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EDITORIAL

Dredging is one of the major industries whereby people attempt to shape,
change and control their living circumstances. That such activities have a signifi-
cant effect on the environment has become more and more clear. Witness the
increase in conferences on the subject of disposal of contaminated dredged mate-
rial and the beneficial uses of such material – for instance the CATS which took
place in June in Antwerp and the upcoming International Conference on
Contaminated Sediment planned for September 1997. Every aspect of the
dredging process is being scrutinised. 

In this issue we present two articles that are related to the study of the environ-
mental impacts of dredging: one concerns itself with research involving the effects
of turbidity caused by dredging and underscores the need for on-site assessments;
and one points out the need to assess the sites of offshore sand and gravel resour-
ces so as to avoid unnecessary environmental disturbances.

These articles are totally on line with the IADC's policy to encourage sound
environmental practices, to spend special attention to environmental issues, to
support research into environmentally sound technologies, and to cooperate with
other worldwide dredging and maritime organisations doing this. 

In connection with this last-mentioned, IADC has helped to create a new series
of guides entitled “Environmental Aspects of Dredging”. These books are a joint
effort of the Central Dredging Association (CEDA) and the IADC, and are
authored by independent third parties. The first volume in the series, Players,
Processes, and Perspectives, is now available. The second two-part volume will be
following later this autumn, and the third this winter. And more will follow in
1997. If you haven't yet gotten a copy of this first guide, the time to do so is now.

Marsha R. Cohen
Editor
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Abstract

During the actual dredging process, the instrumen-
tation on board a trailing suction hopper dredger accu-
rately determines when to stop the hopper loading
process and when to begin the transport and dumping
phase in order to achieve optimal production.
However during the study and bidding phases of a
project, a method is needed for the theoretical calcu-
lations of these processes. This article establishes a
procedure for calculating the theoretical trailing suction
hopper dredgers production based on the application of
classical sedimentation theories and on tests and actual
results used in the design of sedimentation tanks of
water treatment plants.

Introduction

The production control instruments installed on board
when dredging with trailing suction hopper dredgers
accurately determine exactly when to stop the hopper
loading process and when to begin the transport and
dumping phase, so that optimum production is main-
tained for the equipment throughout the entire process
(loading-transport-dumping).
However, in the study and bidding phases of a project,
dredging companies need a method for making a
theoretical calculation of the dredging process and
especially for the hopper dredger loading.
The hopper loading process is very similar to the pro-
cess that takes place in the sedimentation tanks of a
water treatment plant.
The object of this article is to establish a procedure for
calculating the theoretical trailing suction hopper dredg-
ers production based on classical sedimentation theo-
ries and on the tests and actual results in sedimen-
tation tanks.

TYPES OF SEDIMENTATION

Sedimentation is defined as the settlement, by gravity,
of particles suspended in a fluid with a lower specific
weight. Particles contained in a suspension settle in
different ways depending on their characteristics and

on the suspension’s concentration. Based on the
concentration and particles’ tendency to interact, there
are mainly four types of sedimentation:

a) Discrete
This concerns the sedimentation of particles in a
suspension with a low concentration of solids.
Although the movement of each particle is affected
by the other particles around it, there is no grou-
ping and each particle settles individually.

b) Flocculant
This type of sedimentation occurs in rather dilute
suspensions where the particles group together or
flocculate, increasing their mass and settling at a
faster rate.

Carlos Paris

Indalecio Martinez



c) Zone 
This refers to suspensions with an intermediate
concentration in which the interparticle forces are
sufficient to hamper the settling of neighbouring
particles so that they tend to stay in relatively fixed
positions and the mass settles as a unit.

d) Compression  
In this type of sedimentation the particles are
concentrated, forming a structure. Settlement is
caused by the pressure of the upper layers on the
lower layers as new particles constantly join the
structure.

More than one form of sedimentation usually occurs in
the sedimentation process depending on the nature of
the suspended material. It is even possible for all four
types of sedimentation to take place simultaneously.
Although the analysis of each type of sedimentation is
fundamental when designing the equipment for a
water treatment plant, only discrete sedimentation has
to be considered for the process of loading suspended
granular material dredged by a trailing suction hopper
dredger.

ANALYSIS OF DISCRETE PARTICLES

SEDIMENTATION

Discrete particles sedimentation can be analysed using
the classical Laws of Newton and Stokes. Newton’s
Law gives the final velocity of a particle by equating its
effective weight with frictional resistance or drag.

In the case of spherical particles, the sedimentation
velocity is defined by the following equation:

(1)

where:
Vc = Sedimentation velocity of the particle
d  = Diameter of the particle
CD = Drag coefficient
�

s = Density of the particle
�

w = Density of the fluid

The drag coefficient CD takes on different values
depending on whether the current around the particle
is laminar or turbulent. In function of the Reynolds
number (Re = vd/µ), for spherical particles, the drag
coefficient can be approximated by the following
equation (upper limit Re = 104).

(2)

For Reynolds numbers less than 0.3, the first term of
the above equation prevails and if the drag coefficient
in equation (1) is substituted by the value CD = 24/Re,
Stokes Law is obtained.

(3)

where µ is the fluid’s dynamic viscosity.

Stokes Law is valid for Reynolds numbers less than 0.3
that correspond to particles with a diameter of less
than 80 microns.
Based on tests run by Richards, Burdryck defined the
following expression for sedimentation velocity that is
valid for all types of particles:

(4)

B. Fitch, determined the sedimentation velocity for
spherical particles suspended in a dilution as follows:

(5)

where:

(6)

The value of Y can be obtained from Figure 2 in func-
tion of the reduced Reynolds number X.

(7)
B

X =
�w

µ
d

� �w
�w �w

sg ( )B =[ ]µ
1/3

Vc = BY

Vc = (� �ws )d38,925
d [ ]1 + 95 1

Vc =
g

18µ
(� �ws )d2

� �
orgineel laten!
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Figure 1. The hopper loading process seen here is similar to
the process that takes place in sedimentation tanks of a water
treatment plant.



the effects of particles influencing each another, non-
spherical grains, turbulence in the tank and uneven
accumulation of settled material. The following are the
correction factors for sedimentation velocity Vc that
take into account the effects described in the previous
paragraph:

The different values for the sedimentation velocity of
spherical particles resulting from the above equations
are shown in Figure 3.

Since we know the size distribution of the particles
suspended in the fluid and, as a result, its sedimenta-
tion velocities, we need to determine now the quantity
of material that settles when a sedimentation tank (or
dredger’s hopper) with a surface area A receives a flow
Q of suspended material.

Hazen and Camp have developed equations for elimi-
nating discrete particles in an ideal sedimentation tank
assuming the following:

a) That the particles and the velocity vectors are
uniformly distributed across the tank.

b) That the fluid moves slowly as an ideal mass.

c) That any particle that reaches the bottom is totally
settled.

Under these conditions, ascensional velocity or surface
load is defined by the following expression:

(8)

and it is recognised that the particles whose sedimen-
tation velocity Vc is greater than their ascensional
velocity Vs will all settle while particles whose velocity 

Vc is less than Vs will settle in the proportion of  

In this way, if Xs is the fraction of particles with a sedi-
mentation velocity equal to or less than Vs, then the
total fraction of particles that will settle is given by the
equation:

(9)

In a typical suspension with granular material, there is a
wide range of particle sizes. To determine the efficiency
of removal (sedimentation), it is necessary to consider
the full range of sedimentation velocities in the system.
This can be done by analysing the grain size and pre-
paring a frequency distribution curve of the sedimenta-
tion velocity.
The last term of the above expression can be evaluated
by graphical integration of the mentioned frequency
distribution curve (see Figure 4).

CORRECTION FACTORS

Until now, we have developed the theories on discrete
particle sedimentation in an ideal sedimentation tank.
In practice, design factors must be included to foresee

Vs

Vc dxR
0
= (1 Xs

Xs
) +�

b

Vs

Vc

Vs =
Q
A
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Figure 2. Dimensionless plot for calculating settling rates

Figure 3. Settling rates of spheres in water at 20°C.

Figure 4. Definition sketch for the analysis of discrete particle
settling.



H. Hindrance factor
Correction factor that reduces the sedimentation velo-
city to take into account the influence that the suspen-
ded particles have on one another.

S. Shape factor
Correction factor for non-spherical particles.

J. Areal efficiency
Correction factor for turbulence in the tank.

The application of these correction factors to the theo-
retical sedimentation velocity Vc gives the calculation
sedimentation velocity V’c for the different suspended
particles: V’c = H . S . J . Vc

Hindrance Factor H
In a concentrated suspension, the movement of a
particle is affected by the particles around it, usually
lowering the sedimentation velocity, where:

C = Concentration of solids in the in-flow (%).
Vf = Volume of water per volume of solids 

(volume dilution).

(10)

Vs = Q/A = ascensional velocity for a given flow Q.
ds = diameter of a particle with a sedimentation 

velocity equal to Vs.
M  = fraction of solids finer than ds.

The expression used to determine the hindrance factor
is:

(11)

where

(12)

and � can be obtained from Figure 5 in function of the
Reynolds number.

Shape Factor S
Sand grains are generally triaxial ellipsoids with a maxi-
mum diameter of da, an intermediate diameter of db
and a short diameter of dc. The diameter of the sphere
that has the same volume and weight as the grain is
called the nominal diameter dn.

For ellipsoid particles,

(13)

Using three axial diameters, the shape of the grains can
be expressed in terms of the Corey Shape Factor.

(14)

When faced with the difficulty of measuring the diame-
ters of the particles, the Krumbein and Sloss chart
gives the following Shape Factors for each type of
sand:

Angular - subangular 0.70
Subrounded - rounded 0.80
Well rounded 0.90
Spheres 1.00

Areal Efficiency J
As the level of solids that have settled in the tank
increases, turbulence also increases.  This affects the
sedimentation velocity of the particles and a correction
factor must be included for it. The areal or detention
efficiency factors vary depending on the design and
dimensions of the sedimentation tank.

Based on the experience obtained in mechanical classi-
fiers, the following values have been established for
the different types of sedimentation tanks:

da db

dcS =

dn da db dc= ( )
1/3

=a 1
1 + M / Vf

=H a�

V f =
(100 – C)

C
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Figure 6. Areal efficiency factor vs. hopper load

Figure 5. Hindrance Factor. Plot of exponent � vs. Reynolds
number.



APPLICATION OF THE THEORETICAL

CALCULATIONS TO THE LOADING PROCESS

OF A TSHD

After developing the theoretical sedimentation process,
it is convenient to apply the theories presented to a
practical case of dredging, for a trailing suction hopper
dredger Eurotrailer type with a 2,500 m3 hopper capacity.

Characteristics of the dredged material
The level of losses produced during the loading process
basically depends on the grain size distribution of the
dredged material. Figure 7 shows the grain size distri-
bution of two types of dredged sand and Table I shows
the frequency distribution curves based on the different
sizes of particles.

Loading curves
Tables IIa and IIb summarise the amount of material
lost by overflow for different loading levels of the
dredger’s hopper. Figures 8 and 9 show the dredger
loading curves assuming constant flows and density of
the dredged mixture to simplify calculations.

Rake classifiers 0.2 - 0.6
Bowl classifiers 0.4 - 0.6
Hydroseparators 0.3 - 0.7

In the case of the trailing hopper suction dredgers, it is
more difficult to determine this factor because other
conditions intervene such as the device used to dump
the material, the overflow devices, the hopper’s shape,
and so on.

Nevertheless, since for a given material and a constant
flow, the S and H factors are also constant, then the J
factor can be expected to develop in a way similar to
the overflow loss gradient in the real loading process of
a trailing suction hopper dredger.

For a dredger and a determined kind of sand material, it
would be possible to start with the experimental load-
ing curve, theoretically obtain the values of S and H and
deduce from them the value of J.
For this article, we have started with the variation range
of 0.2 - 0.7 for this factor and distributed it according to
the typical variations of the loading curves for trailing
suction hopper dredgers (Figure 6).
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Sand Type A. Sand Type B. 

d % d Range d % d Range 
(microns) Passing (microns) Gradation (microns) Passing (microns) Gradation

% %

400 100 1.200 100 
335 10 970 10 

270 90 740 90
235 10 625 10 

200 80 510 80
180 10 460 10 

160 70 410 70 
145 10 380 10

130 60 350 60 
120 10 330 10 

110 50 310 50 
100 10 285 10 

90 40 260 40 
80 10 235 10 

70 30 210 30 
62 10 185 10 

53 20 160 20 
44 10 128 10 

35 10 95 10 
28 10 68 10 

20 0 40 0 

D-50 = 110 microns D-50 = 310 microns 
D.M.F. = 124 microns D.M.F. = 338 microns

Table I. Grain size distribution



Conclusion

The above theorical calculations, even considering  a
constant in-flow and mixture density, are similar to the
practical results obtained on tests with very similar
sand in the Laboratory for Research and Development

Terra et Aqua – Number 64 – September 1996

8

Hindrance Factor 
Sand Type A: dc 84,0 

D-50 = 110 mic. M 37,0 
DMF = 124 mic. Flow 8.000 m3/hr C 13,79 

Hopper area 460 m2 Vf. 6,25 
Q/A 4,8309 mm/sec a 0,9441 

Flow density = 1,25 T/m3 Re. 0,3565 
Solids density 2,65 T/m3 � 5,30 Areal Efficiency Factor. 

Solids concentration 13,79 % Hindrance. Fact. 0,7373 Hopper load (%) 

Shape Factor. 0,8000 10 20 30 40 50 60 70 80 
0,70 0,60 0,57 0,56 0,54 0,44 0,32 0,20 

Grada- Vs. Hopper load (%). 

d tion Fitch. 10 20 30 40 50 60 70 80 

(microns) % mm/sec Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses
mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec %

28 10 0,4 0,2 9,7 0,1 9,7 0,1 9,7 0,1 9,7 0,1 9,7 0,1 9,8 0,1 9,8 0,0 9,9 
44 10 1,2 0,5 9,0 0,4 9,1 0,4 9,2 0,4 9,2 0,4 9,2 0,3 9,4 0,2 9,5 0,1 9,7 
62 10 3,6 1,5 6,9 1,3 7,4 1,2 7,5 1,2 7,5 1,1 7,6 0,9 8,1 0,7 8,6 0,4 9,1 
80 10 5,2 2,1 5,6 1,8 6,2 1,7 6,4 1,7 6,4 1,7 6,6 1,3 7,2 1,0 8,0 0,6 8,7 

100 10 8,0 3,3 3,2 2,8 4,1 2,7 4,4 2,6 4,5 2,5 4,7 2,1 5,7 1,5 6,9 0,9 8,0 
120 10 10,6 4,4 0,9 3,8 2,2 3,6 2,6 3,5 2,8 3,4 3,0 2,8 4,3 2,0 5,9 1,3 7,4 
145 10 13,7 5,7 0,0 4,8 0,0 4,6 0,5 4,5 0,6 4,4 1,0 3,6 2,6 2,6 4,6 1,6 6,7 
180 10 20,4 8,4 0,0 7,2 0,0 6,9 0,0 6,7 0,0 6,5 0,0 5,3 0,0 3,9 2,0 2,4 5,0 
235 10 30,5 12,6 0,0 10,8 0,0 10,3 0,0 10,1 0,0 9,7 0,0 7,9 0,0 5,8 0,0 3,6 2,6 
335 10 52,5 21,7 0,0 16,6 0 0 17,6 0,0 17 3 0,0 16,7 0,0 13,6 0,0 9,9 0,0 6,2 0,0 

100 35,2 38,8 40,3 40,8 41,8 47,1 55,3 67,1

Adjusted settling velocity Vs’ = settling velocity Vs x Shape factor x Hindrance factor x Areal efficiency.

Table IIa. Overflow losses during hopper load process. Sand Type A.

Figure 7. Particle size distribution curve.

of the Dredging Division of IHC Holland (S.E.M. de
Bree) and tests in dredging works in Spain with a trailer
suction hopper dredger type Eurotrailer.

Once calculated the overflow losses rates during the
loading operations, it is possible to calculate the opti-
mum loading level to obtain the maximum production
in the dredging cycle, taking into account the dredger
velocity and sailing distance.
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Figure 8a. Overflow losses during hopper load sequence. 
Soil Type A (top) and Figure 8b. Overflow losses during hopper
load sequence. Soil Type B (under).

Hindrance Factor 
Sand Type B: dc 89,3

D-50 = 310 mic. M 9,5
DMF = 338 mic. Flow 9.000 m3/hr C 13,79 

Hopper area 460 m2 Vf. 6,25 
Q/A 5,4348 mm/sec a 0,9850 

Flow density = 1,25 T/m3 Re. 0,4263 
Solids density 2,65 T/m3 � 5,30 Areal Efficiency Factor. 

Solids concentration 13,79 % Hindrance. Fact. 0,9232 Hopper load (%) 

Shape Factor. 0,8000 10 20 30 40 50 60 70 80 
0,70 0,60 0,57 0,56 0,54 0,44 0,32 0,20 

Grada- Vs. Hopper load (%). 

d tion Fitch. 10 20 30 40 50 60 70 80 

(microns) % mm/sec Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses Vs’ Losses
mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec % mm/sec %

68 10 3,8 2,0 6,4 1,7 6,9 1,6 7,1 1,6 7,1 1,5 7,2 1,2 7,7 0,9 8,3 0,6 9,0
128 10 11,7 6,0 0,0 5,2 0,5 4,9 0,9 4,8 1,1 4,7 1,4 3,8 3,0 2,8 4,9 1,7 6,8
185 10 21,8 11,3 0,0 9,7 0,0 9,2 0,0 9,0 0,0 8,7 0,0 7,1 0,0 5,2 0,5 3,2 4,1
235 10 30,5 15,8 0,0 13,5 0,0 12,8 0,0 12,6 0,0 12,2 0,0 9,9 0,0 7,2 0,0 4,5 1,7
285 10 40,6 21,0 0,0 18,0 0,0 17,1 0,0 16,8 0,0 16.2 0,0 13.2 0,0 9,6 0,0 6,0 0,0
330 10 51,8 26,8 0,0 23,0 0,0 21,8 0,0 21,4 0,0 20,7 0,0 16,8 0,0 12,2 0,0 7,7 0,0
380 10 60,3 31,2 0,0 26,7 0,0 25,4 0,0 24,9 0,0 24,0 0,0 19,6 0,0 14,3 0,0 8,9 0,0
460 10 76,2 39,4 0,0 33,8 0,0 32,1 0,0 31,5 0,0 30,4 0,0 24,8 0,0 18,0 0,0 11,3 0,0
625 10 101,6 52,5 0,0 45,0 0,0 42,8 0,0 42,0 0,0 40,5 0,0 33,0 0,0 24,0 0,0 15,0 0,0
970 10 162,5 84,0 0,0 72,0 0,0 68,4 0,0 67,2 0,0 64,8 0,0 52,8 0,0 38,4 0,0 24,0 0,0 

100 6,4 7,4 8,0 8,2 8,6 10,7 13,8 21,6

Adjusted settling velocity Vs’ = settling velocity Vs x Shape factor x Hindrance factor x Areal efficiency.

Table IIb. Overflow losses during hopper load process. Sand Type B.

Figure 9a. Load Sequence. Soil Type A (top) and Figure 9b.
Load Sequence. Soil Type B (under).



Abstract

Over the past decade there has been increasing aware-
ness of the environmental impact of dredging, and in
particular, one of the side effects receiving attention
was the extra turbidity of resuspended waterbed mate-
rial occurring whilst dredging. With the help of environ-
mental impact assessments a great deal of knowledge
about ”turbidity caused by dredging” has been acqui-
red in The Netherlands. However many measurements
must be considered in order to provide answers to
whether or not turbidity has adverse impacts. How a
dredging technique is applied is of utmost importance.
The background turbidity, collapse times, and resus-
pension must be considered. 
But analyses need to be localised and specific to a
certain situation. 

This paper is the result of the work of the project
group, Environmental Effects of Dredging, a joint effort
of several organisations in dredging-related industries
and the Netherlands Government. At present some 
35 standardised turbidity measurements have been
executed around various dredging techniques. Photo-
graphs are used courtesy of Delft Hydraulics.

Introduction

Over the past decades there has been a considerable
increase in awareness that the conduct of man has an
impact on the environment. This applies in particular to
the interventions of a civil engineering nature. Dredging
is one of the major activities executed by man to alter
or control the environment at will. In addition to the
desired result, dredging activities have side effects on
the environment. Recently these side effects have
been receiving more attention from an environmental-
hygienic point of view, which is particularly because of
the pollution of the water bed. One of the side effects
receiving attention was the extra turbidity of resuspen-
ded water bed material occurring whilst dredging. This
article highlights the knowledge of ”turbidity caused by
dredging”; this is knowledge which over the past
decade has been acquired in The Netherlands.
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This took place in the harbours of Rotterdam under the
auspices of the Municipality of Rotterdam and “Rijks-
waterstaat” (a part of The Netherlands Ministry of
Public Works and Water Management). Both partners
joined up in the research venture “Minimalising Costs
of Maintenance Dredging” (MKO). One assignment of
MKO was the study of the environmental impact of
dredging. By employing on-site measurements MKO
intended to gain insight into the nature and extent of
turbidity caused by dredging activities in the Rotterdam
harbour area (Figure 1).
In the latter days of MKO the project group “Environ-
mental Impacts of Dredging” founded by the “Dredg-
ing Research Association” (CSB) sought contact with
MKO with the intention to also carry out on-site turbidi-
ty measurements. Even now CSB collaborates with its
former MKO partners in the execution of turbidity
measurements. Currently turbidity measurements are
also carried out in collaboration with the “Development
Programme Treatment Processes for Polluted Sedi-
ments” (POSW) of Rijkswaterstaat. Up to now about
35 standardised turbidity measurements have been
executed around a wide variety of dredging techniques.

TURBIDITY CAUSED BY DREDGING

ACTIVITIES

Dredging nearly always causes some measure of
resuspension of bed material. In practice measure-
ments have demonstrated that the extent to which this
happens not only depends upon the dredging tech-
nique used but also upon the interaction of three
factors (see Figure 2), which are:
– The dredging technique itself, with considerations

such as:
the manner of mechanical or hydraulical excavation;
the manner of vertical and horizontal transport of
dredged material; 

ENVIRONMENTAL IMPACTS OF DREDGING

In many ways dredging can have an impact on the
environment. One can think of spill, dredging precision
and selectivity, noise, stench, and turbidity. It depends
on the situation in and around the dredging site, the
execution of the work and the aimed result whether
these aspects have a greater or smaller impact on the
environment. 
One reason why turbidity caused by dredging has been
investigated first, is that the consequences of turbidity
do not necessarily confine themselves to the area
where the dredging takes place; the impacts of other
aspects remain more or less confined to the area itself.
Turbidity can, as density current or carried by the main
current, be moved away far from the dredging area.
However, this does not necessarily mean that turbidity
caused by dredging is at all times its most important
environmental impact. It may be that the impact of
turbidity is of a different order. Whether turbidity caused
by dredging is important or not must be established by
way of an environmental impact assessment. Such an
environmental impact assessment must determine
what, and to what extent, the eventual environmental
impact is of the extra turbidity caused by dredging. This
eventual environmental impact can, for instance, con-
sist of:
– sedimentation inside or beyond the dredging area;
– the uncontrolled movement of attached pollutants;
– the pollution of clean areas;
– the release of nutrients;
– oxygen consumption in surface water;
– the blocking of sunlight, and so on.

Naturally, in such an assessment the situation in the
surroundings (natural and artificial variables) have been
taken into account.

HISTORY OF ON-SITE TURBIDITY

MEASUREMENTS

It was in 1985 that, for the first time systematically and
according to a fixed routine, turbidity measurements
were executed in the vicinity of dredging vessels. 
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Waterbed

Turbidity

Surface water Dredging technique

Figure 2. Factors that can affect turbidity.

Figure 1. Turbidity caused by clamshell dredging contained
within a siltscreen enclosure in the Geul Harbour, Port of
Rotterdam.



the manner in which the dredging activities are
actually being executed.

– The sensitivity to resuspension of the water bed, i.e.
the ease with which the bed material will become
resuspended.

– The condition of the surface water, with considera-
tions such as: water depth; current velocity; wave
action; but also salinity and density stratification can
be of some importance.

The interaction of these various factors and their mutu-
al effect will eventually determine the nature and
extent of the turbidity. If sufficient insight into these
interactions is available, the extent of the turbidity can
be predicted. 

METHODOLOGY OF THE RESEARCH INTO

TURBIDITY

From an analysis of the turbidity development it appears
impossible to develop a simple and universally applica-
ble model of turbidity caused by dredging. Too many
locally-determined factors play a decisive role in this
phenomenon.
As has been remarked earlier it is important to appre-
ciate that the measurements were conducted under
the specific circumstances of the dredging project, that
is, so to speak, highly local observations with three
substantial variables: 
– the nature of the local water bed,
– the used dredging technique, and
– the condition of the surface water in and around the

dredging area.

One single measurement cannot provide an immediate
and decisive insight into the variation of the turbidity,
for example, if a different dredging technique had been

used, or if there had been more or less water flow, or if
the water bed had been more or less sensitive to
resuspension. In order to achieve some prediction of
the turbidity phenomenon the following strategy has
been adopted.

The Dredging Technique
To get some idea of the extent of resuspension of bot-
tom material when using specific dredging techniques,
the turbidity measurements are executed under on-site
circumstances. Naturally, the results of the measure-
ments can be compared best with one another if the
two other variables (condition surface water, and type
of water bottom) have not been changed. For both this
is only possible to some extent. One choice for a
measurement dredging project is, for example, that the
flow velocity of the surface water is practically zero. 
But even then the condition of the surface water is
seldom exactly the same; one can think of water
depth, salinity, density stratification, and so on. With
measurements in on- site situations at various dredging
projects it is virtually impossible to have everywhere an
even sensitivity of the water bed to resuspension.
Despite that, one should try to extract from the results
of the on-site measurements the influence of the
dredging method on the nature and extent of the
turbidity. The insight into this will expand with an in-
crease of the number of  measurements.

The Sensitivity to Resuspension of the Water Bed 
The impact of the second factor, i.e. the sensitivity to
resuspension of the water bed material, will be accoun-
ted for in a different way. This sensitivity is the result of
the geo-technical, rheological and micro-biological
nature of the water bed material. The strategy is to
classify this sensitivity to resuspension on a proportion-
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Figure 3. Turbidity measurements in progress with small
vessels around the auger dredge during clean-up dredging in
the Sea Harbour Channel, Delfzijl, The Netherlands.

Figure 4. Taking site water samples of the background and
turbid water with a NISKIN water sampler for laboratory
analysis to enable the calibration of the turbidity sensors.



2. The characteristic increase of the depth-averaged
turbidity caused by the dredging activity (■C). 
By itself this is a just an arbitrarily chosen param-
eter. It has been defined as the average increase of
the turbidity on the edge of an area of 50 by 50
metres around the centre of the dredging activity.

3. The collapse time of the increase of the turbidity
(■T). This is the period after cessation of the dredg-
ing activity, after which the turbidity plume is no
longer observed at the level of 50 cms above the
water bed, meaning that after that period the
turbidity in the dredging area has diminished to
background values. From the measurement results
the collapse time of the turbidity plume can be
approximated. This measurement routine, how-
ever, does not allow the determination of the
collapse time with a precision of minutes.

4. The suspension parameter (S). This S-parameter
renders the volume of water bed material (in kilo-
grams of dry material) that is resuspended in the
surface water per cubic metre dredged (in situ)
water bed. Thus, in this S-parameter the impact of
production activity of the dredge has been accoun-
ted for. Although the S-parameter indicates how
much water bed material is resuspended into the
watercolumn no indication is given about the
position of the turbidity plume over the water
vertical. But this can of course be important for the
final dispersion of turbidity.

al scale using a standardised test. Currently a standard
test device is worked out in detail. With this test the
sensitivity to resuspension is established in proportion
to other water beds. This device is called a TACT,
which stands for Turbidity Ability Criterion Test device
(in the Dutch language this device is known as a “VGS-
apparaat”, which is why the derived values are called
VGS-values) (Figure 5).

This availability of VGS-values of water beds in which
tests have been or are to be executed, should make it
possible to “calibrate away” the impact of the water
bed on the results of on-site measurements. It goes
without saying that the VGS-value of the water bed is
indispensable if one has to make a prediction of the
turbidity development during a future dredging activity.

The Condition of the Surface Water
The impact of the third (and last) factor, which is the
condition of the surface water, is processed with the
help of a numerical simulation of flow dynamics. It is
expected that the dispersion and own dynamics of the
turbidity plume can be predicted using mathematical
models and certain computing methods.

TURBIDITY MEASUREMENTS

When applying the standard turbidity measurements
sensors are used which measure, on the basis of
translucency for infrared light, the turbidity of the water.
To obtain a correct conversion from translucency to dry
solids concentration, afterwards the sensors are always
(re)calibrated with water samples of the turbidity plume
that have been collected during the measurements at
the location where is being dredged.

An important requirement for the execution of the
dredging process with every measurement, was that
the dredging work had to be carried out in the usual
way, that is, in accordance with the normal daily rou-
tine. The on-site measurements had to deal with the
entire (gross) dredging process, that is:
replacing (swing and step); excavating the water bed;
formation of the dredged material mixture; the vertical
transport of the dredged material; the horizontal trans-
port of the dredged material from the dredging area
(possible rehandling in barges, barge manoeuvring and
the like); in short, all work which is normal and neces-
sary in the dredging area.

The measurement routine has been designed so that it
is possible to compute four independent parameters
for the development and extent of turbidity. These are:
1. The depth-averaged background turbidity (back-

ground concentration of dry material) (C). The back-
ground turbidity is certainly not always constant. 
In tidal areas the background turbidity is often
varying with the phase of the tide.
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Figure 5. Prototype of the TACT (Turbidity Ability Criterion
Test) device showing the agitation propeller, the silt sample
underneath and the turbidity sensor above the propeller. 
With this test the sensitivity to resuspension of the water bed
material can be derived in proportion to other water beds.



RESULTS OF TURBIDITY MEASUREMENTS

In the past decade, 35 measurements dealing with
several different dredging methods were carried out. 
At every measurement it was tried to record in the
measurement reports as many as possible of the
earlier mentioned three influencing factors. This was
done to enable recalibration at a later stage. Some
results of these measurements are given in Tables I, II

and III. In Figure 6 the values of the S-parameter have
been converted into a diagram. One can easily observe
that the results have not only been determined by the
various dredging methods but also by the specific
situation of the dredging activity.

In Figure 7 the S-parameters of “equal” dredging
techniques at various locations have been converted
into a diagram. For example, compare the results
obtained from the Amsterdam-Rhine Canal, with those
from the harbours of Rotterdam or Delfzijl. 

Right now it has not yet been possible to remove the
influence of the water bed from the results. Currently
an investigation is in progress to find a method with
which to establish the sensitivity of water beds to
resuspension. In Figure 8 are shown graphically the
results of the measurements in the harbour area of
Rotterdam. If we may assume an equal sensitivity for
resuspension for the Rotterdam harbour area, then it
appears from this figure that for example big trailing
suction hopper dredges can resuspend just as much
bed material as grab cranes can.

The background turbidity differs very much per loca-
tion. The lowest mean value was around 15 milligrams
per litre; the highest mean was around 75 mg/litre.
However, the greater part of the measured values was
around 50 mg/litre. In tidal areas there was also a great
variation in time; this variation measured now and then
tens of milligrams per hour.
The characteristic increase of the turbidity was rarely
higher that 500 mg/litre (see Figure 9). Here again
virtually all measurements were conducted with very
low flow velocities thanks to which virtually no addition-
al resuspension occurred due to turbulence of the main
flow. With some dredging techniques the resuspen-
sion was so trivial that a characteristic increase hardly
exceeded the variation of the measured values.
The collapse times which, on the basis of the measure-
ments, have been established, are no longer than 1.5
hours. This implies that the turbidity sinks quickly to the
bed and is exposed to the highest flow velocities for a
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Figure 6. S-parameter values from various measurements. Figure 7. S-parameter values with “equal” techniques.

Figure 8. S-parameter values of various measurements in the
Rotterdam harbour area.

Figure 9. Characteristic increase of turbidity (50 x 50 m2

around the centre of dredging activity) of various
measurements.



from the water bed material that had been resuspen-
ded. As such an experiment is too expensive to estab-
lish whether there is mobility for all pollution, it is has
been conducted in the form of a test. It was tested
whether the hypothesis would be valid that during
turbidity the pollution would remain attached to the
solid particles. This test was conducted in such a way
that verified whether or not the surface water in and
around the dredged area at the time of, as well as after
dredging retained an increased concentration of the
pollution which at first could have been expected to be
mobile. The results of these tests was negative: the
hypothesis that the pollution remains attached to the
solid particles during the “life time” of the turbidity was
not refuted but neither confirmed for all contaminants.

Conclusions

The measurements by themselves do not provide an
answer to the question whether or not turbidity has an
important (adverse) impact on the environment. This
question must be answered via an assessment of
pollution and dissipation when designing a clean-up
dredging project. However, the measurements of
turbidity do contribute to the shaping of fundamental
insights and information for such an assessment.

From the results of the measurements one can infer
that not only the dredging technique determines the
extent and development of the turbidity. The sensitivity

limited period only. However, it should be noted that
due to turbulence coming with strong flows, resuspen-
sion can occur again. The turbidity does not appear to
collapse with fall velocity of the individual dry-solid
particles (something which is generally assumed), but
with the often much higher velocities being developed
by turbid water in comparison to the surrounding
water. This also implies that with a density stratification
of the surface water a turbidity plume can remain
“floating” upon a layer of higher density. For example,
at measurements in the North Sea Canal and Haring-
vliet basin it was found that in this way turbidity re-
mained suspended at a certain water depth and then
moved off with the local flow velocity.

The S-parameter values show a large dispersion. The
various types of dredging techniques overlap to a great
extent. It also appears (see the Tables) that the turbidity
does not necessarily increase with the production
capacity of the dredging technique. 
The lowest values of the S-parameter are of the order
of 0 kg/m3; the highest calculated value is of the order
of 54 kg/m3. Most values however, can be found in a
band between 0 and 20 kg/m3. If the dredged water
bed density equals 1300 kg/m3 (that is a dry solid con-
tent of about 480 kg/m3) an S-value of 20 means that
4% of the dredged volume enters surface water in the
form of turbidity.

A few measurements have been extended with a test
of the mobility of contaminants: the release of pollution
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Hydraulic dredging techniques

Location Production
(m3/hr) C (mg/litre) ■C (mg/litre) ■T (hours) S (kg/m3)

Large Trailing Suction Hopper Dredge “Cornelia” with LMOB (Lean Mixture Over Board)
Third Petroleum Harbour 
Rotterdam 5500 75 400 1 14

Large Trailing Suction Hopper Dredge “Cornelia” without LMOB (Lean Mixture Over Board) 
Third Petroleum Harbour 
Rotterdam 5400 40 150 1 3

Small Trailing Suction Hopper Dredge “Kinhem”, limited LMOB   
Sea Harbour Channel 
Delfzijl 1750 65 15 0.5 1-5

Small Trailing Suction Hopper Dredge “Hein”  
Laurens Harbour 
Rotterdam 2170 23 60 1 8-22

Pneuma-dredge system
Berghaven Harbour 
Hook of Holland 59 25 0 0 0

Table I. Turbidity parameters of the measurements dealing with hydraulic dredging techniques.



to resuspension of the water bed and the condition of
the surface water are important.
An important conclusion is also that not so much the

dredging technique but rather the way in which this
technique is used determines the extent and develop-
ment of the turbidity. For future dredging works it is
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Table II. Turbidity parameters of measurements dealing with mechanical dredging techniques.

Mechanical dredging techniques

Location Production
(m3/hr) C (mg/litre) ■C (mg/litre) ■T (hours) S (kg/m3)

Dragline with open clamshell 
Merwe Harbour 
Rotterdam 90 20 35 1 3

Dragline with open clamshell and silt curtain
Hollandse IJssel 
river Nieuwerkerk 
a/d IJssel 84 35 35 1 9 

Dragline with watertight clamshell
Hollandse IJssel
river Nieuwerkerk 
a/d IJssel 166 35 100 1 19

Oude Haven ’t Sas
Zierikzee 220 50 90 1 11

First Petroleum Harbour 
Rotterdam 121 20 80 1 13

Dragline with watertight clamshell and silt curtain
Hollandse IJssel 
river Nieuwerkerk 
a/d IJssel 102 35 20 1 3

Oude Haven ’t Sas
Zierikzee 204 50 105 1 11

Hydraulic crane with orange peel excavator and silt curtain
Geul Harbour
Rotterdam 130 50 100 1 6

Hydraulic crane with open backhoe
Amsterdam-Rhine Canal, 
Wijk bij Duurstede 208 40 530 0.5 54

Hydraulic crane with closed visor backhoe
Amsterdam-Rhine Canal, 
Wijk bij Duurstede 199 45 170 0.5 21

Bucket dredge “Saturn” 
North Sea Canal
Amsterdam 714 15 110 1 18-21

Bucket dredge “Aalscholver”, adapted for environmental efficiency
2nd Inner Harbour
Scheveningen 296 48 20-35 0.5 3-5



When analysing and designing dredging activities
where turbidity has some importance, it is at all times
advisable to localize and make an inventory of the
turbidity sources. It is important to know whether
turbidity is caused upward or downward in the water
vertical.

To gain insight into the effects of a dredging technique
in a certain situation, by way of testing, a goal-oriented
measurement of the turbidity development can be
done prior to commencing the real work.

It is expected that in the future it will be possible to
determine unambiguously the sensitivity to resuspen-
sion of water beds. The development of such a mea-
surement method is currently in progress. With this
method parameters derived from the measurements
would be freed of the impact of the water bed whereas
the impact of the dredging technique can be isolated.
It is expected that the impact of the surface water can
be simulated with mathematical models. The measure-
ments then provide a sound basis for predicting the
impact of a dredging technique on turbidity caused by
dredging activities. 

therefore not so simple to make predictions about
turbidity. The background turbidity can differ several
tens of milligrams per location; in tidal areas variations
can occur in time of sometimes several tens of milli-
grams per hour.

The resuspension of water bed material caused by
dredging activity varied from very trivial (meaning that it
cannot be separated from background noise) to about
50 kilograms solid material per cubic metre of on-site
dredged material. Most S-parameter values can be
found in a range of 0 to 20 kg/m3.

The collapse times of the turbidity plume rarely took
more than 1.5 hours. The turbidity does not appear to
collapse whilst matching the fall velocity of the individu-
al dry-solid particles (something which is assumed by
many), but with the often much higher velocities being
developed by turbid water in comparison to the sur-
rounding water. A greater density difference between
the turbidity plume and the surrounding water results in
a greater sinking velocity. In addition, the mixing with
the surface water caused by turbulence becomes
much more difficult when there is a greater density
difference.
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Hydraulical/mechanical and agitation dredging techniques

Location Production
(m3/hour) C (mg/litre) ■C (mg/litre) ■T (hours) S (kg/m3)

Environmental disc cutter
Berg Harbour
Hook of Holland 113 25 0 0 0  

Auger “Willem Bever”  
Sea Harbour Canal
Delfzijl 300 20-50 0 0.5 0  

Siltcutter dredge “Zsuzsa”
Industrial Harbour
Heusden 115 45 10 0.5 2

Water injection dredge “Jetsed”
Haringvliet
Hellevoetsluis * 20 30 0.5 *

Prototype water injection dredge “Woelnix”
Merwe Harbour
Rotterdam 3200 45 250 1.5 11

Bed leveller “Pesante”
Waal Harbour
Rotterdam 610 35 60 1 6

Table III.  Turbidity parameters of the measurements dealing with hydraulical/mechanical and agitation
dredging techniques.



Abstract

Reliable assessment of offshore sand and gravel
resources permits efficient dredging, the maintenance
of cargo quality control and the effective mitigation of
environmental impacts. Site investigation should be
based on the interpretation and correlation of high
resolution seismic profiling and CPT/sampling data. 
A preliminary interpretation of the seismic data reveals
the geological setting of the sand bodies and leads to
the selection of appropriate sampling methods and the
recognition of key sampling positions. Geologically
complex sand bodies demand phased data acquisition

to delineate geometry, physical properties and compo-
sitional variability. The alternative approach of grid-
based sampling using a predetermined sampling densi-
ty is costly at best and probably misleading. 
A 3-dimensional model is created from the integration
of acquired data and a resource volume calculated.
Dredging constraints and overflow losses are applied to
the model resulting in the determination of a reserve
volume and critical dredging parameters. It is advisable
to carry out a wide-ranging testing programme on the
recovered samples to ensure compliance with relevant
standards or requirements. The potential penalties for
superficial site investigation include delay, unpredicta-
ble cargo quality and unforeseen environmental pro-
blems.
The authors are grateful for the critical reviews of
Gerben Postma and John Scott together with the
views of Ben Degen of GEOCOM and their other
colleagues in DEMAS and the Geotechnical Engineer-
ing Office. The article was first published by the Geolo-
gical Society in Aggregates and Armourstone, Volume
1, the Proceedings of the EIG Conference, Warwick,
1996, and is reprinted here their permission and with
permission of the Director of Civil Engineering, Hong
Kong Government.

Introduction

Offshore sands and gravels lying at depths of less than
60 m on the inner shelf form an important economic
resource. The last twenty years has witnessed an
escalation in the value of offshore deposits as demand
and extraction rates have significantly increased for a
wide range of uses. Sand and gravel deposits are
dredged for four major applications:
– for use as fill in reclamations: pressures arising from

population and development in many ports and
coastal communities around the world, for example
the Middle East, Hong Kong, Singapore and Taiwan,
have lead to a demand for land through reclama-
tions, (e.g. Ooms et al. 1994) together with the
redevelopment of existing port sites; 

– for use as aggregates for construction and concrete:
as land-based extraction has become environmental-
ly less acceptable, an increased quantity of fine and
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and discharge their cargo at the site or wharf (Figure 1).
TSHDs used for capital projects typically have hopper
volumes of 4000-10000 m3, and are soon to be as large
as 23000 m3. Aggregate dredger hopper volumes are
generally smaller, around 1000-3500 m3, largely due to
the restrictions imposed by tidal berths. This paper only
considers dredging by TSHDs. In the past extraction by
TSHD has been limited to depths of about -50 m, but
several dredgers may now operate at -60 m and deeper
as a result of outboard pump systems, and the trend
towards deeper dredging continues.  

Given the investment in TSHD technology, it is critical
to maximise the utilisation of finite geological resour-
ces. However during dredging operations (Bray 1979),
production and quality problems often arise which can
be directly attributed to a poor understanding of the
geological context of the dredged deposit. This is often
a result of an inadequate site investigation which has
lead to an incorrect interpretation. Coupled with
uncompromising restrictions being imposed as a result
of the developing environmental awareness of dredg-
ing impacts, it is considered that the inefficiency arising
from poor resource assessment is becoming increas-
ingly unacceptable. This paper highlights the potential
benefits of a thorough site investigation, which will
result in a confident prediction and assessment of
resources, permits optimal production and mitigation of
environmental impacts. The methods outlined are
based on experience of resource and reserve assess-
ment in the UK and Hong Kong for sand and gravel
deposits dredged for aggregates, fill and beach replen-
ishment. Figure 2 illustrates the assessment method-
ology. Aspects of the geology of offshore sands and

coarse marine aggregate is being used in concrete
and as fills. Currently in Japan about 85% of aggre-
gates are supplied from marine sources (Tsurusaki 
et al. 1988) compared with about 18% in the UK
(Parrish 1987), whilst many other countries have
investigated potential offshore resources, for exam-
ple Suter et al. (1989); 

– for beach replenishment: it is now recognised that
soft, natural solutions, eg. beach recharge, rather
than costly, hard, structural solutions to coastal pro-
tection often offer significant environmental and eco-
nomic advantages. Beach replenishment schemes
around the world use a variety of methods (van
Oorschot and van Raalte 1989) on a range of scales
(for example Murray et al. 1994), typically resulting in
the deposition 0.5-10 million m3 of sand and gravel
supplying starved and eroded beaches; and 

– to extract placers: including precious stones and
mineral sands (eg. Hein et al. 1993), occurring in
fluvial and marine sands and gravels.

This paper examines the origins and assessment of
sands and gravels dredged for fill, aggregates and
beach replenishment. Dredged sand and gravel
resources must satisfy a wide range of specifications
for various uses. Sands dredged as fill for reclamations
may contain up to 20% or more fines (<63Ám), depen-
ding on the works programme and planned use of the
area. If the area is to be developed upon completion of
the reclamation works, a high bearing capacity is requir-
ed at an early stage. This can be achieved by using a
well-sorted, coarse-grained sand with a low fines con-
tent, although ground improvement methods are also
used to enhance strength and stiffness characteristics.
Reclamations allowing larger settlements over a longer
period before construction begins may utilise sands
with a higher fines content. Sands and gravels dredged
as concreting aggregates require a very low fines
content (<5%), must satisfy colour and grading criteria
and should not contain deleterious lithologies. A wide
range of gradings may be specified for beach nourish-
ments, from fine-grained sands, encouraged as a
beneficial use of sediments dredged for other projects
(PIANC 1992) to well-sorted gravels.  

Dredging is a large international business with over
1000 million m3 of sands and gravels being dredged
annually. The advantages of dredging in comparison to
quarrying have long been recognised, and dredging will
continue in the foreseeable future to rapidly, reliably
and economically deliver large volumes of sands and
gravels to the developing areas of conurbations, thus
ensuring good progress of projects. For example, at
Chek Lap Kok airport in Hong Kong, over 70 million m3

of sand was delivered in about two years to form a
platform measuring 2 km x 1 km, in an area of sea
formerly 4-6 m deep. For the majority of these require-
ments, trailer suction hopper dredgers (TSHDs) are
used to dredge sand from the licenced borrow areas
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Figure 1. A typical TSHD with a 8000 m3 hopper capacity is
125 m long x 21 m across with a loaded draft of 9 m. Dredged
slurry is discharged in the rear of the hopper. Overflow from
the hopper is regulated by adjusting the height of the overflow
tubes. TSHDs dredging aggregates have a single dredge pipe,
overflow through spillways in the top of the hopper above the
waterline, and discharge by pump and bucket wheel or
scraper and conveyor. 



gravels, with examples from Hong Kong, and each
stage in the assessment process are outlined in the
following sections.  

OCCURRENCE OF SANDS AND GRAVELS ON

THE INNER SHELF

Offshore sands and gravels are a finite resource. 
The majority of the sands and gravels currently dredged
from the inner shelf are relict and were deposited as a
result of the numerous major sea level and climatic
changes that have occurred during the alternating
glacial and temperate episodes of the past 1-2 million
years. Throughout this time sea levels have regularly
fallen (lowstands), rarely to a maximum of around -120
m, sub-aerially exposing the shelf, and have risen
(highstands), occasionally above existing sea level
(Shackleton 1987). In high latitudes during cold stages,
glacigenic (subglacial, proglacial and glaciofluvial) and
periglacial processes (Boardman 1987; Drewry 1986)
have resulted in intensified erosion, transport and
sedimentation rates of sands and gravels, which then
may become available for reworking during the follow-
ing warm stage highstand. In the lower latitudes, shifts
in the climatic belts have resulted in changes in precipi-
tation and vegetation leading to periods of intensified
erosion of deeply weathered rocks and reworking of
existing sand deposits. Throughout this time, climatic
changes in hinterlands have resulted in changes in river
sediment loads, composition and deposition rates. 

Sands and gravels have been deposited in a wide
variety of high energy, fluvial, coastal and marine set-
tings which have been influenced by the numerous
changes in relative sea level. Typically, sand and gravel
bodies are characterised by complex depositional
geometries and histories. Offshore, the shelf often
slopes seaward at very low angles, eg 1 in 1000, and
consequently even if a minor sea level fall occurs, wide
expanses of shelf become sub-aerially exposed and
rivers flow across the plains. Fluvial incision occurs as
base levels fall and the channels of braided and mean-
dering systems migrate and infill (Miall 1992). Coarse-
grained sediments by-pass the exposed inner shelf
during a lowstand. Terraces preserved along the chan-
nel margins (Bellamy 1995) provide evidence of further
minor sea level changes and estuaries and deltas
become sediment traps, where the rivers enter the sea
(Orton and Reading 1993). Rising sea levels result in
estuarine sedimentation backstepping coastwards,
forming the late stage infills of the fluvial channels,
whilst concurrent erosion of the transgressed land
surface forms a planar ravinement surface. The ravine-
ment surface is commonly associated with overlying
veneers of sand, locally up to a few metres thick,
deposited in a nearshore, shallow shelf environment
(Stride 1982). Stillstands in the transgression leads to
the development of coastal depositional systems
including beaches, bars and barriers, which may be
partially preserved on the shelf (Nummedal et al. 1987),
whilst shallow marine currents may lead to the forma-
tion of offshore sand banks. 

Sands from the Inner Shelf Around Hong Kong
The sands lying offshore Hong Kong provide a good
example of the variety of inner shelf sand bodies.
Around 250 Mm3 of sand has been dredged in Hong
Kong to provide fill for the reclamation programme
since 1985. Hong Kong lies on the stable passive
margin forming the northern shelf of the South China
Sea, on the eastern side of the mouth of the Zhujiang
(Pearl) Estuary (Figure 3). Within territorial waters,
depths attain -33 m (all depths are below Chart Datum)
and the seabed is typically underlain by a 5-15 m thick
mud sheet deposited during the final stages of the
Holocene transgression (Fyfe et al. in press). The mud
sheet overlies a sub-aerially weathered succession of
interbedded muds and sands incised by fluvial proces-
ses during at least two major sea level lowstands. 
A significant difference between resources in Hong
Kong and elsewhere, for example in the UK (Selby
1992), is that gravels are rare. This is attributed to the
intensity and depth of the weathering of the bedrock in
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last transgression, probably as a result of current and
tidal winnowing of coastal and seabed sands by the
enhanced currents flowing through the shallow chan-
nels, when sea levels were 15-25 m below present
levels. Sandbanks formed locally (eg. Evans 1988), and
often became partially buried by the mud sheet that
accumulated as sediment supply became predominant-
ly fine-grained and current speeds reduced with
increasing sea levels. As the sands overlie the flat-lying
ravinement surface, dredging of underlying sand occurs
below the erosion surface in places. Dredging has now
removed the majority of the marine sand sheets in
Hong Kong.

Fluvial channel sands
Two types of fluvial sand are present infilling channels: 
(a) Type I channel sands lie in relatively narrow chan-
nels, often constrained by steep bedrock valley sides
eg. East Lamma Channel, Tsing Yi and Tathong Chan-
nel (Figure 3). The sands have been deposited to
depths of >-70 m, commonly within linear and continu-
ous channels. Seismically, the sands are homogeneous
and characterised by a high amplitude backscatter,
although prograding and flat-lying reflectors are oc-
casionally present. In the East Lamma Channel, the
very poorly sorted, medium to coarse-grained yellow
sands and fine gravels (d50 0.8-1.0 mm) are apparently

Hong Kong, which is dominated by silicic magmatic
lithologies.  

In Hong Kong, inner shelf submarine sands have been
deposited in fluvial, estuarine and marine environ-
ments, however two major types of sand body have
been dredged to depths of -50m: (i) seabed marine
sand sheets, and (ii) fluvial channel sands, which have
commonly required the removal of overburden. 

Seabed marine sand sheets
The seabed sands form mounds and sheets typically
up to 5 m thick lying in restricted channels and around
islands and headlands, eg. East Po Toi, Tathong Chan-
nel and Urmston Roads (James 1993) at depths of -30
m (Figure 3), and may grade laterally into mud sheets.
These restricted tidal channels correspond with the
highest existing tidal currents in Hong Kong, which
reach about 1.0m/s. Sand grain size varies across the
sheets, whilst fines contents increase at the base of
the sheets and channel margins where currents are
reduced. For example, in the Tathong Channel the
sands are grey, poorly sorted, fine to coarse-grained,
shelly, occasionally gravelly with a fines content of 
10-20%, but become very fine-grained with fines
contents >30% at the margin of the sheet. 
The sheets were deposited in the final stages of the

Assessment of Offshore Sand and Gravel for Dredging

21

Figure 3. Location of sand deposits used for the reclamation at Chek Lap Kok and for projects at the harbour. The sand bodies are: 
(1) Urmston Roads, (2) Brothers, (3) Tsing Yi, (4) East Lamma Channel, (5) West Po Toi, (6) East Po Toi, (7) Tathong Channel, (8) West
Ninepins, (9) Eastern Waters, (10) Mirs Bay and (11) Sokos. Mirs Bay sand deposits remain undeveloped for environmental reasons.



massive and dense (SPT-N value 20-80), subangular-
subrounded, of moderate sphericity and contain less
than 5% fines. The fines contents increase towards the
channel margins. Thin (<2.0m thick), firm-stiff, silt/clay
lenses are rare, weathered yellow and red, and are
generally overconsolidated due to dessication (undrai-
ned shear strength up to 70kPa). The sands are inter-
preted to be autochthonous and deposited in braided,
possibly seasonal, fluvial channels characterically infilled
by lateral and downstream accretion and have been
subjected to prolonged, possibly repeated periods of
sub-aerial exposure. It is likely that the sands were
deposited by the fluvial system that drained through
Hong Kong, prior to the development of the Zhujiang
(Pearl) Delta, since the last glacial maximum (Long and
Huo 1990). Strong tidal currents in the areas restricted
the deposition of the mud sheet and consequently
these sands are associated with minor thicknesses of
overburden.

(b) Type II channel sands infill fluvially entrenched
channels and are often overlain by up to 10 m of over-
burden deposited during the final stages of the Holo-
cene transgression, for example at West Ninepins and
Eastern Waters (Figure 4). Seismic profiles reveal
channels up to 3 km across incised to depths of -58 m

and courses locally controlled by bedrock configuration.
The sand bodies form lenses up to 15 m thick lying at
the channel margins. The sand lenses may coalesce
and are characterised internally by a series of prograd-
ing packages of reflectors. Samples reveal the sands
are often grey, well-sorted, medium-grained (d50 150-
220Ám), moderately dense, (cone resistance occasion-
ally up to 40MPa) subrounded and contain less than
2% comminuted shell. Fines contents are generally
less than 10%, although occasional mud partings and
interburden lenses are present in the uppermost and
basal sections of the channels. The sand lenses at the
margins contrast the final infilling of the centre of the
channel, which consists of fine-grained sediments. 
The sand bodies are interpreted as lateral accretion
deposits including giant point bars, deposited in fluvial
and locally estuarine channels. Overlying sands associa-
ted with the ravinement surface add to the thickness of
the dredgable resources, together with the underlying
poorly sorted, fine to coarse-grained, angular sands
containing less than 15% fines and up to 30% gravel
(Type I sands). Type II fluvial sands lie within channels
commonly incised during the last glacial maximum
(18,000 yrBP), although it is possible minor incision and
limited deposition occurred during the other lowstands
following the oxygen isotope stage 5e highstand of
about 125,000 yrBP.

SITE INVESTIGATION

Site investigation begins with a desk study of available
data. Although this may include reconnaissance sur-
veys, e.g. Harrison (1988) and maps, e.g. Balson
(1990), large areas of seabed remain unexplored and it
is reasonable to assume a comprehensive investigation
will be required. However, the desk study does provide
an indication of the characteristics of the local geologi-
cal sequence to be expected and should be considered
when planning the forthcoming surveys. Offshore site
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Figure 4. A surface-tow boomer profile across sands infilling a
north-south trending channel in the eastern waters of Hong
Kong at a depth of 28m. The overburden is characterised by a
series of parallel, continuous, low amplitude reflectors and
consists of soft silty clays. The flat lying discontinuous
reflector, interpreted as a poorly defined ravinement surface,
was formed during the Holocene transgression and truncates
a 10m thick channel infill forming the upper sands. The upper
sands accreted following channel incision during the Last
Glacial Maximum. The prograding reflector configuration is
interpreted as representing lateral accretion. The interburden
was deposited following an earlier phase of fluvial
entrenchment. 



guarantees cost effectiveness and achieves the level of
detail required to plan a successful dredging strategy.
Depending on the resource, it may only be necessary
to complete part of the phases outlined below.
Phase I consists of seismic acquisition on a grid size
depending on the size and origin of sand bodies. A line
spacing of 250-750 m may be appropriate, with lines
transverse to the trend and internal structure of sand
bodies. The opportunity should be taken to acquire as

investigation consists of seismic acquisition, which is
relatively inexpensive, and sampling, which is generally
expensive. In the past, it has been common to drill
boreholes on a pre-determined grid, e.g. a 500 m
spacing, in an attempt to determine the geological
structure, whilst the information provided by seismic
data has been overlooked or ignored (see Orlic and
Rosingh 1995). The previous section outlined the
depositional environments and superimposition typical-
ly associated with seabed sands and gravels which
strongly suggests that grid sampling is only reliable for
resource assessments of seabed sand sheets and
mounds. The complexities of variable bedrock levels,
courses of infilled channels, together with sand body
geometry, internal structure and variability, and the
margins of all other types of sand body remain unde-
fined using the grid method. Unfortunately the grid
sampling concept persists (Stone 1992 and IADC
1995), demands high sampling densities and is there-
fore costly at best and probably misleading (Figures 5
and 6). It is proposed that the grid sampling technique
has been superceded and this section describes the
essential site investigation elements required for a
confident resource assessment.  

Although surveys should always begin with a seismic
survey and an initial interpretation, further investigation
should be designed to constrain the (i) quality and (ii)
quantity of the reserve, as well as (iii) predicting the
potential environmental impacts of dredging the reser-
ve. Confident interpretation is reliant upon accurate
positioning to define the limits of sand and gravel
bodies offshore and it is assumed that all surveys and
the majority of dredgers will utilise DGPS navigation
systems offering positioning around +/-1 m. Site inves-
tigation methods are briefly reviewed below and are
discussed further by Le Tirant (1979) and Spigolon
(1995a). 

Survey Strategy
If a survey is planned without consideration of geologi-
cal structure, it is likely to prove expensive and unrelia-
ble in geologically complex areas. A phased approach
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Figure 6. Cross-section of a proposed borrow pit based on
horizons digitised from seismic data. The margins of the
borrow pit are defined by the interburden and the base of the
pit locally controlled by channeling in the base of the sand and
an irregular bedrock surface. For modelling purposes 1m
clearance is applied to the base of sand horizon and 2m to the
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taken into account together with overburden to sand ratios. 
A very misleading interpretation would arise if the resource
assessment was based solely on boreholes as shown here.  

Figure 5. A chart indicating locations of target sand bodies
forming potential borrow pits. The example site investigation
consists of seismic profiling, sampling and CPTs, however the
grid sampling at intersections of seismic lines is not likely to
refine the understanding of the sand body. Rather, samples
should be placed in geologically representative locations to
assess the variability and limits of a resource. 
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much seabed and water column data as possible for
use in forthcoming environmental studies and extrac-
tion plans. If possible, baseline suspended sediment
concentrations should also be measured using silt-
meters or water samples.
Phase II is composed of sampling and establishing
cone penetration test correlation with existing seismic
data. Additional seismic acquisition, at a line spacing of
less than 250m and sampling is carried out with the
objective of understanding the small-scale variability,
defining overburden/interburden and the margins of the
sand body. 

High Resolution Profiling and the Seabed
High resolution shallow seismic profiling forms the
basis of a variety of offshore site investigations. Inter-
pretation of the data reveals the configuration, relation-
ships and a guide to the composition of sedimentary
units lying below the seabed (Figure 4). 
The standard profiler used in sand and gravel asses-
sment is the surface-tow boomer system (Sylwester
1983). The boomer provides a balance of penetration,
(up to 80 m) and resolution (around 0.5 m), in a wide
range of sediments including gravels and can be pro-
cessed if required. Pinger and existing chirp acoustic
profiling systems often do not penetrate sands and
gravels. A bathymetry survey should be carried out
concurrently with the profiling using a multibeam sys-
tem if required. Interpretation of side scan sonar data
reveals the configuration and composition of the
seabed sediments and provides baseline evidence for
the pre-dredging condition of the seabed. The identifi-
cation of obstacles, including debris and bedrock
exposures which could result in serious damage to
dragheads and suction pipes, allows a dredging plan to
be formulated. At a later stage interpretation problems
may arise as a result of the susceptibility of acoustic
systems to gas blanking in overlying muds. Geoelectric
systems offer an alternative, if lower resolution, system
to profile sub-seabed successions. 

Sampling 
Coarse-grained clastic seabed sediments are succes-
sfully sampled using hydraulic grabs (up to 0.5 m3

bucket) to ensure cargo quality for aggregates (coal is
occasionally a deleterious contaminant) and provide
baseline data for an environmental assessment and
ensuing monitoring. Undisturbed sampling of the
sedimentary succession underlying the seabed is
achieved by a variation on a vibrated tube, for example
a vibrocorer, or a pushed/driven tube of varying length,
for example a U76. The vibrocore consists of a frame
with a sliding, vibrating pod and barrel which is lowered
from an anchored or dynamically positioned ship to rest
on the seabed. Vibrocotre samples are generally up to
6 m long (occasionally up to 9 m), recovered in a 70
mm diameter plastic liner, quick and relatively cheap.
However, vibrocore samples are compromised by
variable recoveries. Vibrocoring to a greater depth using

casing requires stable mooring. Boreholes may be
drilled to depths >-60 m for investigations of fill
resources from rigs, barges or drillships. The borehole
is formed using a bit and is cleaned using a bailer,
pumped water or mud. Typically, 70 mm diameter
samples are recovered: 1m long, thin walled piston
samples in soft silt/clays and sands, and pushed, dri-
ven, hammered or Mazier samples in loose sands and
gravels. A variety of other methods have been develop-
ed, including airlift and reverse circulation (Browne
1994), for specialised sampling requirements. To com-
plement the sampling programme, the relative density
of the cohesionless sedimentary succession should
also be assessed by the Standard Penetration Test
(SPT) N value, whilst drilling the borehole.

Accurate compositional assessment of the sand body
demands that the sampling is continuous, at least in
the target sand body. Although disturbance of the
samples should be kept to a minimum, two common
problems often arise: the coarse gravel component of a
deposit (>25 mm clast diameter) is difficult to establish
due to the diameter of the sampling tube or vibrocore;
and poor recoveries are typical with clean, medium to
coarse-grained sands and gravels. 

Cone Penetration Testing 
The in situ physical properties of the sedimentary
succession are commonly measured by the Cone
Penetration Test (CPT) as outlined by Meigh (1987).
Although of limited use within seabed marine sand
sheets, within complex channel infills and superim-
posed resources, the test provides additional informa-
tion on consistency, type, relative density and strength
of the sediment, together with refining the correlation
and interpretation of seismic data. The CPT consists of
a rod pushed into the sediment column, whilst meas-
urements of cone resistance are recorded, together
with the sleave friction and pore pressure. Interpretation
of CPT data to provide lithological data is site-specific
and it is essential that the CPT is correlated with an
adjacent borehole to establish the local relationship. 

Testing and Reporting
Site investigation reporting should be to established
standards (see discussion in Spigolon 1995b), for exam-
ple BSI (1981), BSI (1990) or PIANC (1984), adapted to
the requirement of each project. Representative sub-
sampling of cores for testing following extraction esta-
blishes several dredging characteristics of the deposits
based on particle size distributions (PSDs) and geotech-
nical parameters. PSD testing should include sieves of
particular importance to the project, for example the
sand fraction retained on the 106Ám sieve provides
additional resolution when calculating TSHD overflow.
A tendency exists to concentrate subsampling in
potential problem zones and this skews the data if
combined PSD plots are used to define the sorting
within sand units. Geotechnical parameters to be test-
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detailed understanding of the resources based on
seismic interpretation and the recognition of critical
horizons cannot be matched by the traditional, unrealis-
tic method of assessment, joining levels of similar litho-
logies in boreholes and assuming geological units occur
as flat layers. 

RESOURCE AND RESERVE MODELLING

As outlined in the Introduction, it is the specification of
the required sands and gravels that broadly defines the
resource and reserve. Once the specification has been
established, the resource is the volume of that grade of
sediment lying within the offshore investigation area.
Commonly, resources cannot be fully utilised due to
constraints imposed by economics, extraction method-
ology, legal obstacles or the location of utilities (Figure
5). The resource volumes are further reduced by pit
slopes, interburden lenses and losses during the dredg-
ing process. Following deduction of all non-recoverable
volumes from the resource, the reserve may be calcu-
lated. 

Assessments of resources and reserves in potential
dredging areas appear similar to assessments for
mining and quarrying. However, there are major differ-
ences in the approach of each assessment. Developers
of mines or quarries often carry out their own site
investigation or hire specialist site investigation contrac-
tors to carry out a geological survey aimed at the
delineation of the target resources. In-house knowl-
edge of the developer guarantees that the survey is
tailored to the mining practices to extract the target
resources. This is not the case with the site investiga-
tions for dredging and reclamation works (BSI 1991).
Proponents typically do not have in-house capability to
develop a project and seek consultants to carry out
feasibility and detailed design studies. The consultants
design the project according to the proponent’s objec-
tive, for which the dredging or reclamation is often just
a minor, although expensive detail. Therefore site
investigations for dredging projects should assist the
contractor to locate and quantify the resource, and
establish the parameters which are relevant to asses-
sment of settlement of sediment in the hopper and
disintegration and transport of sediment as slurries
through pipelines .

Use of a Database
Depending on the scale of the planned marine dredging
programme, individual site investigations may be con-
sidered, or the results of several investigations may
have to be analysed to assess the resources. In both
cases a database may be used to structure the data
collected during the site investigation and the laborato-
ry testing. The collected data should be tailored to suit
easy input, output and use. The stored data could be
used to assess and manage the resources; assign

ed that may affect dredging production rates include
moisture content, undrained shear strength, bulk
density, compaction, index properties and carbonate
content. Petrological analyses are required to assess
compositional suitability of the aggregate for concrete
mixtures (Gutt and Collins 1987) and predict wear rates
of dredging pumps and pipes. Grain sphericity and
angularity also influence wear rates of dredge pumps
and pipes. Finally, it should be recognised that the
unconsidered application of standards may not always
provide the information required to make decisions
regarding production rates, quality and potential envi-
ronmental impacts.

DATA INTERPRETATION

Seismic interpretation is based on the establishment of
a seismic stratigraphy, defining units which are charac-
terised by their geometries, external relationships and
the internal configuration of reflectors (Mitchum et al.
1977). The application of sequence stratigraphic con-
cepts, based on sediment supply and sea level change
(Posamentier et al. 1993; Swift et al. 1991), assists in
placing units in their depositional context. Most impor-
tantly for the resource assessment, the interpretation
of seismic units allows predictions of lithology and
lithological variation within target sand and gravel
bodies. Although minor modifications may arise follow-
ing analysis of sample data, the geometry of the
resource is delimited entirely by seismic data. It is
clearly essential that the type of deposit constituting
the target resource should be defined. As previously
stated, for some projects the minimum acceptable
sand content for fill may be as low as 60%, whereas
aggregates for concrete may require as low a sand
content as possible. In addition, the accurate identifica-
tion of overburden and interburden forms an important
component of the interpretation. Typically overburden
forms sheets and interburden forms lenses. 

Interpretation problems arise where gradual composi-
tional changes occur within successions which are
unlikely to result in the generation of a reflector on
seismic records, but are clearly defined as resource
horizons on the basis of sampling and testing. These
horizons would not be picked in a geological asses-
sment and indeed need not be reflectors, but are
compositional and may cross-cut seismic units and
geological structure. For the final interpretation horizons
are marked on the seismic profiles. The records are
digitised at every fix (assuming a velocity of sound in
sediment of around 1600m/s) and input files produced
for use in the resource modelling (Figure 8). The confi-
dence of interpretation and assessment of risk associa-
ted with the geological aspects of dredging productivi-
ty, is therefore controlled by the geometry and
composition of the resource and the quality of the site
investigation data. It is clear from this analysis that the
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dredging areas; provide contractors with the informa-
tion collected during site investigations; study the
production from dredging areas to reclamation or dis-
posal sites; study the recovery factors and production
efficiency for differing sediment types and working
conditions.

In order to make data input flexible, it should be pos-
sible to enter data from a keyboard, a data disk in a
selected format, or by digitising a graph or map. The
output data should be available in any selected format
and scaled to either a screen, a plotter (up to A0 size), a
printer or disk. Data formats should be selectable to
suit the importation of the information into other data
processing application, for example spreadsheets, CAD
and survey programs and other databases.

Preparation of the Data
It is necessary to store all of the information used
during the assessment to quantify the reserve. This
would normally consist of bathymetric, seismic, bore-
hole, CPT, SPT, PSD and other geotechnical data.
Other useful information includes the position of utili-
ties, coastlines of local islands, navigation channels and
marine traffic constraints. This data should be stored in
a separate database. A record of all the changes that
have been made to the original data during the asses-
sment permits back analysis following exhaustion of
the dredging area, if disputes arise about the volume
and accessibility of the reserves. 

Validation of the Data
The raw data in a database is often unsuitable for the
direct calculation of volumes of sand bodies, overbur-
den and interburden. All data should be checked for its
validity and compared with other sources of informa-
tion before it is entered into the database. Interpreted
seismic data and borehole logs form the basis of the
geological assessment of the area, together with CPT,
SPT, PSD and other data. As previously outlined, the
data should be interpreted to suit the requirements of
the dredging assessment. Resolution to 0.50 m is
acceptable, as thinner layers generally can not be
worked independently by a dredger.

Although costs may be saved on site investigations if
the collection of information from areas close to known
features, such as rock outcrops, is avoided, this addi-
tional data should be entered into the database for the
preparation of the ground model by a computer. In
many site investigations the boundaries of a resource
have been poorly investigated with boreholes or CPTs,
although the seismic survey may be extended beyond
the boundary of the target area. This seismic informa-
tion then forms the basis of the ground model. PSDs,
SPTs and CPTs are used to check that the borehole
descriptions match with the laboratory results. If these
indicate a relationship between the layer description
and the values derived from the samples the system

should be able to calculate an average and standard
deviation of the respective values in that particular
layer.

Ground Model
Following the selection, addition and modification to
the original data undertaken during the interpretation,
the data is ready to build the ground model. To build a
good ground model it is necessary to extend interpre-
tation to areas where information is not available from
the site investigation. The ground model may be gene-
rated by calculation of all relevant information on the
basis of Thiessen polygons or a selected square grid.
However, as soon as a connection to other systems is
necessary it is advisable to have all information for the
nodes or centres of a square grid.

The model should be able to generate depths to digi-
tised horizons, isopachs for all layers and calculate the
stripping ratio (the ratio of overburden over sand) for
the base of each sand layer. The system should be able
to present the contoured isopachs and ratios at a selec-
ted scale. Cross-sections through the multi-layered
model are generated at selected lines and scales to
compare the result of the modelling with the inter-
preted seismic lines. The grid size of the model may
alter during the course of the assessment and for a
feasibility study the model must be able to provide a
quick estimate, although at a lower resolution. How-
ever, when detailed designs of pits need to be pre-
pared, the model grid size has to be reduced, for exam-
ple to 20 m. The larger the grid size, the greater the
effect of smoothing the data, whilst computer running
time will increase if the grid size is reduced. A reduced
grid does not neccessarily contribute to a greater
accuracy in the assessment if the density of the data
collected during the site investigation is spaced at
greater intervals than the grid size. A grid spacing equal
to, or half of, the average separation of the seismic
lines is usually sufficient to build a reliable ground
model. As SI information is typically much denser along
seismic lines, the standard deviation of the horizons is
smaller along the lines than between the lines, and
depends on the horizon variability, for example a highly
irregular bedrock compared with an even channel base.

Volume Calculation
The ground model allows volumes of layers to be
calculated as a resource in a block with the outer boun-
dary of the dredging area as a limit. In situ volumes
should be calculated without considering limitations
caused by a maximum dredging depth or loss of mate-
rial due to overburden and interburden. A second step
is the calculation of volumes where a maximum dredg-
ing depth is imposed on the model. All resources
below this depth should then be discarded in the vol-
ume calculation. Furthermore, a minimum layer thick-
ness may be selected for exploitation, and thinner
layers should not be considered. It is also important to
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of dredging projects and many are now subject to some
form of Environmental Impact Assessment. Impacts
from dredging arise from the physical disruption of the
seabed, which occurs over relatively small areas, and
from sediments within the overflow mixture entering
the water column. Overflowing occurs from the keel or
over spillways of a TSHD (Figure 1) and has been
briefly considered by Pennekamp and Quaak (1990). 
As a result of dredging trials Whiteside et al. (1995)
estimated that 80% of sediment contained in the
overflow is transported to the seabed within a density
flow and around 20% of the sediment forms a plume
which becomes established around 250 m behind the
dredger. Therefore high dredging production rates
commonly lead to the rapid, proximal deposition of fine
sands and silts on the seabed from density flows close
to the dredger, and fine silts and clays settling from
suspension distally, perhaps up to several kilometres
downstream of the dredger. Consequently both proxi-
mal and distal sedimentation rates are likely to increase
above background levels. Sensitive receivers around
the dredging area may include corals, intertidal and
seabed communities, which may be often susceptible
to increased sedimentation rates (Hodgson 1994),
whereas fisheries are often considered to be more
sensitive to variation in suspended sediment levels.
Realistic prediction of overflow rates is therefore of
critical importance when predicting environmental
impacts. Site investigation provides the required data
for; (i) assessing baseline conditions in and around the
dredging area, and (ii) input into a dredging model. 

Baseline Conditions
Site investigation provides baseline suspended sedi-
ment and seabed sediment data associated with the
natural sediment regime. In areas where benthic com-
munities are adapted to high sedimentation rates, for
example in deltas and estuaries, or disturbance of the
seabed, for example stormy or intensely trawled seas,
it is possible that the impacts of overflowing will be

recognise that utilities not only sterilise the underlying
resource, but a large volume associated with a safety
zone and stable slopes.

When calculating the reserves, the reliability and resolu-
tion of the data should be considered. TSHDs work to
tolerances of several metres horizontally and a metre
vertically. A sub-seabed layer less than 2 m thick should
not be considered, as the horizons are defined to an
accuracy of 1 m and the dredger requires a layer thick-
ness of at least 2 m to make dredging worthwhile.
Irregularities in the horizons also results in the dredging
of unsuitable sediment before the reserve is exhaus-
ted. For the estimates, rock outcrops must be avoided
with a 2 m safety margin due to the risk of damage to
the draghead and the suction pipe. 

Cross-sections through the Area
In order to validate and to improve the model, it should
be possible to generate cross-sections along selected
lines through the area which show all relevant informa-
tion (Figure 6). The offset of all boreholes and other
data points selected should be given, along with the SI
data. It is necessary to have the choice to change the
maximum offset of the data points to be taken into
account for each line. The effect of smoothing the data
can be checked in this stage. PSD data and other soil
properties should be correlated with the units defined
in the assessment.

Slopes
In view of the fact that, especially in deep deposits,
slopes cover a high percentage of the MBA, it is advisa-
ble to quantify the volumes that are found within the
slopes. Therefore the system should be able to genera-
te a borrow pit layout, to a chosen depth, with selected
barter slopes for each soil type, for example 1 in 3 for
sand and 1 in 5 for soft muds. Finally, the volumes for
each of the selected layers within the boundaries of the
selected borrow pit are calculated.

OVERFLOW LOSSES AND ASSESSMENT OF

ENVIRONMENTAL IMPACTS

The environmental impacts associated with dredging
form an important component of an increasing number
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Figure 7. In situ PSD compared with the predicted hopper and
overflow PSDs following dredging of a moderately well-
sorted, medium-grained sand with a typical 8000 m3 TSHD.
The predicted hopper PSD indicates that a significant
proportion of the sub-100Ám sediment present in the reserve
is lost to the overflow and over 60% of the sediment in the
overflow is coarser than 30Ám. The medium to coarse silt and
very fine sand will form a density current which flows down
onto the seabed close to the dredging area. In this type of
sand reserve, overall dredging losses are estimated at 25%.



insignificant. However in areas of low suspended
sediment levels and depositional rates, mitigation
measures should be taken. 

Dredging Model
The dredging process can be simulated using a dredg-
ing model. The dredging model developed by DEMAS
takes into account all dredging parameters, eg. pum-
ping rates, mixture densities, loading level, hopper
configuration and location of overflow, in combination
with the characteristics of the dredged sediments, i.e.
the reserves. The model predicts overflow rates and
overflow PSDs (Figure 7) for the average or the range
of deposits forming the reserves throughout the loa-
ding time. As an example, the sediment losses associa-
ted with the overflow occurring during loading of a
typical 8000 m3 TSHD, are shown in Table I. 

The information obtained from the dredging model may
be combined with a hydrodynamic model and used in
environmental impact studies to ensure that the poten-
tial impacts associated with dredging are assessed and
mitigated through operational restrictions prior to the
beginning of operations. Once a realistic input has been
defined by the dredging model, the plume model
predicts compliance with Target/Action/Trigger (TAT)
levels established for environmental monitoring and
audit. Alternatively, the contractor may propose and
develop mitigation measures throughout the course of
the dredging operation. Mitigation measures must
accommodate all the factors described above and
include working in conjunction with currents (tidal,
oceanic and seasonal), controlling the dredging method
(e.g. minimise overflowing) and restricting the dredging
area. In conclusion, an unrepresentative site investiga-
tion can lead to unexpectedly high overflow losses,
increased depositional rates and elevated suspended
sediment levels. This may result in unacceptable envi-
ronmental impacts and culminate in a restriction of
production rates.

Conclusions

Offshore sands and gravels are finite resources and
have been deposited in fluvial and marine environ-
ments. The sand and gravel bodies are often complex,
superimposed and combine to form resources charac-
terised externally by irregular geometries and internally
by abrupt vertical and lateral compositional variation. 

To assess and understand the variabilty of these
resources and ensure efficient production of high
quality cargoes, a dedicated site investigation should be
designed. An effective investigation will consist of high
resolution seismic profiling, sampling and CPTs, and
designed to define the resource and its limits, together
with the identification of overburden/interburden. 

Following interpretation and the establishment of a
database, the resource and reserve assessment based
on digitised horizons defines the dredging area, volu-
mes and predicts losses. A dredging strategy based on
this data is formulated and, if necessary, an environ-
mental mitigation plan proposed. 

Consequently a well-planned site investigation benefits
both the contractor and the client through the develop-
ment of an efficient and effective dredging programme.
Compared to the cost of developing dredging technolo-
gy, a site investigation is a cheap and cost-effective
investment; it increases confidence in estimation of
production rates, identifies possible sources of delay,
permits dredging of marginal resources and ensures
the quality of the dredged cargo. A thorough, integrated
site investigation will enhance efficiency and hence
profitability, as well as giving the opportunity to effectiv-
ely mitigate against unacceptable environmental
impacts. For these reasons the benefits of site investi-
gation must become the focus of increased scrutiny
within the dredging industry in the future. 

A complete list of references is available from the
authors upon request.
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Payload per trip Sand production Overflow losses Overflow losses
(net sand reserve per week (net per trip (Mg) per week (Mg)
m3) sand reserve, m3)

6,500 200,000 5,000 150,000

Table I. Overflow rates from a typical TSHD with an inboard pump
loading in about 1.5 hours, dredging a moderately well-sorted
sand containing 20% fines (Figure 7) from a depth of 40m and a
cycle time of around 5 hours. The sorting and concentration of
sediment in the overflow does not remain constant throughout
loading. The sediment concentration increases and becomes
increasingly poorly sorted as the hopper fills.



Environmental Aspects of Dredging
Guide 1: Players, Processes 
and Perspectives

Players, Processes and Perspectives
The authors point out that in the field of dredging there
are numerous players, each with a specific role and
each dependent upon one another. Often they pursue
their own, perhaps conflicting, interests in their roles as
either administrator, politician or pressure group mem-
ber. The players may be individuals or organisations,
public or private, with clear objectives concerning the
environment: its quality, financing, technicalities and
various other aspects. Usually they each have their
own definition of the problem, and see their roles as
either cautionary, advisory, dictatorial, or providers of
finance or information. Their viewpoint may be global or
regional, commercial or altruistic. 

To assist these players, who are interacting and com-
municating in a complex environment, this publication
presents a basic framework for a systematic approach
to the environmental aspects of dredging. Those invol-
ved in the contractual, planning and legal aspects of
starting up remedial dredging programmes will find it
particularly useful.

Because of the importance of dredging to our eco-
nomic well-being, and because of the growing aware-
ness of environmental issues as related to dredging,
the International Association of Dredging Companies
(IADC) and the Central Dredging Association (CEDA)
have decided to join forces to develop a series of
publications on ”the environmental aspects of dredg-
ing”. A distinguished Editorial Board, comprising mem-
bers of IADC and CEDA, was established to develop
the concept for this series. The members are R. Nick
Bray, Director, Dredging Research Ltd., United King-
dom; Anna Csiti, Manager, CEDA, Delft, The Nether-
lands; Peter J.A. Hamburger, Secretary General, IADC,
The Hague, The Netherlands; and Gerard H. van Raalte,
Assistant Manager, Hydronamic BV, Papendrecht, 
The Netherlands.

As Nick Bray writes in his Foreword to the Series,
“Dredging is a necessary activity in man’s develop-
ment. In the right circumstances, it may also be a very
useful tool for remedying past environmental inter-
ference. However, by its very nature, the act of dredg-
ing and relocating dredged material is an environmental
impact. It is, therefore, of the utmost importance that
we should be able to determine whether any planned
dredging will have a positive or negative impact on our
environment. Evaluation of environmental impact
should examine both the short- and long-term effects,
as well as the sustainability of the alerted environ-
ment”.

The first guide in the series entitled, Players, Processes
and Perspectives, was written by Mr. Jan W. Bouw-
man and Mr. Hans P. Noppen of AVECO bv, The
Netherlands. Professor Kees d’Angremond of Delft
University of Technology, The Netherlands, and Mr
Jesse A. Pfeiffer, Jr, P.E. of Pfeiffer & Associates, USA
acted as advisors, and the close guidance and construc-
tive contributions of the Editorial Board ensured that
this first book became a concrete reality. It presents a
systematic approach to the decision-making process of
environmental dredging. It covers who is involved in
the decision to dredge, and how and why a decision is
reached.
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Day 1: Why Dredging?
The Need for Dredging/Project Phasing

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

Day 3: How Dredging?
Dredging Projects 

Day 4: Preparation of Dredging
Contract

Day 5: Cost/Pricing and Contracts

Representatives of port authorities, companies, and
individuals interested in attending are requested to
complete the preliminary registration form below as
soon as possible and prior to November 15 1996, 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: February 17-21, 1997
Venue: Boulevard 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 third consecutive year, an
intensive, one-week seminar on dredging and reclama-
tion. Last January’s course met with such enthusiastic
response, that IADC, building on this success, has 
decided to present this seminar again in 1997. The
course will be held at the Boulevard Hotel, Singapore. 
The costs are US$ 2750, which includes six nights
accommodation at the Boulevard Hotel, breakfast and
lunch daily, one special participants dinner, and a gene-
ral insurance for the week. 

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

International Seminar on
Dredging and Reclamation

(please print)

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

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

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

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

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

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

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

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

■■  A Cheque is enclosed.

■■  Please charge my credit card:

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

Account no.:

Expiry date:

Signature .............................................................................................................. Date ................................................
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Seminars/
Conferences/
Events
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 The Socie-
ty’s Benelux Branch and will take place in September
1996. The Symposium’s topics will address key hydro-
graphic 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. 

For further information 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

Ausmarine Exhibition and Conference
Fremantle, Western Australia

November 4-6 1996

Based on the success in 1994, an Exhibition and Confe-
rence are planned in Fremantle, Australia, aimed at
bringing together owners and builders, designers and
suppliers. As at the first event, the idea is both to
promote Australian marine products to international
owners, and to present overseas-sourced products to
Australian owners and builders. 

For further information please contact Baird Publica-
tions Pty Ltd at:
4A Carmelite Street
London, EC4Y OBN, UK
tel. +44 141 353 1085, fax +44 41 353 1084, or
10 Oxford Street
South Yarra, 3141, Australia
tel. +613 9826 8741, fax +613 9827 0704

Maritime Vietnam ’97
International Exhibition & Convention Centre

Ho Chi Minh City, Vietnam
April 16-18 1997

Reflecting the emergence of Vietnam as an important
market and coupled wither her becoming the seventh
member of ASEAN, Maritime Vietnam 97 is co-orga-
nised by the Vietnam Chamber of Commerce and In-
dustry (VCCI) and is supported by the Vietnam National
Maritime Bureau. Following up on the success of the
1996 event, investments are being made Vietnam in
the development of port facilities, deep seaports,
export processing zones (EPZ), ship repair, dredging,
ship and marine equipment and so on. The Vietnam
Maritime & Inland Shipping Exhibition incorporates
Vietnam Port ’97.

For further information contact:
RAI Exhibitions Singapore Pte Ltd
1 Maritime Square, #09-01
World Trade Centre, Singapore 099253
tel. +65 272 2250, fax +65 272 6744

Marine Indonesia
Jakarta International Exhibition Centre

Kemayoran, Jakarta, Indonesia
April 23-26 1997

The expansion and development of Indonesia’s marine
industry is now critical. With increases in container 
traffic and recent deregulation to attract massive priva-
te investiment the time is ripe for expandsion of exist-
ing port facilities and the development of port-related
infrastructure projects. For these reasons, Marine
Indonesia will attract an international audience both as
major exhibitors and as visitors. 

For further information contact:
PT Pamerindo Buana Abadi
Bank Bumi Daya Plaza, Unit 2102, 21st Floor
Jl Imam Bonjol 61, Jakarta 10310, Indonesia
tel. +62 21 325560, fax +62 21 330406

continued on page 32



The first chapter, “Environmental Aspects of Dredg-
ing”, looks at the areas of interest from an abstract
point of view and introduces the concept of a systema-
tic approach with which to deal with the complexities.
In the next chapter, “The Players and Their Perspec-
tives”, the life cycle of a problem is the main focus,
whilst some of the more prominent players and their
field of play are introduced.

The third chapter, “Developing a Systematic Approach:
Remedial Dredging as an Example”, systematically
orientates the key players with the various phases of a
problem’s life cycle. A step-by-step approach is applied.
Remedial dredging is taken as the subject when descri-
bing the field of play. Here the term “remedial dredg-
ing” refers to the selective removal of polluted sedi-
ments from the water bed, with the main purpose of
improving the quality of the locally deteriorated environ-
ment or ecosystem.

The examples and illustrations used reflect the broad-
brush approach that has been taken. Those in the first
two chapters are selected at random from various
viewpoints, whereas in the last chapter remedial dredg-
ing is used as a specific example. Finally the book
closes with an extensive Reference list of other related
publications and publications which have been used as
research sources.

Other Books in the Series
The IADC/CEDA series of publications “The Environ-
mental Aspects of Dredging” is planned to be six
volumes, published over a two year period. It compri-
ses a number of integrated, but stand-alone, guides on
dredging and environmental issues. 
Next in the series will be Guide 2a and b, Codes, Condi-
tions and Conventions, a discussion of the extensive
international framework of legislation relating to dredg-
ing and the disposal of dredged material, which are
regulated by governmental agencies at national level.
Such legislation is constantly changing as scientific
knowledge increases and implementational frame-
works are evolved. All promoters of dredging works
need to be aware of current legal requirements.

In the third guide another urgent issue will be covered,
the beneficial use of dredged material, including
contaminated material. Typical uses such as beach
nourishment for sea defence, the creation of wetlands
for recreation and wildlife sanctuaries, reclamation of
land for commercial and industrial development, and
the improvement of agricultural land will be discussed.

All books in the series may be ordered from the IADC
Secretariat in The Hague. Players, Processes and
Perspectives (36 pp. Illustrated. NLG 25) is available
now.  

Call for Papers
WODCON XV, “Dredging Into the 21st Century”
and Exhibition

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

This announcement is a call for papers for the four-day
technical programme and exhibition with the theme
“Dredging Into the 21st Century”. 
Interested authors should submit a one-page abstract
to the Technical Papers Committee.
Abstracts must be received by October 30, 1997; 
authors will be notified by December 1, 1997; 
final manuscripts must be submitted by March 1, 1998.
For further information contact:
Executive Director, Western Dredging Association
PO Box 5797
Vancouver, Washington 98668-5797, USA
tel. +1 360 750 1445, fax +1 360 750 1445 or
tel. +1 503 285 5521, fax +1 503 240-2209

International Conference on Contaminated Sediments
Congress Centre “De Doelen”

September 7-11 1997

This is the first announcement and call for abstracts for
the International Conference on Contaminated Sedi-
ments. ICCS is an excellent opportunity for govern-
ments, port authorities, the industry and academia to
present and discuss their problems with and solutions
for contaminated sediments. Subjects will include,
national policies and strategies; site investigations; the
fate of contaminants; physico-chemical analysis; risks
and quality criteria; ecological effects, management and
control; treatment technologies (in situ and ex situ);
disposal of dredged material; beneficial uses of dredg-
ed material; and source control strategies.
Abstracts are stricly limited to one A4, must be written
in English and five copies should be sent to the Confe-
rence Secretariat before November 1 1996. Authors
will be notified of the Committee’s decision by
February 1, 1997. The deadline for submission of the
full paper will be May 1, 1997.
For further information please contact the conference
secretariat:

Van Namen & Westerlaken
Congress Organization Services
P.O. Box 1558, 
6501 BN Nijmegen, The Netherlands
tel. +31 24 323 4471, fax +31 24 360 1159
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Africa
Boskalis Togo Sarl., Lomé, Togo
Boskalis Westminster Cameroun Sarl., Douala, Cameroun
Dredging International Services Nigeria Ltd., Lagos, Nigeria
HAM Dredging (Nigeria) Ltd., Ikeja, Nigeria
Nigerian Dredging and Marine Ltd., Apapa, Nigeria
Westminster Dredging Nigeria Ltd., Lagos, Nigeria
Zinkcon Nigeria Ltd., Lagos, Nigeria

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

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

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

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

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

Atlantique Dragage S.A., Nanterre, France
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Baggermaatschappij Breejenbout B.V., Rotterdam, Netherlands
Ballast Nassbaggergesellschaft, Hamburg, Germany
Ballast Nedam Dredging, Zeist, Netherlands
Ballast Nedam Dragage, Paris, France
Boskalis Dolman B.V., Dordrecht, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Oosterwijk B.V., Rotterdam, Netherlands
Boskalis Westminster Aannemers N.V., Antwerp, Belgium
Boskalis Westminster Dredging B.V., Papendrecht, Netherlands
Boskalis Westminster Dredging & Contracting Ltd., Cyprus
Boskalis Zinkcon B.V., Papendrecht, Netherlands
Brewaba Wasserbaugesellschaft Bremen mbH, Bremen, Germany
CEI, Bagger- en Grondwerken, Zele, Belgium
Delta G.m.b.H., Bremen, Germany
Draflumar SA., Neuville Les Dieppe, France
Dragados y Construcciones S.A., Madrid, Spain
Dravo S.A., Madrid, Spain
Dredging International N.V., Madrid, Spain
Dredging International N.V., Zwijndrecht, Belgium
Dredging International Scandinavia NS, Copenhagen, Denmark
Dredging International (UK), Ltd., Weybridge, United Kingdom
Enka-Boskalis, Istanbul, Turkey
Espadraga, Los Alcázares (Murcia), Spain
HAM Dredging 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
Sider-Almagià S.p.A., Rome, Italy
Skanska Dredging AB, Gothenborg, Sweden
Sociedade Portuguesa de Dragagens Lda., Lisbon, Portugal
Sociedad Española de Dragados SA., Madrid, Spain
Società Italiana Dragaggi SpA. “SIDRA”, Rome, Italy
Société de Dragage 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 1996
Through their regional branches or through representatives, members of IADC operate directly at all locations worldwide.
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