out, although the sediments will initially
appear discoloured, the beach will gradually return to its
original condition after several weeks. Once one beach
nourishment scheme has been seen to be successful,
the public will begin to view dredged material as a
valuable resource rather than a waste.

OTHER BENEFICIAL USE OPTIONS

Apart from direct or indirect beach nourishment, other
possible beneficial uses of the dredged material reco-
vered from Ayr and Troon harbours include land recla-
mation, replacement fill and manufacturing concrete. 
At present there are no land reclamation schemes
under construction within reasonable sailing distance of
Ayr and Troon, although the dredged material would be
suitable for filling by hydraulic pumping if such a sche-
me was to arise.
The demand for replacement fill depends upon the
level of local civil engineering activity. As the dredged
material from Ayr harbour is a medium-coarse sized
sand, it possesses the required physical properties
suitable for being used as replacement fill. Therefore, if

mental option than the present disposal at sea option.
In addition, as mentioned earlier, they will only be
considered as the BPEO if the scheme is economically
feasible. A useful estimate when examining the eco-
nomic feasibility of a scheme, is to compare the dredg-
ing cycle time of the proposed beneficial use with the
present dredging cycle time of the disposal at sea
option, as was carried out for the River Clyde.

Suitability of Sediments Dredged from Ayr for Beach
Nourishment
The effectiveness of a beach nourishment scheme
primarily depends upon two factors. Firstly, the sedi-
ment must have a suitable grain size distribution. And
secondly, the sediment must be available locally. 
As the majority of sediment dredged from Ayr harbour
is a medium-coarse sized sand, which would be highly
suitable for beach nourishment, it appears that such a
scheme could be successful.
Despite this, objections against carrying out beach
nourishment schemes usually come from conservation
groups and from the fishing industry, who believe that
dredged material is often contaminated. They also see
grab hopper dredgers, such as the Hebble Sand
(Figure 14), recovering black muddy material which not
surprisingly appears unsuitable for beach nourishment.
However, the dark unattractive colour of the dredged
material recovered from Ayr harbour is only due to the
high organic content. Advice from a Scottish Natural
Heritage coastal geomorphologist suggested that much
of the organic content in the sediment is lost shortly
after the dredging process. Dredged material that has
been stockpiled on the quayside for 18 months, now
not only looks like clean beach sand, but also is able to
support a substantial growth of vegetation.
From the above evidence it is clear that dredged mate-
rial from Ayr harbour which is uncontaminated, could
successfully be used to replenish some of Ayrshire’s
eroding beaches. However, the public have to be
educated that after a beach nourishment scheme has

Figure 14. Black muddy sediments being loaded into the
hopper using a grab are not contaminated but are high in
organic content.

Table IV. Information on the Vessels which have Dredged Ayr and Troon Harbours

Vessel Name WD Severn Hebble Sand Trinity Sand Welsh Dolphin

Owner of Dredger Contractor Contractor Contractor ABP
Type of Dredger Trailer Grab Grab Trailer
Length (m) 70 40 65 79
Beam (m) 13 10.7 13 14
Draft (loaded) (m) 4.65 4.0 5.0 5.0
Hopper capacity (m3) 1415 290 1000 2189
Suction Pipe 1 Nil Nil 1
Pipe Diameter (mm) 450 Nil Nil 450
Pump (kW) 270 Nil Nil 300
Dump Facility Split Hull Bottom Doors Bottom Doors Bottom Doors
Speed (knots) 10 10 9.5 11.6
Pump Ashore Yes No No Yes
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any local civil engineering projects contain fine grained
or soft sediment layers which are not suitable for
construction work, dredged materials recovered from
Ayr and Troon harbours can be used as a replacement
creating a more stable foundation layer. 
Dredged material can also be used to manufacture
concrete, asphalt and glass. The material has been
analysed and tested by local companies, but has been
found to be unsuitable. The organic material and all
traces of salt would require to be removed in order to
manufacture concrete. As there are alternative sources
of sand suitable for concrete and asphalt manufacture
which do not require treatment, using dredged material
for this purpose is uneconomic.

Conclusions

The majority of today’s maintenance dredged material
from the River Clyde is uncontaminated. Despite the
considerable change in quality of the sediments dredg-
ed from the River Clyde, between 1976-1991, a total of
4,030,743 m3 in situ was deposited at the licensed
disposal site by the Clyde Port Authority (Clydeport
Limited, 1992). Therefore, dredged material which
primarily consists of eroded topsoil is being transported
26 nautical miles to the present disposal site. Not only
are dredgers spending a high percentage of their time
sailing to and from the disposal site, resulting in high
operation costs, but they are also disposing of a valu-
able resource in a deepwater location where it will be
lost from the coastal circulation system. Instead of just
disposing of uncontaminated dredged material, there
has been a growing concern that dredged material
should be used beneficially. However, in order to per-
suade SOAFD that a beneficial project is the BPEO, the
beneficial use must be economically feasible. 
At present, sediments dredged from Ayr and Troon
harbours are disposed of at a licensed deepwater
disposal site. Although this form of disposal has had no
known adverse environmental impact, it is removing
sediment from the natural circulatory system and
therefore contributing to coastal erosion. If the dredged
material was instead either disposed of in a nearshore
location or used for a beach nourishment scheme then
the dredged sediments would remain within the natural
coastal circulatory system and therefore help combat
erosion. The scheme could be a long-term, practical
and economic solution, creating a beneficial use from
the sediments which are regularly dredged from Ayr
harbour. The sooner such projects are approved of and
supported by national and local authorities, the sooner
beach nourishment schemes can be put into practice
and help combat the erosion which is presently affec-
ting many stretches of the Ayrshire coastline.
The Government needs to provide economic incentives
to encourage port authorities to use dredged material
beneficially rather than to continue to dispose of sedi-
ments at sea.



the Rhine River. Between The Hague and Leiden, at
Voorburg, remnants of the so-called canal of Corbulo
were found. This canal formed the North-South link
between the two big rivers Meuse and Rhine and was
dug in AD 47 to ensure an easy and safe passage
inland. On the outside of Roman fortresses situated
along old river beds, pilings of piers and mooring places
for boats have been found (Figure 1).

Abstract

Though the Dutch are considered world leaders in the
dredging industry, many archeological excavations in
The Netherlands reveal that in the first four centuries of
our era, the Roman army were already busily at work in
The Netherlands. Archeological sites show examples of
the engineering skills of the Roman army. 
Recent discoveries in Velsen, North Holland during
construction of a new tunnel underneath the North Sea
Canal, the canal that connects Amsterdam Harbour
with the North Sea, indicate the extent to which
Roman technicians were active. Amongst their dredg-
ing and infrastructure activities were permanent dikes,
roads, long-distance canals and elaborate harbours.
All information on the construction of the camp and
harbour of Velsen and all drawings can be found in the
PhD thesis of Dr. J.-M.A.W. Morel “De Vroeg-Romein-
se versterking te Velsen 1, Fort en Haven”, Amster-
dam, The Netherlands, 1988. Photographs made by
Mark IJdo, Institute of Pre- and Protohistoric Archaeolo-
gy (IPP), University of Amsterdam, The Netherlands.
Drawings and photographs are used with permission.

Introduction

Dredging activities and the construction of harbours,
dikes and large waterworks are often seen as typically
Dutch enterprises. The export of these services to
other countries forms a significant contribution to the
Dutch economy. Activities such as reclaiming land and
building defense systems to protect land against the
forces of nature led to the expression that “God cre-
ated the world, the Dutch made Holland”. Archeologi-
cal finds make clear that dredging had started long
before a country named The Netherlands existed, and
that the first peoples to engage in such large-scale
operations were the Romans, not the Dutch.
The Roman army was, in the first four centuries of our
era, the “company” that built the first dikes and real
roads, dug the first long-distance canals, and construc-
ted regular harbours in Holland. Many archeological
sites show examples of the engineering skills of the
Roman army and its capacity to adapt to local condi-
tions in the use of materials at hand.
Excavations carried out between 1985-1989 at Valken-
burg, halfway between Katwijk and Leiden, revealed
amongst many other features two Roman roads, con-
structed on a dike-like body along the southern bank of
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Figure 1. The Netherlands with Roman excavation sites
indicated: 1) the harbour of Velsen; 2) Valkenburg by Leiden; 
3) Corbulo canal in Voorburg near The Hague.
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Many of these sites have been only partially excavated,
with one exception: Velsen. The Roman site of Velsen
is located at the South entrance of a new tunnel in
construction underneath the North Sea Canal, the canal
that connects the Amsterdam Harbour with the North .
Sea. Construction activities were preceded by Iarge-
scale excavations that took place from 1974 till 1990.
During the excavations, remains of a Roman fortress, a
fleet station with boathouses and fortifications, harbour
basin, moles and jetties, were brought to Iight, making
possible the investigation of the total compound of the
enclosed camp as well as of the harbour.

450 YEARS OF ROMAN PRESENCE IN

THE LOWLANDS

When, in the first century BC, the Roman legions set
foot in the regions of what is nowadays known as The .
Netherlands, Rome had already existed for some 700
years. Between BC 58-50 Gaius Julius Caesar had
conquered Gallia, now known as France, and the south-
ern part of Belgium. This was the first time the highly
developed Roman civilization left the Mediterranean to
penetrate into the regions of the North European river
estuaries of the Escaut (Schelde), Meuse and Rhine
and the Atlantic coast. But Caesar did not succeed in
establishing lasting Roman control in the parts north of
Gallia. It took another 40 years before, under Emperor
Augustus, military operations in the Rhine area were
started again, in an attempt to secure the northern
borders of the empire against the invasions of Ger-
manic tribes. The river estuaries and waterways in
central Holland were instrumental to these plans.
Several fortresses were built along rivers, equipped
with quays and harbours, where the troops could
embark on their expeditions to the far North. 

Rivers were canalised by Roman commanders to
improve the waterways and ensure a good passage.

However, it again proved impossible to bring the
regions North of the Rhine under total control, and in
AD 47 Emperor Claudius decided to establish the Rhine
River as the northern and northeastern border of the
Roman Empire. Within a few years, a series of fortres-
ses with a defensive function were built on the south-
ern bank of the Rhine, from the North Sea coast all the
way down to central Germany. This defense line ran
right across the heart of the modern-day Netherlands:
Katwijk on the coast, Leiden, Utrecht, Nijmegen. 
One century of relative peace and prosperity followed
in the Roman-ruled territories south of the border. 
Long distance roads were constructed, small market
towns developed, such as Forum Hadriani (Voorburg), 
a site close to The Hague, and Noviomagus, located in
the modern town of Nijmegen. Around the military
fortresses civilian settlements developed with an
indigenous population and small industries. At the end
of the second century, the pressure on the northern
and eastern borders increased again under the west-
ward migration of Germanic tribes. Incessant invasions
destabilised the border provinces even more in the
following centuries. The Roman rule in the northern
provinces of the Roman Empire was effectively
brought to an end in the first decade of the 5th century
when hordes of Germanic tribes crossed the old
Roman borders.
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Figure 2. Camp and harbour at Velsen in an early phase:
triangular camp terrain; at the riverside the harbour with the
wooden platform (yellow) with west and north piers and on
the east side a separate third pier. The harbour silted up and
there is clear evidence of dredging activities.

Dredging and Archeology

Quite often during dredging activities in lakes and
rivers, the remains of ancient forests and woods are
excavated. Although these materials are simpIy
another part of the dredgers’ work, these trees can
sometimes be 8,000 years old and are of extreme
archeological and scientific value. 
Dendrochronology, the study of the growth rings of
trees, is an interdisciplinary science and its applica-
tions range from art, archelogy and history to clima-
tology. ecology, forestry, geology and physics.

In The Netherlands this research is done by the
Dutch Center for Dendrochronology RING. Dredging
companies which encounter such important
“archeological finds” are urgently requested to
report this to RING, c/o Rijksdienst voor het Oud-
heidkundig Bodemonderzoek, Kerkstraat 1, 3811 CV
Amersfoort, The Netherlands, tel. +31 033 634 233.
This Dutch organisation works in close contact with
similar organisations in other countries and will be
happy to refer any information to these groups.



they were within the defense line of the camp. To the
east a third mole was constructed, that could only be
reached from inside the camp through a gateway in the
rampart (Figure 2). The dam walls of the west pier
were 55.75 m long and made of thin wooden posts,
set closely together. The dam body was divided into
compartments, formed by cross rows of posts. The
compartments were filled with alternating layers of
willow withies and layers of clay packed in reed mats.
To compensate for the slope of the river bottom, extra
layers were added at the end of the pier. The dam was
6 to 9 m wide at the foot.
Full grown willow leaves still present on the withies,
show that the dam filling must have been put in during
summer. The north and east pier were probably con-
structed in a similar way.

The system of caisson construction or compartments,
filled in with clay and reed. was not new. The Roman
architect Vitruvius describes how stone harbour moles
should be constructed (Lib. V, cap. X11.5). First two
double dam walls of the length of the future mole had
to be built, with posts closely set and held together by
ropes. The space in between each double wall had to
be filled in with clay packed in reed baskets. After that,
the drained bottom within both dam walls could be
leveled and finally the stones could be deposited on the
dry and leveled bottom. In Velsen there was no natural
stone to be found in the far surroundings and to fill in
the dam body the Roman Imperial Engineers adapted
the system to the specific local circumstances by using
wicker work and clay in reed mats.

Dredging 
However, the predominantly western winds and sub-
sequent, constant scouring by the waves caused
erosion of the river bank west of the west pier and
damaged the pilings of the pier itself. Sand was de-

ROMAN FORT AND HARBOUR AT VELSEN

The fortress and harbour of Velsen were in use from
AD 15 until about AD 30. This is the period in which
Rome was still trying to gain control over the whole of
Germania and set up fortified fleet stations for military
expeditions into Germanic territories. Velsen was the
most northernly situated Roman base on the continent.
The Roman occupation of Velsen did not last long.
Tacitus writes in his “Annals” about the violent attack
on a fortress called “castellum Flevum” by rebelling
Frisians in AD 28 (Annals 4,72-74). The fortress of
Velsen was situated in Frisian territory and traces of
violence and combat actions have been found during
excavation. There is some evidence that this happened
around AD 30. It is highly probable that the fortress of
Velsen is the “castellum Flevum” of Tacitus.

The fortress and harbour of Velsen were positioned on
the south bank of a wide river, on a strategic point
between the dunes in the west and the peat bogs in
the east, a landscape intersected by sluggish, mean-
dering streams and gullies. The sea was only about
7 kilometers away. The low sandy dunes to the west
were almost treeless, with some Juniper and Buck-
thorn shrubs and dune grasses. The open, wet and
vvindy landscape must have been rather desolate in
the eyes of a Mediterranean born soldier. 

The purpose of the Velsen base was to bring the sur-
rounding local tribes and the passage to the north
under Roman control and serve as point of departure
for the troops sent North. The waterways made possi-
ble easy and fast transport of troops and goods in
countryside where decent roads were nonexistent.
After arriving in enemy territory, the first concern of the
Roman commander was to build a temporary defensi-
ble camp on the river bank. Once safe, they started to
build a more permanent fortress and the harbour. The
fortified terrain of the camp had a triangular form with
its longest side (182 m) along the river. On the land
side and along the eastern half of the river the terrain
was surrounded by an earthtimber wall, supplemented
on the land side by a moat. On the western part of the
riverside the waterfront was open and boats could be
pulled directly up on to the river bank. A boathouse was
built to house a light galley, that could swiftly be put in
the water in case of an attack over the river. No traces
of barracks were found on the camp terrain. The troops
lived in leather tents. Parts of the tents and hundreds of
wooden tent pegs have been found.

CONSTRUCTION OF THE HARBOUR

On the river side a wooden platform on posts was
constructed projecting into the river. Two solid moles
extended from the platform, the west and north pier.
These were meant for use by the Romans, situated as
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Figure 3. Camp terrain is strengthened, with moats and a
heavier wall; the platform in the harbour has been enlarged;
and piers are replaced by open and longer jetties. After these
alterations, silting up ceased to be a problem.



posited in the harbour basin. Within the piers the cur-
rent was almost non-existent and the basin silted up.

At first the Romans attempted to deepen the harbour
bottom by dredging. The dredging was done by clear-
ing away the soil of the shallow bottom of the basin
and pulling it towards the deeper parts. This gave the
harbour bottom a very uneven surface, with deep cuts
into the pre-Roman deposits. The process of “dredg-
ing” produced, in the deeper parts, a homogenised
layer of silt clay mixed with rubbish one always find on
the harbour floor, such as discarded objects, industrial
refuse and twigs and branches from the surrounding
vegetation. From the stratigraphy it is clear that these
dredging activities were repeated several times.

To allow for more current in the harbour basin and
prevent the harbour from silting up again, the curved
head of the north pier was replaced by an open jetty.
They replaced the revetments of the damaged west
pier and reinforced the head of the pier with heavy oak
posts.

RECONSTRUCTION OF THE HARBOUR

The alterations did not have much effect. The deposi-
tion of silt in the basin went on because the solid dams
stagnated the water displacement. The only solution
seemed a drastic change of the harbour. An open jetty
was added to the west pier projecting from it parallel to
the river bank and enclosing the harbour basin. The
entire north pier was replaced by a long open jetty and
the east pier was lengthenend by adding an open jetty.
From now on, dredging was no longer necessary, as
no other traces were found (Figure 3).

At the head of the north jetty, traces of pile driving have
been found in the river bottom in the form of impres-

sions of two small square posts at either side of each
pile. Because of the orientation of the piles and the
impressions, it seems that, at least in these cases, the
pile driving operations took place from a barge or pon-
toon and not from the finished trave of the jetty.

Cranes and Pile Drivers 
The use of cranes and pile drivers was certainly known.
Caesar mentions both mechanical structures in his
description of building a bridge across the Rhine in BC
55 (De bello Gallico IV, 17). For pile driving an apparatus
must have been used consisting of guides, hoist and
pile hammer. A crane was needed to place the pile in
position. For pile driving in water, the crane was placed
on a raft or barge. In order to lift the pile on to the
guide-way and control it as it glided down, there would
be a hoist uppermost on the guide. Once the pile had
been firmly positioned on the bottom in between the
guides, it had come so far down the guide-way that
there was a good drop between hoist and top of the
pile. The pile was then loosened from the hoist and 
the pile-hammer attached to it.

The last alterations of the harbour and the strengthen-
ing of the camp fortifications must have taken place
somewhere between AD 22 and 30. The ending of the
Roman occupation of this camp was violent. The terrain
west of the camp and harbour bottom were covered
with lead sling shots. Bodies had been thrown into
waterwells. In the harbour, many artefacts including
parts of human skeletons have been found (Figure 4). 

Although the Romans were still active in the area after
these events, the camp no longer had an important
function. Some years later Emperor Claudius aban-
doned the policy of conquest of northern Germania, to
direct his attention to the invasion of Britannia. 
All expansion activity north of the Rhine stopped and
this was the end of Velsen.

Conclusions

In the early part of the first century AD the Romans
were at work trying to establish Velsen as a harbour.
The use of waterways, the importance of the River
Rhine and the defense function for the transport of
troops and goods were recognised by the Roman
military attempting to spread and maintain its influence.
Dredging was used to keep the harbour at Velsen open
but this was not sufficient. The harbour continued to
silt up because the solid dams stagnated the water
displacement. The solution was eventually found by
drasticly changing the harbour by the construction of
several open jetties.
Around AD 30 the strategic need for the harbour ended
and the harbour was abandoned. The Romans how-
ever had left behind the first memories of dredging and
port development in The Netherlands.
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Figure 4. Artefacts found during excavations at Velsen: from
left to right, reconstruction of a scabbard inlaid with silver and
enamel; bronze statue of Hercules drinking (Hercules bibex),
and a sculponea, a wooden slipper for in the bath-house.
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sers of such projects. The manner of presentation is
straightforward and comprehensible, making it suitable
for a wider, non-scientific audience. For instance, it
would be useful for secondary school pupils to further
an appreciation of dredging and disposals issues, and to
make clear that dredging is not a spoiler of environment
but often an enhancer. As stated in the “Conclusion”: 
“...the information presented in this report indicates
that when appropriate mitigative measures and work
methods are used, sensitive elements in the receiving
environment can be protected during dredging....
Environmental monitoring data show that dredging
generally has only very localised, minor impacts...
In fact, storms, floods and high tides generate major
increases in turbidity that can extend over much larger
areas and last much longer than the turbidity generated
by dredging activities”.

This publication can be ordered from:
Protection de l’environnement
Section du développement technologique
685, rue Cathcart, 8e étage, Montréal (Québec)
HCB 1M6, Canada.

Ports ’95, Proceedings of the Conference.
Committee on Ports and Harbours of the Waterway,
Port Coastal and Ocean Engineering Division of the
American Society of Civil Engineers (ASCE) and US
Section of the Permanent International Association of
Navigation Congresses (PIANC). 1995. 1510 pp in 
2 volumes. US$133.

Michael A. Knott, Editor

The central theme of Ports ’95 was “Port Engineering
and Development for the 21st Century”. The confer-
ence which was the seventh pertaining to ports and
harbours issues was co-sponsored by the Committee
on Ports and Harbours of the Waterway, Port Coastal
and Ocean Engineering Division of the ASCE and the
US section of the PIANC.

Environmental Impacts of Dredging and Sediment
Disposal.
Technology Development Section, Environmental
Protection Branch, Environment Canada. 97 pp. 
No charge.

Les Consultants Jacques Bérubé Inc.

This is another in a series of excellent publications on
environmental aspects of dredging produced by Envi-
ronment Canada. It reviews possible impacts of dredg-
ing and sediment disposal and does so based upon
well-documented data and research. In fact, one of the
most valuable features of each report in the series has
been the list of references. This report contains over 90
references cited with a remarkably broad international
flavour.
The stated goal of the publication, which it meets
admirably, is to provide references and information
which can lead to a better understanding of the circum-
stances and scope of the environmental impacts of
such activities as well as possible mitigative measures.
The organisation of the report is logical and sensible. 
It begins with a brief review of the dredging and sedi-
ment management in the St. Lawrence River and the
Great Lakes, including types of dredging projects;
suspended solids in the lakes and the river; and envi-
ronmental impacts of dredging and sediment disposal.
Then the impacts of dredging and in-water disposal are
discussed, such as physical work site modifications;
sediment suspension and its impacts; and disturbances
resulting from equipment presence and operation. The
impacts of the main methods of managing sediment to
minimise effects of sediment disposal are presented:
methods such as aquatic containment (capping), near-
shore and upland containment. Finally the report closes
with a presentation of the findings of a number of
environmental monitoring studies of dredging projects. 
Whilst the report targets the public and environmentally
aware groups it also aims at private and public mana-
gers responsible for planning, assessing, conducting or
monitoring dredging or remediation projects and organi-
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Maritime Vietnam ’96
International Exhibition & Convention Centre

Ho Chi Minh City, Vietnam
April 17-19 1996

Reflecting the emergence of Vietnam as an important
market, Maritime Vietnam 96 is organised in coopera-
tion with the Chamber of Commerce and Industry of
Vietnam (VCCI) and Vietnam National Maritime Bureau.
With a more than 2,800 nautical-mile long coastline,
Vietnam is clearly a maritime country, and inland water
tranportation is crucial for trade. Investments are being
made in the development of port facilities, deep
seaports, export processing zones (EPZ), ship repair,
dredging, ship and marine equipment and so on. The
second Vietnam Maritime & Inland Shipping Exhibition
incorporates Vietnam Port ’96.

For further information contact:
RAI Exhibitions Singapore Pte Ltd
1 Maritime Square, #09-49
World Trade Centre, Singapore 0409
tel. +65 272 2250, fax +65 272 6744

Amsterdam RAI, P.O. Box 77777
1070 MS Amsterdam, The Netherlands
tel. +31 (20) 549 1212, fax +31 (20) 646 4469

Call for Papers
PIANC Conference on Inland and Maritime
Navigation and Coastal Problems of East European 
Countries

Gdansk, Poland
September 1-5 1996

The Marine Civil Engineering Department of the Tech-
nical University of Gdansk is the site of the PIANC
(Permanent International Association of Navigation
Congresses) conference on inland and maritime naviga-
tion and coastal problems in Eastern Europe.
The conference will be held during the same week as
Baltexpo, also in Gdansk.

International Post-Graduate Course on Hydrology
Budapest, Hungary

February 1-July 31 1996

Water is at the heart of any plans for development, and
its abundance or scarcity and its quality affect all
aspects of a society. VITUKI Water Resources
Research Plc. of Budapest, the Hungarian water
management’s institution for hydrological research, has
worked for many years with UNESCO’s International
Hydrological Programme to promote hydrological
training. The objective of the course is to acquaint
participants on a post-graduate level with advanced
theoretical and practical hydrological methods used in
developing water resources management. 
Parties interested in enrolling in this half-year course
should request an application form from:

VITUKI TRAINING
H-1453 Budapest, Pf. 27 Hungary
tel. +36 1 215 3043 or +36 1 215 8160 (ext. 2489)
fax  +36 1 215 3043 or +36 1 216 1514
telex: (61) 224959 vituk h

CATS III Congress
Ostend, Belgium

March 18-20, 1996

The theme of the third international CATS Congress,
organised by the Technological Institute of the Royal
Flemish Society of Engineers, is “Characterisation and
Treatment of Clean-up Sludge from Dredging, Sewage
Sludge and Comparable Industrial Process Sludge”.
Each CATS Congress is structured around the same
major topics: Characterisation of sludges; treatment
techniques; environmental impact of processing and
storage; case studies -- practical, economical and envi-
ronmental aspects; and legal regulations. 

For further information contact:
CATS III Congress c/o Ingenieurshuis vzw
Att: Ms Rita Peys, Desguinlei 214
B-2018, Antwerpen 1, Belgium
tel. +32 (3) 216 0996, fax +32 (3) 216 0689

Seminars/Conferences/Events

Seminars/
Conferences/
Events
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Further information is available from:
Prof. B.K. Mazurkiewicz
Technical University of Gdansk
ul. G. Narutowicza 11/12
80 - 952 Gdansk, Poland
tel. +48 58 472611, fax +48 58 471436
telex 0512302 plg pl

Hydro 96
De Doelen Congress Centre
Rotterdam, The Netherlands

September 24-26, 1996

The tenth international biennial symposium of The
Hydrographic Society is being organised by its Benelux
Branch. Topics will address key hydrographic issues
affecting port and other applications, including: port and

coastal surveys; port and coast geodesy and navigation;
dredging surveys; mapping and water management. 

The proceedings will be supported by an exhibition of
equipment and services at which the Port of Rotterdam
will be a major participant. Deadline for submission of
abstracts is 1 January 1996. Notification of acceptance
for presentation will be 1 March 1996. Submission of
full papers for proceedings must take place by 1 July
1996. Prospective participants should contact:

Mrs P.Y. van den Berg
Hydro 96 Organising Committee
Oceanographic Company of The Netherlands
P.O. Box 7429
2701 AK Zoetermeer, The Netherlands
tel. +31 7942 8316, fax  +31 7941 5084

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

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

Day 3: How Dredging?
Dredging Projects 

Day 4: Preparation of Dredging
Contract

Day 5: Cost/Pricing and Contracts

Representatives of port authorities, companies, and
individuals interested in attending are requested to
complete the preliminary registration form below as
soon as possible and return to:

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

Place: Singapore
Date: January 15-19, 1996
Venue: Concorde Hotel

In cooperation with the National University of Singapore
(NUS) and the Applied Research Corporation (ARC),
International Association of Dredging Companies is
pleased to organise, for the second consecutive year,
an intensive, one-week seminar on dredging and recla-
mation. Last January’s course met with such enthu-
siastic response, that IADC, building on this success,
has decided to present this seminar again in 1996. The
course will be held at the Concorde Hotel, Singapore. 
The costs are US$ 2650, which includes six nights
accommodation at the Concorde Hotel, breakfast and
lunch daily, one special participants dinner, and a gener-
al insurance for the week. 
The seminar includes workshops and a site visit to a
dredging project. Highlights of the programme are:

International Seminar on
Dredging and Reclamation

(please print)

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

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

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

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

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

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

Signature ..........................................................................................................................................................................

Do not send payment with this form. Upon receipt of this form, we will send you further detailed information
about the seminar, final registration forms and an invoice for the correct amount.
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Ballast Nassbaggergesellschaft, Hamburg, Germany
Ballast Nedam Dredging, Zeist, Netherlands
Ballast Nedam Dragage, Paris, France
Boskalis Dolman B.V., Dordrecht, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Oosterwijk B.V., Rotterdam, Netherlands
Boskalis Westminster Aannemers N.V., Antwerp, Belgium
Boskalis Westminster Dredging B.V., Papendrecht, Netherlands
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
Boskalis Zinkcon B.V., Papendrecht, Netherlands
Brewaba Wasserbaugesellschaft Bremen mbH, Bremen, Germany
CEI, 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
Dragomar International AG., Vaduz, Liechtenstein
Dragomar SpA., Rome Italy
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 Danmark Aps, Korsør, Denmark
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, Hardinxveld, Netherlands
Holland Dredging Iberica S.L., Tarragona, Spain
Holland Dredging Co. (Irl.) Ltd., Cork, Ireland
Holland Dredging Co. (U.K.) Ltd., Farnham, United Kingdom
Impresa SIDER SpA., Rome, Italy
Jan De Nul N.V., Aalst, Belgium
Jan De Nul Dredging N.V., Aalst, Belgium
Jan De Nul (U.K.) Ltd., Ascot, United Kingdom
Nordsee Nassbagger- und Tiefbau GmbH, Wilhelmshaven,Germany
N.V. Baggerwerken Decloedt & Zoon, Brussels, Belgium
Philipp Holzmann Aktiengesellschaft, Hamburg, Germany
S.A. Overseas Decloedt & Fils, Brussels, Belgium
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 Holland (France) S.A., Bondues, France
Société de Dragage International “S.D.I.” S.A., Marly le Roi, France
Sodranord Sarl, Paris, France
Tideway B.V., Breda, Netherlands
Van Oord ACZ B.V., Gorinchem, Netherlands
Van Oord ACZ Ltd., Newbury, United Kingdom
Van Oord ACZ B.V., Zwijndrecht, Belgium
Volker Stevin Baggermaatschappij Nederland B.V.,Rotterdam,
Netherlands
Volker Stevin Dredging B.V., Rotterdam, Netherlands
Wasserbau ACZ GmbH, Bremen, Germany
Westminster Dredging Co. Ltd., Fareham, United Kingdom
Zanen Verstoep B.V., Papendrecht, Netherlands
Zinkcon Contractors Ltd., Fareham, United Kingdom
Zinkcon Dekker B.V., Rotterdam, Netherlands
Zinkcon Dekker Wasserbau GmbH, Bremen, Germany

Membership List IADC 1995
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.



INTERNATIONAL ASSOCIATION OF DREDGING COMPANIES
Duinweg 21 - 2585 JV  The Hague - The Netherlands




