
ID. TECHNICAL PAPERS

8



ENVIRONMENTAL EFFECTS OF DREDGING OPERATIONS

INTRODUCTION1.

The environmental effects of dredging may be divided into a number of categories
which either relate to the overall project of which the dredging is a part or to the dredging
and/or reclamation operation itself.

This paper will mainly deal with the direct effects of dredging operation and highlight
only a number of issues which are caused by the overall project.

The field visits to nine countries in the ESCAP region revealed that there is much
awareness of the effects of dredging on environment in all those countries. Most of the
countries have legislation to govern the environmental effect of human activities. However,
the implementation of the legislation and the translation into practical guidelines for the
enforcing agencies are not always available.

In addition, it will be a major task for the enforcing agencies to train the staff to be
in a position to police and enforce the legislation.

Furthermore, a backlog is found with many Environmental Protection Ministries and
Departments in the approval of projects. In most countries it is the environmental department
that verifies whether new developments meet the criteria set by the government with respect
to the environmental impact.

Unfortunately, many of these departments both lack the skill and the manpower to
check the plans and judge the effects of the new development. This situation often delays
projects and creates unnecessary resistance against the environmental issue in various
departments.

Therefore it is of utmost importance that all departments have a set of criteria
themselves for the determination of environmental effects of projects initiated in their own
areas of interest.

2.

ENVIRONMENTAL EFFECTS OF PROJECTS

Projects typically have an effect on the environment at the project location itself
because the area is cleared and installations are built.

Agricultural areas may be transformed into residential or industrial areas or residential
areas may be transformed into industrial areas. Any change of the use of the land will have
a long term effect on the environment influenced by the new utilization.

Presented by Klaas Doms, Project Coordinator, Dredging, Engineering and Management Studies (DEMAS),
Netherlands
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3.2 SUSPENDED SOLIDS

The dredging disintegrates the soil and depending of the dredging method some of the
soil spills back into the surrounding water. The spill occurs partly near the bottom where
some of the disintegrated material is not taken up by the transporting tool, the suction head
in case of a suction dredger or a grab or bucket.

The material dredged may also be spilled on its way from the bottom to the watersurface. 
Suction drudgeries can not release such material in this way but grab drudgeries and

bucket drudgeries do.

Suction drudgeries will have a greater release of sediments if a hopper barge is being
loaded. The soil water mixture is pumped into the hopper, the soil settles and the process
water is released into the surrounding water. However, the process water may still contain
suspended sediment and this sediment will be released with the process water, through an
overflow. The percentage of material released and the characteristics of the material released
depend on the soil characteristics in situ and the dredging process adopted.

Since the overflow is released at or near the water surface it is very visible and attractsthe 
attention of the public. Furtheffi1ore, the suspended solids may affect nearby beaches;spawning 

grounds of marine species and coral communities.

In Hong Kong a number of surveys have been carried out to trace the development ofplumes 
generated by the suspended solids released through the overflow of trailing suction

hopper drudgeries when dredging sand. The survey revealed that the plumes decay quite
rapidly and that the colour of the water is no good yard stick to measure the concentrationof 

suspended solids. The concentration of suspended solids decayed much faster than colourof 
the plume. Within a distance of about 100 m of the dredger the concentration of suspendedsolids 

near the surface ranged from 75 to 150 mg/l. The concentration had decreased by about
50% within 10 minutes and to 20 to 30 mg/l within 30 minutes.

3.3 RELEASE OF CONTAMINANTS

When dredging contaminated sediments special care has to be taken that nocontaminants 
are released in the water column. Since in most cases the contaminants areadsorbed 

to the fines in the sediment this objective is best served by preventing the fines frombeing 
released in the water column.

When contaminants have adsorbed to the fines on the journey down river the
concentration is mostly not high enough to break the binding between the soil particles and
the contaminants. However, if the pH or the salinity of the water changes the binding might
be broken and the contaminants released separately from the sediments. This may happen if
the contaminated material is brought above water and exposed to the air or when it is
disposed of in a different environment than where it is dredged.

The release of fines can be reduced by dredging carefully or applying special dredgingtechniques.
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An important mitigating measure to minimize the adverse effect of contaminated
sediment is to reduce the volume to be dredged. Extra care in establishing the demarcation
between clean and contaminated material often reduces the volume of material to be dredged.
This by itself results in a reduction of the effect at the recipient side of the contaminatedmaterial. 

A major problem in the process of dredging contaminated sediments is the disposal
site, because few or no disposal areas are available. Smaller tolerances at the dredging sitewill 

greatly reduce the overall impact of a dredging project.

Dredging techniques with a small tolerance require equipment with better
instrumentation and also the surveys need to be carried to narrower tolerances and more
frequent than a general dredging project would require. It is to be realized that smaller
equipment can work in protected waters with smaller tolerances than large equipment and that
such small projects may best be executed with small equipment. It should be appreciated thatthe 

dredging with such specialized equipment will be much more expensive than when a large
dredger is used on a general dredging project.

3.4 DISSOL VED OXYGEN CONTENT

In Hong Kong on all major dredging projects the Dissolved Oxygen content (DO) ismeasured 
around the borrow area. However, no summarized data is available about the result

of all the measurements taken.

It may be expected that whilst dredging with overflowing the DO increases because
air is entrapped in the process water and this will mix with the surrounding water. However,
if the suction mouth is taking up the material at greater depth in a layer of low oxygen
content the process water will have a low dissolved oxygen content as well and when that
water is released again it may lower the DO in the surrounding water.

4.

ENVIRONMENTAL EFFECTS OF DREDGING OPERATION

ADVERSE ENVIRONMENTAL EFFECTS

Interference 

with traffic

Dredging as an activity may interfere with regular activities in the dredging area. The
drudgeries may work in a shipping lane and depending on the type of dredger, hamper thetraffic. 

A pipeline running from the dredging area to the disposal area occupies land and
causes a loss of productivity in farmland due to the traffic along the line and the occupation
of land itself. Drudgeries and transport barges sailing from the dredging area to the dump site
or to the reclamation area intensify the traffic and may cause extra delays for ships waiting
for locks. Commercial ships then may choose another route which is longer and therefore
requires more fuel and time.

Stationary dredgers in general interfere more with other shipping than trailing suction
hopper dredgers. Anchor wires, a floating pipeline to the shore or barges moored alongsidethe 

dredger reduce the channel width and thus form an obstacle to traffic. Such obstacles may
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be the reasons for conflicting situations and collisions and therefore increase the chance of
spillage of cargo or injury to people.

A proper navigation aids system with advance signals for the dredging works and clear
signals on the dredgers will help reduce the chance of conflicts. Mariners should be warned
about the dredging works in notices to mariners, by lock operators, by signs along the shore
and finally by the signals on the dredger itself. All these messages need to fit into an
internationally accepted system to prevent misunderstandings.

The dredger crew for its part, whether on a stationary dredger or on a trailing suction
hopper dredger, always has to be on the alert for other ships. Since they have the latest
soundings of the area and know where they have already dredged, they have the opportunity
to reduce the risks to passing ships.

4.1.2 Noise pollution

Dredgers have powerful engines and many heavy machines on board which are noisy.
This noise may be music for a dredging man, but is considered as noise pollution by people
passing by or living in the neighbourhood of a dredging site. Silencers on engines and better
greasing of rolling parts can reduce the noise level. Bucket chains of bucket dredgers are well
known for their characteristic noise. Some companies reduced the noise level considerably by
improving the roller bearings and by capping the bucket chain. It is still sometimes necessary
to stop the works at night because of the noise level, especially near residential areas.

Apart from direct noise, vibrations also travel far through water and cause problems
with people living along the waterfront. A trailing suction dredger had to reduce speed when
passing a town along the river because the windows of the houses along the river vibrated to
heavily due to the vibrations induced by the ship's propellers.

Turbidity4.1.3

Turbidity of the water surrounding a dredging project is often the major cause of
environmental impact of dredging in a natural environment.

The impact of turbidity works through a number of aspects:

The fines dispersed in the water travel outside the dredging area and settle.
This may cover the flora around the dredging area and may kill part of the
flora.

a)

b) The turbidity reduces the penetration of light into the water and thus changes
the circumstances for flora and fauna near and on the bottom.

After the dredging, a layer of fine material (settlement) will cover the bottom
and thus the conditions of life change, both for flora and fauna.

c)
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Nutrients embedded in the dredged material will become available for the
ecosystem, which may cause algae to blossom.

d)

The marine life in the dredging area may flee because of the changes in
availability of food and cover.

e)

Some of the changes only occur during the period of dredging while other changes
influence the ecosystem for a long period afterwards.

The turbidity generated by the dredging must be seen in relation to the turbidity which
results from natural causes, the so-called background turbidity. Stationary flow conditions and
the flow climate (tidal areas and density flows) cause this background turbidity. Storms and
variations in the discharge of rivers will even increase the level of turbidity in the natural
situation and thus increase the background turbidity.

The turbidity caused by other human activities should be added to the natural turbidity.
Effluent discharges and navigation generate turbidity which might be of the same magnitude
as the turbidity caused by the dredging. In areas where such high background turbidity levels
exist, marine life is already adapted to the situation by natural selection and the dredging
activity may hardly change the situation. In some cases even the opposite may happen. An
intensively used shipping channel where ship propellers continuously disturb the bottom
usually has a high turbidity. After the dredging the ship propellers do not influence the bottom
anymore and the water becomes clearer. Although the short-term effect is that the turbidity
increases during the dredging, the long-term effect is a decrease of the turbidity level.

It is essential to evaluate the acceptability of the turbidity, specially with regard to the
water quality and the quality of the bottom sediments. The functions of the dredging area and
its direct surroundings are very important to make a proper assessment. A harbour basin in
an industrial area asks for different standards compared to a watercourse in a recreational area
or in a natural sanctuary. The multi-functional use of the water bottom after the dredging,
which should be the basic philosophy of most projects, is not always necessary or feasible in
an industrial area.

With regard to turbidity, the following groups of factors are important: those related
to the nature of the subsoil, those related to the dredging technique used and those related to
the hydrodynamics and water quality.

Flora 

and fauna

4.

4

Dredging is a way to restore a natural situation in wetlands and marshy areas. Many
old moors with all their different and special types of flora and fauna deteriorate due to the
fact they become dry land. Dredging such areas restores a situation where nature in all its
variety can flourish again.

Lakes have been created in the past to use sand for the building industry and for
reclamation. In those days no restoration stipulations were imposed on the concession holders.
Very deep holes in lakes may cause problems with seasonal changes in temperature of the
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water. Due to the change of temperature the water turns upside down in the lake and water
with a low oxygen content comes on top of water with a high oxygen content. Since the top
layer forms the habitat of many species, these suffocate and die. Filling such deep spots and
reducing the differences in depth over the lake prevents this process and gives a better chance
for survival of the fauna.

REMOVAL OF POLLUTED SEDIMENTS4.2

Recently, a number of projects have been initiated in which the removal of
contaminated sediments has been the major objective. Such projects have a different impact
on the environment compared to normal dredging projects. The turbidity caused by the
dredging as such is not the major threat to the environment but the pollutants attached to the
soil particles may cause a detrimental effect.

In many cases ship propellers and currents or waves disturb the water bottoms. Species
living in the top layer of the water bottom and just above the bottom also continuously disturb
the water bottom. Pollutants in the water bottom can then travel into the water column and
may be transported to locations downstream of the polluted area. Dredging such water
bottoms and disposing of the dredged material in special containment areas will reduce the
environmental effects; and the hazards to people's health. If dredging is not carried out, ship
propellers and currents or waves continue to disturb these polluted sediments. Removing the
polluted sediments by dredging has a positive environmental impact.

5. PREDICTION AND EVALUATION OF EFFECTS

5.1

ASSESSMENT OF THE IMP ACT OF THE DREDGING OPERATIONS ON THE
ENVIRONMENT

Environmental impact assessments (EIA) are becoming more and more common. The
World Bank and other funding agencies nowadays require an EIA for all their major projects,
since protection of the environment has become a major political issue. Too many projects
have been evaluated taking into consideration only economical and technical parameters.
However, a thorough environmental impact assessment must incorporate an assessment of the
economical impact of a project, the physical and chemical condition of the area, the flora and
fauna and the human effect.

In previous paragraphs, it was indicated that dredging, like any other project, has an
impact on the environment. The magnitude of the impact, of course, depends on the scale of
the works. For this reason one should also realise that the extent of the investigation is not
always the same. The points to be considered for an EIA are given. One should assess for
every project, in a feasibility study, the scope and the size of the EIA.

A complete environmental impact assessment study should describe following items:

(a) A description of the ''as is" situation before the project starts in the area
influenced by the project.
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(b) A description of the proposed project and its influence on the environment
after completion.

A description of the works and actions to be carried out to implement the
project.

(c)

Cd) A description of the probable impact of all works and actions described
relating to:

(i) The biological equilibrium, including:

the 

global ecosystem;the 
continental ecosystem;the 
national ecosystem;the 
regional ecosystem;the 
fluvial ecosystem; andthe 
human ecosystem.

a.
b.
c.
d.
e.
f.

The non biological equilibrium, including:(ii)

a.

b.c.

d.e.

f.
g.
h.

J.k.m.n.o.

p.

morphology;

sedimentology;
water quality;
hydrology and hydro-geology;
air quality;
socio- economic factors;
landscape;
land use;
visual intrusion;
nOIse;
employment;
infrastructure;
energy resources;
hazardous situations;
recreational activities; and
political opinion,

(e)

The 

possible beneficial environmental effects of the project;

(f)The 

possible adverse environmental effects of the project;

An evaluation of the effects of various execution methods during the
implementation period of the project;

(g)

(h) An evaluation of the effects during the period the project is used;

(i) An evaluation of the effects of demolishing a structure at period of
construction;
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G) An evaluation of the (ir)reversibility of impacts;

(k) The range of primary, secondary and tertiary impacts (direct or indirect) of the
project;

(1) An evaluation of alternatives to the project; and

(m) A proposal for remedial actions to reduce the impact of the project.

Not all of the items indicated above need to be completely investigated for every
dredging project. A small sensitivity analysis of the parameters influencing these items may
give a good indication which are most important. Another choice could be to state that
projects of a certain magnitude, such as project value or dredging quantity, requires an EIA.

Samples should be taken and analysed if the dredging work is to be executed in an
area where in the past industrial activities could have contaminated the material to be dredged.
A global study of human activities upstream of the dredge location and in the surroundings
of the dredge location will give a first idea of the pollution of the water bottom. A few
samples, e.g. in the neighbourhood of an old industr~al outlet, will give an idea of the type
and degree of contamination. Depending on the outcome of the analysis of these samples a
decision can be made on the scope of the environmental impact study. It mayor may not have
to include aspects related to handling contaminated dredged material.

PERSONNEL SAFETY

6.6.

INTRODUCTION

Dredging equipment is often built to satisfy the classification of an international
organization such as Veritas and the safety standards for industrial installations by government
authorities. For seaworthy dredgers the classification institute requires strength and stability
of the ship to be satisfactory. Furthermore, these institutes require specific safety equipment
to be available on the dredger. These precautions refer, however, to the dredger as a ship and
not as a dredger. Ministries of Social Affairs and labour organizations have their own safety
bylaws and instructions for work on industrial equipment. Dredgers have for that reason all
kind of provisions to protect the employees against normal dangers in the workplace.

Smaller dredgers mostly have no classification and therefore their crews are protected
by general protective regulations.

6.2.

PERSONNEL PROTECTION

The safety of personnel also extends to the protection of the human body itself.

A first precaution is hygienic behaviour of the people dealing with the contaminated
material and authorized visitors to the project site.
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Washing hands after working with or having contact with the contaminated material
is essential. Taking off boots or shoes before entering a clean area is another important rule.

The body has to be protected against skin contact with an overall without pockets on
the outside. Pockets in an overall could be filled with dredged material and this would still
result in skin contact. Rubber boots to protect the feet and the legs and gloves to protect the
hands are required.

The eyes and face can be protected with a splash mask or by spectacles. The nose and
mouth can be covered with a special mask with a filter. This to prevent the inhalation of
vapours or splashes. On projects or in areas where the concentration of vapours or gases ishigh, 

inhalation could endanger the human body, the face mask should then contain a carbon
filter.

If the employees have to carry these masks with a carbon filter, they should be given
ample resting time after every one or two hours work.

A medical check of all employees before the start of the project would satisfy the fact
that one is in a good condition and allowed to work. One needs to be in a good physical
condition to work on such projects and show no allergic or sensitive reactions to one or more
of the contaminants present in the dredged material.

All people working on or visiting the project site should be informed about the specialconditions 
that prevail on the site and get proper safety instructions and training.

In the Netherlands a few projects are under execution where the objective is cleaning
the water bottom and not deepening the waterway. In a confmed harbour basin where the
bottom is polluted with heavy contaminants quality control is very strict. People visiting the
project even have to sign a statement that they will not endanger the project and strictly
follow the instructions of the management.

6.3

FACILITIES 

ON BOARD OF THE DREDGER

Working with contaminated material requires special provisions to protect employees
against the adverse effects of the dredged material.

The project site should be fenced or in some other way guarded against unauthorizedvisits 
of people not working on the project. Vessels should not be accessible by unauthorizedpersons.

Contaminants are specified as harmful because they endanger health through physical
contact with the human body. Such contact may occur during the dredging work through
inhalation, oral intake, or skin contact.

This is the reason that any contact between the human body and the contaminated
material needs to be restricted or prevented as far as practicable. Contact with the dredged
material normally occurs through splashing the material on the body, through touching tools
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that have been in contact with the material, or through the spray caused by jets. It is rare, but
not impossible, that certain vapours or gases evaporating from the dredged material fill the
aIr.

Safe working conditions can be guaranteed if the employees and visitors are protected
against these hazards. The type and degree of contamination, of course, ~ictates whether all
or part of the above is applicable or not.

The first precautions are of a hygienic nature; no food or drinks should be ingested
in places where the contaminated material is processed. This means that the dredgers ought
to have a clean area, cabin and mess room, for the employees to rest, eat and drink and/or
smoke. Between the working area and the mess a cleansing area should be provided to take
off the working clothes and boots. On projects where the air can contain hazardous gasses or
vapours, gas masks should be available and the quarters should have air filters and excess-
pressure facilities. Also control rooms and engine rooms should be protected with the same
type of safety precautions.

The working method has to be adjusted to prevent spraying and splashing.

Since the barges are not allowed be loaded to the rim of the hopper, overflow of the
material in the hopper is rare. In any case, the barges should be modified to keep any spill
away from normal navigation work places.

Living on board barges when they work on a project with contaminated material is out
of the question.

TRAINING 

REQUIREMENTS7.

DREDGING CLEAN SEDIMENTS

7.1

Dredging projects have always been carried by skilled people who know their job.
Employees have usually started at the bottom of the ladder and gained experience over the
years.

During the boom in the 1960s when contractors were faced with huge quantities of
hard soils to be dredged, science became more important. Not only did research departments
need a scientific approach but also carrying out the projects required well-trained people. The
new dredgers, vastly bigger and more complex, required people who knew how to work with
electronic devices and computers. As with most industrial processes, dredging equipment
becomes ever more complicated.

The dredging industry responded to this trend by initiating dredging schools. In these
schools, pupils learn the theory behind dredging practices.

Dredging can now be studied from secondary level up to university level. All aspects
of dredging can be studied, not only the design of dredgers from a mechanical point of view,
but also soil mechanics, hydraulics and hydrographic surveying are taught. Recently
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environmental dredging has been added to the curriculum.

DREDGING IN CaNT AMINATED SEDIMENTS7.2

The dredging of contaminated material places experienced people suddenly in a
position in which they do not know how to proceed. Environmentalists call on them because
they believe that all dredged material is contaminated. On the other hand they hear from their
company that the material they dredge is not harmful at all. Nevertheless, they are taught to
be more careful about the environment and to take precautions when working with
contaminated soils.

In the Netherlands, all people involved in dredging, from the authorities to site
superintendents and dredging crews go on a one-day introduction course about environmental
dredging. In this course, everybody is trained to be careful with dredged material, not only
on projects where the client tells that the dredged material has been polluted, but on all
projects.

The old habit of a lot of dredging people to taste the dredged material to judge the
quality should be changed. Many instruments are available nowadays to perform the tests
more accurately and with less harm to the human body.

Personal hygiene and the proper use of protective clothing to protect the body against
contact is advised.

Dredging crews have always been told that productivity is the one and only yardstick
for their performances. In environmental dredging, likewise with projects where quality
assurance is important, quality is also a yardstick.

The one-day course aims at changing attitudes in the dredging world from being a
production-minded to a quality- cum production mentality.

Before a dredging project in contaminated material starts all people enlisted to work
on the project have to attend a briefing. This briefing informs the employees about the special
risks, the security plans and the organization of the project in hand.

General courses for dredging in contaminated material are not yet available.
Nevertheless, most dredging courses have a number of lessons dealing with the subject of
environmental dredging.
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ENVIRONMENTAL EFFECTS OF DISPOSAL OF D REDG ED MATERIAL

INTRODUCTION

1.

The environmental effects of a dredging project may be divided into a number of
effects which either relate to the overall project of which the dredging is only a part or to the
dredging itself.

This paper will mainly deal with the effects of the disposal of dredged material.

In order to dispose of dredged material the material need to be transported from the
dredging area towards the disposal area. In this paper a number of transporting methods will
be compared.

The dredged material can be disposed of on land or in the water inshore or offshore.
Various disposal options with the pros and cons will be discussed and cross sections of
disposal pits presented.

The release of the process water in the surrounding water is also discussed.

2.

EFFECTS RELATED TO THE TRANSPORT OF DREDGED MATERIAL

2.1

PIPELINE TRANSPORT

Pipelines are commonly used to transport dredged material from the dredging area to
the disposal site.

The pipeline occupies a narrow strip of land for itself and a strip of land to lay and
inspect the pipe over the full length. Road and water crossings may lead to some restrictions
in the size of other traffic, but normally such crossings are designed to allow for the passage
of all regular traffic.

The energy consumption of pipeline transport is rather high due to the fact that not
only the dredged material itself but also the carrying fluid, water, needs to be transported. The
actual energy consumption to pump the mixture over a certain distance depends on the
diameter of the pipe, the effective grain size diameter, and the density and velocity of the
mixture. Figure 1 presents the energy consumption for a density of 1,300 kg/m3 and a mixture
velocity of 20 percent above the critical velocity. It gives the energy consumption for a range
of pipes from 0.10 m to 1.90 m and average grain sizes ranging from 0.100 mrn to 3.200 mrn.

Presented by Klaas Corns, Project Coordinator, Dredging, Engineering and Management Studies (DEMAS),
Netherlands
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Figure 

1.

Energy 

consumption for pipeline transport

GriMn size [nvn]

It is important to transport the mixture with a velocity above the critical velocity tosafeguard 
the pipeline against blockage.

The energy consumption for this transport could be expressed in a number of units.
A proper indication would be to present it as the energy required to transport 1 m3 of sand
at a density of say 2,000 kgim3 over a distance of I km. The energy consumption is expressed
in kJ/(m3.km) for sand with a density of 2,000 kgim3.

Energy consumption given in the figure is valid for straight dent-free pipes which are
properly connected. In case the pipeline contains many road- or water- crossings the resistance
in the required bends and other irregularities have to be added.

Wear and tear in a pipeline depends on the grain size distribution of the sand pumpedthrough. 
In coarser material, the wear may go up to 1 mm per one million cubic metres ofmaterial 
pumped through. In such material the pipelines are usually turned regularly to spreadthe 

wear over the whole circumference of the pipe. Replacement of pipes is an important issue
when talking about the environmental impact of different alternatives of working methods.

Air pollution by the engines driving the pumps adds to the environmental impact.
Much attention nowadays is given to improve combustion and so reduce pollution.

2.2

WATER TRANSPORT

Transporting dredged material by ships and barges is possible when rivers or channelsare 
available from the dredging area to the disposal area. In some cases it is necessary tocombine 

water transport with pipeline or road transport in case ships cannot enter the dredging
or disposal area.

Water transport consumes less energy than any of the other means of transport which
have been discussed. Transport of material by conveyor belts has not been considered in this
comparison. Figure 2 shows the energy consumption for water transport related to the size ofthe 

ship in m3.
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Figure 2. Energy consumption for water transport.
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The grain size of the soil has no influence on the energy consumption to transport the
dredged material. In fact coarser material settles better in the hopper, thus reducing overflow
losses. Consequently loading coarse material takes less time than loading fine material and
will also consume less energy.

The grain size of the dredged material hardly influences the wear and tear on the ship
and the hopper. Only if big boulders or lumps of rock have to be transported this may cause
dents in the hopper, however.

Transport of dredged material by barges is best if the material is dredged by a bucket
dredger or grab dredger and/or the distance is long and the watercourse is suitable for the
passage of the barges. Unloading the ship is easiest done by dumping the material through
bottom doors. The energy consumption for dumping is negligible. Unloading the ship by a
grab crane or a reclamation dredger adds to the energy consumption of barge transport. This
is the reason why for short distances pipeline transport may still be beneficial compared to
water transport.

Due to low energy consumption and high efficiency of the modem engines, water
transport causes little air pollution compared to pipeline and road transport.

2.3

ROAD TRANSPORT

As with transport by water, transporting the dredged material by road is not affected
by grain size in the consumption of energy. The benefit of road transport is that it requires
little preparation and one can distribute small quantities to different sites. The dredged
material needs to be comparatively dry, within a maximum water content of 15 to 20 percent
by volume for sand, before it can be loaded on a truck. Depending on the percentage of
organic material and the grain size distribution of especially fine sands, silts and clays, the
minimum water by solids ratio may be 40 to 60 percent by weight. After the dredging the
material has to be deposited on a re-handling site to remove the water. This can also be done
by processing the sand through de-watering sieves. Then the material needs to be picked up
again to load the truck which also consumes energy.
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Figure 3. Energy consumption for road transport
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The transport of dredged material by road has a high energy consumption and wear
and tear on the road system is quite heavy. The trucks themselves shows little wear and tear
due to the dredged material, unless the material contains boulders or stones.

Air pollution is due to the high fuel consumption and the number of times a truck
shifts gear quite high.

Another adverse aspect of heavy trucks travelling on normal roads is noise pollution
and safety. Road transport has the highest human casualty rate of all modes of transport.

Figure 4 shows a comparison of the energy consumption for the three modes of
transport of dredged material, road, pipe and water. It is clear that water transport is most
economic. Rail transport, which is also sometimes used for transport of sand or other
minerals, has a slightly higher energy consumption than water transport. The energy
consumption for transport of sand and water mixtures still depends on the grain size of the
material to be transported (figure 1). The energy consumption for the pipeline is valid for sand
with a grain size of 225 microns and a mixture density of 1,300 kg/m3.

Figure 4. Energy consumption comparison for road, pipeline and water.
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EFFECTS OF DISPOSAL OF MATERIAL IN WATER

3.

DISPOSAL IN RIVERS AND ESTUARIES

3.1

If a dredging project is executed to increase or maintain the cross-section of a river
or a channel, the dredged material has to be disposed off. For economic reasons a short
transport distance and the subsequent utilisation of the dredged material is beneficial for the
environment. However, due to costs and constraints with respect to the allocation of disposal
sites onshore, the material is often dumped in deep spots in the rivers or branches in the
estuaries.

Figure 5. Dumping of dredged material in pits.

The dumping of the dredged material will result in shoaling of the dumping area and
thus change the currents. The effect will be that vegetation, if present, will be covered by the
dredged material and marine life will die or flee the area. During the period of execution of
the project, the dumping area will therefore lose value as a habitat. The quantity of material
dumped and the size of the dumping area used determines, together with the variety in the
ecosystem, how long it takes before the system recovers. The new equilibrium depends on the
newly created limiting conditions.

Dumping 

of dredged material within hoods.

Figure 

6.

Dumped 

dredaed material~Dam
r-,

The method of execution of dumping can influence the impact of the dumping outside
the actual dumping area. Due to turbidity, density flows and river currents, part of the
material dumped will end up outside the dumping area. On some occasions the dredged
material is spread over as vast an area as practicable. In other situations, for instance whilst
dumping contaminated material, settling Qutside the dumping area needs to be limited.

The side-casting method is often applied to spread the material over a wide area. An
example is dredging bars in river crossings. The dredger just lifts the material from the bottom
and jets it directly back into the water. The current in the river transports the material to
deeper spots where it will settle. Viewed from the point of view of energy consumption, this
is a very good method. Considering the turbidity, however, it is not such a good method. The
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overall impact on the environment depends on the existing variety in the ecosystem and the
background turbidity in the area. Rivers like the Yamuna in Bangladesh, the Yangtze in China
and the Ganges in India have already such a high background turbidity and transport so much
bedload that the effects of any dredging is hardly noticeable.

In situations where turbidity must be limited a system to discharge the material close
to the bottom of the river or the pit may be applied. Trailing suction hopper dredgers may be
able to discharge their load through their suction pipe or they might connect, through their
shore connection, to a floating pipeline ending in a diffuser-system. The diffuser will be
located near the bottom at the end of a pipe which hangs from an anchored pontoon.

The dumping of the dredged material through the bottom doors often limits its spread.
Especially when the dump-pit is deep, compared to its surroundings, this is still a good and
speedy solution.

Careful attention should be paid to the presence of intakes of drinking water or
irrigation water. Intakes for cooling water for power plants and refineries also pose restrictions
on turbidity.

Fishing grounds for oysters and other shellfish as well as other fish may limit the
maximum turbidity in a river or estuary. In China fishermen had to be compensated for loss
of productivity of their oyster-beds caused by increased turbidity. A re-handling pit in Deep
Bay, Hong Kong, had to be separated from its surroundings through a floating skirt.

3.2 DISPOSAL AT SEA OR IN AN OCEAN

The problems with dumping dredged materials at sea or in the ocean are similar to
dumping in an estuary. Extra complications are the depth of the dumping site and the
possibility that dredged material containing fresh or brackish water is dumped in a saline
environment.

Dumping the material in deep water increases the chance that the material is spread
over a vast area due to currents. The fines especially settle very slowly and may be spread
over huge areas. The effect of the settling material will diminish as a function of the distance
to the dumping site.

Dredged 

material dumped on the seafloor.

Figure 

7.

Dumped dredged material

The effect of dumping dredged material containing fresh or brackish water in a saline
environment depends greatly on the circumstances near the bottom and the distances to a river
outlet. If the area is already influenced by material coming from a river, for instance during
high discharges of the river, the ecosystem adapts to such changes. In deeper spots, farther
from the shore, the natural bottom is often very loosely packed and dumping may have a
considerable impact. The loosely packed saline bottom material then will be mixed with the
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dumped material containing fresh water. This will change the living circumstances in and near
the bottom for all living species. The overall impact on the environment depends on the area
of the dumping ground compared to the whole of the area. Furthermore, it depends on the
variety in the ecosystem at the dumping point. It is better to dump at locations where the
variety is already limited at the start of the project.

Of course, the overall impact depends on the scale of the operation. The quantity of
fresh water entered, per dredging cycle, into the area may be small compared to the volume
of water in the area. The impact may even not be measurable.

4

EFFECTS 

OF DISPOSAL OF MATERIAL ON LAND

4.

DISPOSAL ON LAND

The disposal of dredged material on land is one of the most commonly used methods.
Dredged material is disposed of on land with two objectives. The first is that a landowner
wants to raise his land by using dredged material. The second is that the landowner has to
accept the dredged material, because the dredged materials originating from the maintenance
of a watercourse need to be stored.

In the first situation the reclamation is often carried out because of a change in the use
of the land. If agricultural land is changed into a residential or industrial area, the land needs
to be levelled and in low-lying areas also raised above water-level. The environmental impact
of the dredging then has to be taken into account in the general EIA study for the
development of the area. The benefits of reclamation by using dredged material have to be
compared to other means. The differences may be found in the factors that depend on the
working method. To make a choice, one should consider several factors for each reclamation
system, i.e., energy consumption, air-pollution, noise pollution, effects of the discharge of
process water, the possible impact on the area around the reclamation area and the effects inthe 

borrow area.

Figure 

8.

Disposal 

on land: schematic.
Dredged material

The second objective is the necessity to deepen or widen the watercourse, or maintain
its original dimensions. The environmental effect then is part of the consideration whether the
maintenance of the function of the water course has a beneficial or adverse effect on the
environment. If the deepening or widening is considered necessary, then the method of
carrying out has to guarantee a minimum effect on the environment.

The disposal of the dredged material has to be regarded from the point of view ofpossible 
future use of the occupied land. Disposal areas normally have a flat profile, thus
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reducing the topographic features. In a naturally developed landscape this will mean a
reduction in the variety of the ecosystem. As such, it will have a negative impact on the
environment. In the case where the area is already designated as residential or industrial, the
disposal itself hardly contributes to the adverse environmental effect. If the material mainly
consists of fines the consolidation can be accelerated by making ditches by an amphirol or by
disc-wheels (figure 9).

Figure 

9.

Disk-wheels.
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Eventual changes in the water-table in the area and the effect of such changes on the
ecosystem need to be carefully evaluated. The extra load on the surface of the area will cause
settlement of the underlying layers and may squeeze out thin impermeable layers. The
connection of two water-bearing layers may lead to leakage of salt water into fresh water.
Also anaerobic water in one layer could be exchanged with aerobic water in another layer.
The effects of such changes on the ecosystem, in the long run, have to be evaluated.

If the dredged materials, taken from irrigation or drainage channels, is placed on the
adjacent land this will have the positive effect of returning fertile fines and washed-out
nutrients back to the agricultural land. If the dredging is done in the proper season this will
contribute to the yield of the harvest and it reduces the quantity of fertilisers required.

4.2 DISPOSAL NEAR SHORE IN DIKED CONTAINMENT AREAS

The disposal of dredged material on land may have a positive or a negative effect onthe 
environment. Dredged material is often used to reclaim wetlands. Since wetlands have a

high ecological value, because of the variety in systems, such reclamation is considered tohave 
a negative environmental impact. However, if such an area is already earmarked to be

an industrial area, which is to be reclaimed, dredging is a good way to effect the reclamation.Beaches 
may be reinforced by reclamation with marine fill and artificial marshes created

(figure 10).
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EFFECTS OF RELEASE OF PROCESS WATER5.

The process water of a dredging project is taken in at the suction mouth of the dredger
or in the bucket of a bucket dredger or a grab dredger. This water has the same properties as
the water around the dredger. The water mixes with the dredged material and is transported
to the disposal area. On the disposal area the dredged material settles and.the water has to be
disposed of. Depending on the time elapsed between the mixture entering the disposal area
and the time the process water leaves the disposal area, some of the finer particles will remain
suspended. If this process water is disposed off in the dredging area this will slightly increase
the turbidity in the area. In situations where such an increase in turbidity is not acceptable,
the settling time in the disposal area needs to be increased. This can be done by increasing
the dimensions of the disposal area, by making compartments, or by adding a siltation basin.
An alternative solution is to add flocculants to the water.

In many situations the water is disposed of next to the disposal area. This is acceptable
if the water quality in the watercourse is not affected by the water flowing out of the disposal
area. It is also acceptable if the fines are sufficiently trapped in the disposal area and the
watercourse is part of the same system as the water in the dredging area.

In a watercourse where the natural silt content is already high, the environmental
impact of the discharge of the process water is negligible. However, in a river with clear
water, the discharge of process water will, through the decrease of penetration of light, change
the limits of potential variety. In natural environments this may have a great impact while in
industrial areas, where the ecosystem is poor already for other reasons, the impact is
negligible. For every situation the potential impact needs to be evaluated. Choosing the correct
period of the year, e.g. when marine life is inactive, may reduce the impact considerably.

In situations where the dredged material is contaminated special measurements have
to be taken to avoid that the contaminants will discharge with the water.

PREDICTION AND EVALUATION OF EFFECTS

6.6.:

ASSESSMENT OF THE IMPACT OF DISPOSAL ON THE ENVIRONMENT

The effect of the disposal of dredged material has to be evaluated in the total
environmental impact assessment of a project. If dredging is executed as part of a general re-
development plan, the disposal of the dredged material may be negligible in the overall
project.

However, if the dredging is executed for the deepening of a navigation, drainage or
irrigation channel, the environmental impact of the dredging is an important factor to be
considered in the EIA.

In such an assessment the items described in the paper on the environmental impact
of dredging should be considered. Special attention has to be given to the effect of changes
in the ground water level during the execution of the reclamation and in the long run both in
the disposal area itself and in its surroundings.
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6.2 THE LONDON DUMPING CONVENTION

The official name of the so-called London Dumping Convention (LDC) is the
Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter.

In the LDC the contracting parties, all nations, undertake to limit and control the
disposal of waste into the open sea. The LDC was ratified by 15 nations, the so-called
contracting parties, in 1975. The LDC has a number of annexes which give lists of specific
wastes and substances that can be dumped only after special provisions have been instituted.

For dredging, some special guidelines have been issued to cope with the special status
of dredged material.
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SPECIAL PROBLEMS ON DREDGING AND
DISPOSAL OF CONTAMINATED SEDIMENTS

1. BACKGROUND INFORMATION ON CONT AMINATED SEDIMENTS

When do we call sediments contaminated? Simply put: when due to the activities of
men, such large quantities of one or more waste products have entered the sediments, that
owing to this detrimental, harmful or damaging effects occur.

Already in the 16th century it was known, that neither healthy nor toxic chemicals
exist. It is the concentration of a chemical that determines if a chemical is toxic. Toxic simply
means "too much". Some substances/chemicals, like Dioxines, are harmful at very low
concentration levels. Other chemicals, like sugar or salt can be consumed daily at large
quantities without causing any problems.

This means that when we talk about contamination, we do not only refer to certain
chemicals, but also to the concentration levels of these chemicals. The excessive presence/-
availability of nutrients can be harmful as well. Also in these cases (with nutrient rich
sediments) the sediments are considered contaminated.

1.1

NATURAL CONCENTRATION LEVELS AND CONTRIBUTIONS BY MEN

The continental crust is the most important natural source of matter (dissolved,
particulate and gaseous) in water. Matter is added to the atmosphere and rain water by
weathering processes and volcanic activities. So, as a result of natural processes compounds
are present in the aquatic environment. These compounds are called "natural compounds". The
concentration of these natural compounds under natural conditions is often called the reference
or background concentration.

The background concentration of natural compounds is defined as the concentration
that could be found in the environment in the absence of any human activity.

Nowadays in many places around the world rock weathering and atmospheric
deposition are not the only sources adding matter to river water: pollution is also an important
source. Human activities not only add man-made compounds to the environment, but also
enormous amounts of natural compounds. These activities have led to increased concentration
levels of many compounds in the atmosphere, waters, soils and sediments. This additional
component is called the anthropogenic concentration (fig. 1).

Presented by Ronald W. van Oostrurn, Senior Project Manager, Applied Dredging Consultancy B.V. (ADC),Netherlands
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Figure 1: Concentration axis of a natural compound (background concentration) showing
the present concentration is increased by human activities (anthropogenic
concentration).

The natural background values are the starting point in assessing the levels of
contamination. These background values will vary, depending on the location in the world.
In the Netherlands these values have been assessed, on the basis of over 100 years old
sediment samples, for two well known categories of compounds: heavy metals and organic
compounds.

Table 1 (ref. 1) gives Dutch heavy metals background values for both fresh and salt
water sediments. From the analyses of these old sediment samples, it appears that also well
known hazardous compounds, like Mercury and Cadmium are natural compounds and
naturally present in the environment.

Table 1: Background values of heavy metals in Dutch sediments (ref. 1)

In sediments there is always a certain amount of organic material present. This
originates from living and dead plants and animals. This natural material is not considered a
pollutant, but more as something that naturally belongs there.

This in contrast to the so-called organic micro-pollutants, like pesticides,
hydrocarbons, PCB's, etc. These compounds form togetner with the heavy metals the most
important group of contaminants. Within the framework of this lecture paper contamination
refers to chemical contamination of these two groups only.

The majority of the organic compounds are man-made (e.g. pesticides, PCB's, etc.).
Therefore the natural background values are zero.
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The P AH' s, Polycyclic Aromatic Hydrocarbons, form a separate group of organic
micro pollutants. These chemicals are natural compounds as well. Based on old river
sediments in the Netherlands the background values of individual P AH-chemicals in sediments
range from 1 to 30 JLg/kgds. A review of the quantities of P AH compounds in old sediments
of the river Rhine are given in table 2.

Background concentrations of natural compounds in European rivers, sea water,
atmosphere and mussels have been published by the Dutch Directorate-General of Public
Works and Water Management in 1992 (ref. 2)
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Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo( a )pyrene
Benzo(ghi)perylene

Table 2: Background values of PAH in Dutch Riverine sediments (ref. 1)

FORMATION OF CONTAMINATED WATER BEDS

1.2

Many rivers transport large quantities of sediments (sand and silt). Because rivers have
always been considered and used as a simple and cheap way to dispose of waste products
some rivers also transport a lot of contaminants. A part of these contaminants are dissolved
and will finally end up in the sea. Another part of the discharged contaminants will bind to
the suspended matter particles, especially to silt particles and organic matter. An insignificant
part of the contaminant will be bound to the sand particles.

At places were the suspended matter is deposited, contaminated sediment layers are
formed. Only the very small particles (and the dissolved contaminants) will continue their
voyage to the sea. In this way the suspended matter can be seen as the carrier of the
contaminants and the main cause of the formation of contaminated water beds. Besides the
supply of contaminants, the supply and transport/removal of sediments playa crucial role in
the formation of the contaminated water bed. For without sediments, there will be no
sedimentation and thus no contaminated water bed.
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Depending on the rate of sedimentation the contaminated layer can differ in thickness.
Depending on the level of contamination the sediment quality will differ. These type of
contaminated water beds often cover vast areas.

The sea can also transport large quantities of sediments to the ports and fairways along
the coast. These marine sediments can be composed of sand and silt. In .most cases, due to
the lack of large sources of contamination and the dilution effect at sea, this type of sediment
is hardly ever polluted.

Due to the presence of local sources of pollution (e.g. port related activities) or by
mixing of contaminated river sediments with marine sediments a part of the marine silt can
get contaminated as well. In this way salt /brackish contaminated water beds are formed.

By dumping waste products directly on the sediments contaminated waterbeds can be
created as 'well. This can be both at designated dump sites and at illegal dump sites. The
material can consist of pure chemical waste, but it can also consist of contaminated
sediments/soils. These type of contaminated water beds usually cover a limited area and are
surrounded by areas with clean sediments. However, the boundaries of the known dump sites
are not always very clear. This can be due to lack of suitable positioning equipment or
recording of dumping positions. Dump sites however can also be affected by local currents,
which may transport the dumped material far beyond the original dump site boundaries.

1.3

CONSEQUENCES OF CONTAMINATED WATER BEDS.

In recent years, the consequences of water bed contamination are becoming very clear,
especially in the highly industrialised countries. The most striking consequences, which will
be discussed here after, include:

effects on the ecological functions of the water bed;
effects on the possible use by men of the water bed and the related water

system;
future risks related to the possible spreading of contaminants to ground water
and surface waters;
the hinder the contaminated sediments can cause to ship traffic and water

drainage.

Affecting 

the ecological functions

The water bed forms a very important part of the aquatic ecosystem. The type of
sediment present determines to a very large extent the types of plants and animals living in
and on the bottom. The presence of contaminants has a large effect on the local flora and
fauna (death, diseases, deformations). With increasing concentrations of contaminants at first
the number of species present will decrease. Some species are more sensitive/vulnerable for
certain contaGlinants than others. Of the remaining species the total number of individual
organisms will increase. However with even higher pollution levels, gradually the number of
individuals and the number of species will decrease. With severe types of pollution there will
be no living organisms left in and on the bottom and the bottom is completely dead.
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Limitation on usability

The rather shallow water beds and also the temporary inundated soils/sediments can
have a function in the field of: nature reserve, recreational area, as agricultural and/or as life-
stock area. Many of these shallow water beds are in use for commercial fisheries (e.g.
mussels, eel, oysters, etc.), whereas at other locations valuable minerals can be mined/dredged.
All these uses by men can be limited or even made impossible due to the presence of
contaminated sediments. There are many examples to illustrate the above. At many places in
Europe due to the presence of contaminated sediments the growing of vegetables is no longer
allowed. Due to too high concentration levels of contaminants a part of the shellfish and fish
catches have been declared unsuitable for human consumption.

Future risks related to possible spreading of contaminants

Due to many years of sedimentation of contaminated sediments many millions of m3' s
of contaminated sediments are now laying on the bottoms. These contaminated areas form
both important sinks and sources of contamination, as the contaminants can move through the
sediments to the ground water and to the surface waters. Especially in areas where ground
water is used or will be used for drinking water, this will result in possible risks to public
health.

Hindrance to shipping traffic and drainage

When, for shorter or longer time intervals, the current velocities are small, transported
sediments will settle. In water systems with a drainage function and in fairways and ports this
is most often undesired. By means of dredging these sediments can be removed.
Uncontaminated sediments can be dredged without problems as the dredged materials can be
spread on land, or dumped at other locations in the aquatic environment (either fresh or
marine). However there are strict laws and regulations for the disposal of contaminated
sediments. In the Netherlands and many other countries in the world, contaminated sediments
have to be stored in specially designed depots. In recent years, due to a shortage of suitable
storage facilities, many maintenance dredging projects were blocked. The direct results are:
hindrance to shipping and water drainage.

1.4 IN SHORT THE mSTORICAL DEVELOPMENTS IN THE NETHERLANDS

It is well known that studying history, offers you a way to learn from mistakes made
in the past. The Netherlands being a highly industrialized country is in the forefront of dealing
with contaminated sediments. It might be beneficial to learn from our history, the mistakes
we have made and the costly problems we are now facing.

Until the 19-sixties, industries discharged about everything they wanted to get rid of
via the rivers. In combination with unpurified discharges of municipalities this resulted in
practically dead river systems. There were no environmental laws or regulations in these days,
not in the Netherlands nor in the surrounding countries. A large part of the contaminated
sediments that was transported via the river systems was deposited in the Netherlands.
Consequently large parts of the Dutch water beds became severely contaminated.
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As more became known of the negative effects of contamination measures were taken
to reduce the discharges of waste products in the river systems. At the moment more than
90% of all industrial and municipal waste water is purified, before it is discharged in the
flvers.

Water quality has improved considerably and so has the quality of the sediments that
are presently being deposited. An example of the improved quality of recently deposited
sediments is given in figure 2. '-

Historical 

development of sediment quality in lake Ketelmeer (river Rhine
sediments), source: Rijkswaterstaat, Ir. H.J. Winkels.

Figure 

2:

Besides laws and regulations for reducing the discharge of contaminants severalactivities 
in relation to contaminated sediments were initiated:

Classification system

To be able to determine the levels of contamination in the sediments, a classification
system was developed. At present 5 classes of contamination are distinguished:

Class 0:
Class I:
Class II:

Clean sediments
No risk level of contamination
Slightly to moderately contaminated
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Class III:
Class IV:

Moderately to severely contaminated
Very seriously contaminated

This 

classification system is discussed in more detail in section 2.

Nation wide site investigations

To assess the quality of the Dutch water beds as well as the quantity of the
contaminated sediments extensive investigations have been carried out. It was found that clean
sediments are hard to find. A large part of the contaminated river sediments have accumulated
in the large sedimentation areas at the end of the river basins. The river sediments generally
contain a mixture of all kind of compounds. In areas which do not receive sediments from the
main river systems single type pollution can be found.

Policy towards the formation, removal, dispersion, treatment and storage of
contaminated sediments.

Although reductions of the discharges of contaminants in the rivers have already
resulted in improved water quality and this improved water quality will in due course lead to
improved sediment quality, contaminated sediments (Class III and IV) are still being formed.
The solution to the contaminated sediments problem must therefore be found in furtherrestrictions 

on discharges of contaminants to water and air. If water and air pollution is not
considerably reduced, treatment and storage of contaminated sediments will remain an ongoingand 

costly problem in the far future.

As reductions of emissions and discharges will only on the longer term lead to results,
it is evident that for the coming two decades removal, treatment and storage of contaminated
sediments will have to be accepted as a necessity (open sea/ocean dumping is not considered
an acceptable solution by international law). At present only class IV type sediments areremoved 

for cleanup purposes, but removal of class III type sediments is being considered.

One of the objectives of the present policy is not to disperse contaminated sediments
in the environment. Therefore the first step to be taken is to investigate whether treatment and
subsequent reuse of (part of) the dredged material is feasible. Only if this is not feasible (or
too expensive) storage under strict guidelines is to be considered.

In view of the above Rijkswaterstaat (Ministry of Transport and Public Works)
stimulates and sponsors research projects and pilot studies dealing with removal, treatment andcleaning 

of contaminated sediments.

At the present state of the art and in view of the costs involved, it is expected that
from the total quantity of dredged contaminated sediments (:I: 250 million situ m3 class II, III
and IV over a period of 20 years) only 20% will be treated for reuse purposes. The rest (over
200 million m3) will have to be stored in permanent depots. To date several new depots arebeing 

designed to cope with this problem.

The cost for dredging and storage of the class II, III and IV type sediments isestimated 
at 2 -3 billion US$, which is approximately 125 -185 US$ for each of the sixteen
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million inhabitants of the Netherlands. This does not yet include the costs of treatment of part
of these sediments.

Like all pollution problems this is a clear example of "pollution prevention pays".
Or like in our case if we do not prevent pollution we will have to pay a very high price
afterwards (up to 10 billion US$ on contaminated sediments only).

SITE INVESTIGATIONS AND CLASSIFICATION OF CONTAMINATEDSEDIMENTS

2.

Well prepared and executed site investigations form the basis for successful dredgingprojects. 
At this point it must be stated that dredging of contaminated sediments differs

considerably from normal maintenance dredging projects. Due to the presence of pollutants
in the sediments both the aims and the nature of these projects differ from normal
maintenance dredging jobs.

With maintenance dredging the basic aim is to safeguard the nautical/target depth,whereas 
with cleanup projects the basic aim is to remove a body of contaminated sediments.

In fact a mining project better resembles the removal of contaminated sediments than amaintenance 
dredging project does. Consequently the predredge site investigations differ

considerably from the ones carried out for maintenance dredging projects as well.

The most significant differences between a maintenance dredging project and theremoval 
of contaminated sediments are reviewed in section 3.

GENERAL APPROACH TO SITE INVESTIGATIONS

2.1

INITIAL SITE INVESTIGATIONS

In view of the high costs sampling and laboratory analyses it is understandable, thatinvestigations 
for water bed clean up are carried out in phases. Generally three researchphases 

can be identified. In sequence of execution these are: the initial site investigations,the 
detailed site investigations and finally the clean-up investigations.

The initial investigations are the first and maybe the last investigations aimed atassessing 
the quality of the water bed at a certain location. It is therefore of great importance

that the right conclusions are drawn from the results of this type of investigation. This is onlypossible 
if proper care is taken of the planning, execution and interpretation of this research.

The aim of the initial site in~estigations is to roughly assess the nature, the
concentration levels and spreading of one or more contaminants.

Whenever possible the basis of the initial investigation is formed by a historicalreview. 
From existing data and information a lot can be deducted in relation to possible

contamination of the sediments. Are discharging industries present in the vicinity (or have
they been present); have sites in the vicinity been studies in relation to contamination; is
information available regarding dredging or disposal activities, etc.?
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The topography of the bottom is also studied during this investigation. Is the bottom
more or less a flat surface or are clear level differences present. The latter can be an
indication of the existence of erosion or sedimentation areas, or the presence of currents
induced channels. Deeper areas can also be an indication of past excavations, whereas shallow
spots can be an indication of past dumpings.

Only after a (as complete as possible) picture of the local situation is available,
activities can start for the drafting of the research strategy. Research strategy focuses ondetermining:

the number of samples to be taken
the locations within the study area where the samples must be taken
the compounds that need to be investigated.

With the Initial site investigations, one or more mixed samples are composed. Each
mixed sample consists of 6 individual samples. The sampling positions should be situated in
such away, that the samples taken contain silty material (largest change on finding
contaminants). The total number of samples will depend on the dimensions of the study area.
In case it is a large area in which spatial variability is expected; it is better to divide the area
in a number (minimal 3) sub areas. Per sub area one or more mixed samples can be
composed. Subdividing in smaller study areas can be based on current direction, discharging
points and differences in sedimentation in the area.

To assess the area of impact of a discharging location generally 4 mixed samples are
taken. The individual samples should be distributed in such away, that three mixed samples
represent three zones of contamination. The size of the study area should be large enough to
ensure that the affected area is located within the study area. Besides, one mixed sample is
composed of 6 individual samples from outside the affected area. This sample is to be
considered as representative for the normal (background) situation in this area.

As far as the assessment of the horizontal spreading is concerned, sampling the top
layer (:J:: 6 cm) is sufficient. In case there is an interest in learning more about the history of
the contamination, a thicker sediment layer can be sampled.

Sampling in relation to Initial site investigations requires the composition of at least
three mixed samples. With these type of general investigations all mixed samples will be
analysed on the basis of a complete parameter list (the Dutch parameter list given in table 3).

After the field and laboratory works have been completed, the data can be processed
and the results will show whether or not the area is contaminated.

DETAILED SITE INVESTIGATIONS

When it is clear, based on the results of the Initial site investigations, that seriously
contaminated sediments are present, a detailed investigation will have to be performed.

The aim of the detailed investigations is to get an answer to the question: Are the
contaminated sediments a serious thread to public health or the environment (in the sense of
the law).
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mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds
mg/kgds

.Ph
.Percentage organic matter of dry matter
.Percentage calcium carbonate of dry matter
.Dry matter
.Remains after heating 600 °C
.Grain size distribution:

percentage < 2 JLm; < 16 JLm; < 63 JLm;
< 125 JLm; < 210 JLm and> 210 JLm

.Petroleurnhydrocarbons

.Extractable Organic Chlor (EOCL)
.HEA VY METALS:

-Cadmium
-Mercury
-Copper
-Nickel
-Lead
-Zinc
-Chromium
-Arsenic

.ORGANOCHLOROPESTICIDES:
-Hexachlorobenzene
-a- b- and c- HCH,
-Hexachlorobutadiene
-Aldrin
-Dieldrin
-Endrin
-Telodrin
-Isodrin
-Pentachlorobenzene
-Heptachlor
-Heptachlorepoxide
-a- and b- endosulphane
-p.p. and o.p. DDE, DDT, DDD

.PAH's: POLYCYCLIC AROMATIC HYDROCARBONS:
(The so-called "16 of EPA ")

-Fluoranthene
-Benzo{b )fluoranthene
-Benzo(k)fluoranthene
-Indeno(123cd)pyrene
-Benzo(a)pyrene
-Benzo(ghi)perylene
-Naftalene
-Acenaftalene
-Acenafthene
-Fluorene
-Phenanthrene
-Anthracene
-Pyrene
-Benzo(a)anthracene
-Chrysene
-Dibenzo(ah)anthracene
-Sum 16 of EPA

.PCB's: POLYCHLORINATED BIPHENYLS:
(The so-called "PCB's of Balschmieter")

-nr 28; or ~; or 101; or ~; or 138; or ~ 180

Table 3: Dutch standard parameter list for sediment quality assessment.
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Map material:
.Topographic maps, nautical maps,

geomorfological maps, current maps,
geohydrological map, aerial photographs

Information on spreading
.Sediment movements (erosion,

sedimentation)
.Consolidation information
.Layer thickness and historical

developments
.Water quality, especially suspended matter
.Quantity of suspended matter
.Grain size distribution of the sediments
.Presence of salt water

The source:
.Discharging pennits & indo process info.
.Age and continuity of the source
.Nature of the source (pointsource or

diffuse)
.Position of the source
.Quantities of contaminants (both total and

time-based)
.The specific forms in which the

compounds exist
.The characteristics of the compounds

(sorption, solubility)
.Resolutions to minimize discharges

Site information:
.Current and tidal information
.Factors affecting spreading (shipping,

sluice water)
.Present and past dredging activities
.Former sand pits and channels
.Current directions of ground and surface

water
.Housing areas, agricultural and industrial

activities
.Attached functions

Visual information at the area

Information related to the expected distribution
of the contaminants:
.Results of previous investigations
.Quality information on previously dredged

material
.Results of model calculations on spreading

Table 4: Checklist for data collection regarding contaminated sediment investigations.

The detailed investigations comprise:

The assessment of the nature, concentration levels and spreading of the
contaminant( s).
The assessment of the risks of exposure to the contaminant(s)
The assessment of the risks of spreading of the contaminant(s)

Within this lecture paper the risks of exposure and spreading are not discussed. They
do however play an important role in the decision making process of what to do with these
sediments.

The following guidelines are taken from a Dutch Rijkswaterstaat report on detailed site
investigations (ref. 3):

A detailed investigation should be carried out, when based on the results of the Initial
investigations it is clear that the sediments are contaminated to a level above the so-called
warning value (see classification system in section 2.2).

This indicates that previously samples have been taken and analysed. It also implies
that available information has been collected and studied. Table 4 gives a checklist of relevant
information that might be useful, when present.

An important part of this type of investigation is the assessment of the bottom layers
and its physical composition. This can be achieved by studying geological, sediment and
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topographic maps of the area. In case this information is not present, a hydrographical survey
is to be carried out and some core-samples have to be taken to describe the sediment layers
present. Based on the layers present and the historical information a general picture of the
contamination can be made. Based on the results of the hydrographic surveys, sedimentation
and erosion areas can be identified (especially in ports and fairways).

As indicated in the checklist the data-/information collection includes existing
information with reference to:

the sources of contamination;
ways of spreading
local environmental characteristics;
already observed effects.

Information on sources, the results of the chemical analyses of the Initial investigations
and knowledge of the environmental characteristics form the basis for the compound selection
and the sampling strategy.

During the detailed investigations the compounds present (and their concentration levels) as
well as their horizontal and vertical spreading should be assessed.

In planning these type of investigations, the sampling pattern, the representativeness
of the sampling locations, the sampling depth, the expected layer thickness, the choice of the
compounds to analyse and the sampling method, are important elements.

The sampling pattern

The spatial variability of the quality of the sediments can vary strongly from one place
to the other. A general indication of this spatial variability can be deducted from the
information collected. The larger the spatial variability the larger will the number of samples
have to be. Areas with more or less homogeneous distributions of the contaminants can do
with considerable less samples than is the case for heterogeneous distributions. In the latter
case subareas should be identified for investigation purposes.

Sampling depths

The sampling depth is cJosely related to the aim of the investigations. In case research
is to focus on the so-called life layer of the sediments (bottom flora and fauna), sampling can
be restricted to the top 5 or 10 cm.

However in case of a possible cleanup location, deeper samples have to be taken. In
these cases at least three samples will have to be taken (see figure 3):

A)
B)

a sample of the top layer (0 to maximwn 50 cm) of the sediment;
a s(Ullple (maximwn 50 cm) of what is likely the lowest part of the
contaminated layer;
a sample (maximwn 50 cm) of what is likely the top part of the
uncontaminated layer underneath the contaminated layer.

C)
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With very thick layers of contaminated sediments additional samples within the
contaminated layers (or for each identifiable layer) should be taken.

0
water
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Q,)
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Figure 3: Sampling sediment layers for assessment of contamination.

Whenever possible sampling should be based on bottom structure (identified layers).
In practise this implies that sampling for analyses from sediment cores, should not be based
on preset sampling intervals, but on layers identified during the description of the coresamples. 

Most of the time it is very easy to identify different layers within a core sample.

Compounds to analyse

When the main compounds of the contaminated sediments are known each sample
should be analysed on the bases of a few (at least two) selected (representative) compounds.
Besides the contaminants each sample should be analysed for a number of so-called fixed
parameters, like grain size distribution, organic matter, dry solids, etc. (see table 3).

CLEAN-UP INVESTIGATIONS

After the decision has been made to clean a certain area, the investigations for the
actual clean up can start.

The aim of these investigations is to determine in which ways cleanup can be executed.
These type of investigations are not oriented towards the presence of the contaminated
sediments but towards the possibilities of clean up.

A first step is to determine if the contamination can be treated at the spot or that the
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sediments will have to be removed. Treatment at the spot can include isolation of the
contaminated sediments or applying cleaning techniques. Little practical experience has been
gained with these techniques in the Netherlands.

In case the sediments have to be removed, it should be investigated, if the sediments
can be completely or partly treated or cleaned. If this is not possible (or too expensive),
investigations have to be done in relation to dumping/storage of the contatninated sediments.
In many cases additional site investigations will have to be carried out in relation to the

excavation process (contract documents, etc.).

ASSESSING 

THE LEVEL OF CONTAMINATION2.2

CHEMICAL EVALUATION

When sediment samples are sent to a laboratory for analyses a selection will have to
be made regarding the compounds and characteristics to analyse.

From several years of practical experience it is well known which compounds or
groups of compounds form the most important contaminants in the Netherlands. The Dutch
Rijkswaterstaat (Ministry of Transport and Public Works) has drafted a so-called standard
parameter list, which is given in table 3. This list contains the compounds and characteristics
which should be analysed in any way (Initial site investigations). In special cases, specific
(locally known contaminants) will be added to the list.

The methods used to analyse the given parameters have been standardised (NEN-
Standards). This enables the comparison of analysing results from different laboratories.

DUTCH CLASSIFICATION SYSTEM

To evaluate the level of contamination a list of reference values have been drafted by
the Dutch Government. These values can be used for direct application in management of
aquatic sediments. They are not rigid values, but are subject to changes based on new

ecotoxicological insights.

Three 

types of values have been set:

Quality Objective 2000. This is a minimum standard, it is believed that it can
be realized by the year 2000.

Warning value. If this value for a quality parameter has been found,
additional research in the area will be necessary, e.g. detailed site
investigations.

Test value. This is specifically used to judge the environmental acceptability
of the dumping of dredge spoils.

The values for aquatic sediments in the Netherlands are listen in table 5.

44



EV ALUATINGffESTING THE SAMPLES

The values for sediment pertain to the content in sediment in the water bed, converted
to standard sediment. The standard sediment contains 10% organic matter and 25% lutum
(clay).

Conversion allows application of the norms to sediments of different composition. The
reason for conversion lies in the fact that contaminants usually stick to the finer fractions inthe 

sediment. So it is perfectly normal for sediment of a fine texture and with a high organic
content to show higher concentrations of potentially hazardous compounds compared to coarse
sand.

This 

conversion to standard sediment is done in the following way:

Heavy metal concentrations

Heavy metal are found accumulated in lutum and in organic substances; the locally
measure contents can be converted to contents in standard sediment, using the followingformula:

=C* 

(a +b *25 +c *10)

(a +b *lutum +c *OrganicMatter)

c,

'::O/T

ith:

Crorr : content in standard sedimentC 
: locally measured contenta, 

b, c : constants depending on the element, these values are given in table 5
lutum : locally measured lutum content as percentage of dry weightOrganic 

Matter: locally measured organic matter content as percentage of dry weight

Now the adjusted values of the measured contents, Croff' can be compared with the
standards for standard sediment as shown in table 6. The validity of the formula requires an
upper limit of the organic matter content of 30%.

Organic Micropollutant concentrations

Organic micropollutants are found accumulated in organic substances, not in the
inorganic clay fraction. The measured organic micropollutant contents can be converted to
contents in standard sediment by means of the following formula:

10

c =c*-
COlT OrganicM atter

Ccorr : content in standard sediment
C : locally measured content
Organic Matter: locally measured organic matter content as percentage of dry weight
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Now adjusted values of the measured contents, CrofT' can be compared with the standards
for standard sediment as shown in table 6. The validity of the formula requires a minimumpercentage 

of organic matter of 2% and an upper limit of 30%.
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0.02
0.04
0.04
0.04
0.04
0.04
0.3
0.02
0.02
0.02
0.02

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

73333333

3
3
3
3
3
3
3
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0.3

0.2

0.20.050.050.050.050.050.050.05

0.05

0.05

0.05

0.05

0.05

0.05

20.80.80.80.80.80.80.80.8

0.8
0.8
0.8
0.8
0.8
0.8
0.8

0.03

0.2

0.10.4

.METALS:
-Cadmium

-Mercury
-Copper
-Nickel
-Lead
-Zinc
-Chromium
-Arsenic

.ORGANOCHLOROPESTICIDES:
-Hexachlorobenzene
-a- b- and c- HCH,
-Hexachlorobutadiene
-Aldrin
-Dieldrin
-Endrin
-Telodrin
-Isodrin
-Pentachlorobenzene

-Heptachlor
-Heptachlorepoxide
-a- and b- endosulphane
-DDE, DDT, DDD

.PAH's (The "16 of EPA")
-Fluoranthene
-Benzo(b )fluoranthene
-Benzo(k)fluoranthene
-Indeno(123cd)pyrene
-Benzo(a)pyrene
-Benzo(ghi)perylene
-Naftalene
-Acenaftalene
-Acenafthene
-Fluorene
-Phenanthrene
-Anthracene

-Pyrene
-Benzo(a)anthracene
-Chrysene
-Dibenzo(ah)anthracene

.PCB's:
-each nrs 28, 52, 101, 118, 138, 153, 180
-Sum PCB's (7)

0.004

3000
7

5000
20

1000.Petroleumhydrocarbons
.Extractable Organic Chlor (EOCL)

Dutch quality values for aquatic sediments; concentration in sediment in PPM(mg/kgds). 
Values are based on standard sediment, containing 25 percent lutumand 

10 percent organic matter. Adjustments of the values to local sedimentcompositions 
can be found in the main text.

Table 

5:
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Table 6: Constants A, B and C (see main text).

DREDGE SPOIL CLASSIFICATION

Dutch water authorities use a classification system, where dredged spoils are graded into
classes of contamination, that correspond to the kind of treatment to be given to them. These
classes are coupled to the three reference values indicated above:

Class I spoil is of a quality equal to or better than the general environmental quality:
quality objective 2000. It can be dispersed in the aquatic environment, as long as no
worsemng occurs.

Class II spoil is of a quality falling between the test value and the general
environmental quality (quality objective 2000). It can, under certain conditions and depending
on the local situation, be dispersed or utilised in water. An important principle here is that no
worsening of the quality of the aquatic sediment must occur in the area concerned.

Class III spoil, lying between the warning value and the test value should, where
possible and sensible, be stored under ISM (Isolate, Store and Monitor) conditions; the
strictness of conditions depends upon the degree of pollution of the spoil.

Class IV spoil is of a quality equal to or worse than the warning value for sediment.
It must be stored under strict ISM conditions. This means controlled dumping on land or in
deep under water pits.

TRIADE APPROACH

As indicated above the level of contamination is assessed on the basis measured
quantities of compounds (chemical analyses). However, this method results in a limited view
of the seriousness of the contamination.

The chemical analyses only leads to limited information (total quantity) on a relatively
small number of compounds. All other compounds present are excluded completely. The
chemical analyses does not give an indication of the so-called biological availability of the
compounds. There is no link with changing environmental conditions in space and time.
Finally there is no information on the combined effects of contaminants.

47



To get a more complete picture of the contamination present the so~called TRIADE
method can be applied. This method combines three complementary types of investigations.
Besides the common chemical analyses, ecological surveys (flora and fauna) and bioassays
are carried out.

The aim of the ecological surveys is to assess, if at the area of investigation differences
occur in relation to kind and number of species present, the number o( individuals of each
specie, and the presence of deformations at individual species.

Bioassays are carried out in a laboratory. With this type of investigations test species
are exposed to sediment samples or pore water samples. The results are an indication of the
biological availability of contaminants. An additional advantage of the use of bioassays it that
it offers a chance for sorting different sediment samples according their effect on the test

organIsms.

2.3

ECONOMICALLY CHARACTERIZING A CONT AMINATED SEDIMENT SITE

Every remediation dredging project is different and it is therefore very difficult to give
detailed guidelines on characterizing a contaminated sediment site. However some important
lessons have been learned.

The early history in remediating sites with contaminated soils or sediments is a story of
substantial project cost overruns, due largely to inadequate soil or sediment sampling and
consequent failure to identify the extent of the contamination. This has been true of Superfund
projects in. the United States. It has also been true of other sediment remediation projects in
the United States and the Netherlands. On early Dutch remediation projects it was common
to economize on pre-dredge site investigations by spending less than 0.5 percent of total
project costs. The consequence of this economizing were insufficient information about the
location of contaminated sediments and considerable over-expenditures of the total project
cost.

With much remediation work yet to be started, it is fortunate to have these early
examples from which to learn lessons that will hopefully improve the economy and
sufficiency of future projects.

In the paper by Keillor and van Oostrurn (ref. 4) it is demonstrated that the sampling
needed to adequately describe a contaminated sediment site for purposes of remediation should
be driven by the economics of efficiency and sufficiency. This approach will lead to the
lowest overall project cost.

The high costs of sediment remediation require the remediation of only the sediments
that need remediation. Remediation of "clean" sediments is a waste of money. The costs of
sampling to distinguish "clean" from "toxic" sediments are justified by the costs saved in not
removing (and dealing with) clean sediments unnecessarily. This is the economics of

efficiency.

A substantial financial investment in sediment remediation also requires the remediation
of all of the sediments that need remediation. The investment must produce the desired
results. The costs of the sampling needed to locate all of the sediment needing remediation
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are justified by the successful achievement of complete remediation. This is the economy of
sufficiency.

Aim of the investigations

It should be remembered that site investigations are not a one time activity or a goal on
their own. It is only a way to get information for the next step of the project. Depending onthe 

status of the project the characteristics of the investigations will change. The following
scheme illustrates the investigations of a typical remediation project:

A phased execution of the site investigations may seem cumbersome (several
investigations in the same area), but will lead to considerable cost savings in the end. Forexample: 

if capping of a contaminated site is considered to be the most appropriate
remediation option, it is not necessary to assess in full detail the boundary between the
contaminated layer and the clean sediments underneath (which will be necessary if thecontaminated 

sediments are going to be dredged). The remediation option chosen will havea 
considerable effect on the characteristics of the site investigations.

3.DREDGING 

PRACnCES ASSOCIATED WITH CONTAMINATED SEDIMENTS

Why new developments, new or adapted dredging tools, new dredging methodologies,
new dredging methods? Are these kind of projects so different from normal maintenance
dredging works, that special tools and technologies have to be developed? Yes and no. Onething 

is clear however: "These are not normal maintenance dredging jobs". (ref. 5 & 6).

3.1~

After a number of pilot projects had been executed, it was clear that remediationdredging 
projects are not normal maintenance dredging projects.

The 

attention during the initial pilot projects (1989 -1991) was focused on:

Complete removal of the contaminated sediments, in order to get a clean waterbed 
after dredging.

Minimal 

spill and minimal resuspension, in order not to spread the contaminated
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sediments.

Minimal 

process water to be added, in view of the limited disposal capacityavailable.

Measures taken included the use of a silt screen around the dredger, closed grabs on thedredgers 
and no overflow from the barges.

Due to the focusing on complete removal of the contaminated sediments (which was
regularly checked by sampling), much less attention was paid to the accuracy of dredging.Dredging 

was carried out like any normal maintenance dredging project be it with special
attention on minimizing turbidity and spill. In order to get a clean bottom and due to lack of
accurate monitoring systems, considerable overdredging was carried out. Overdredging is an
accepted and normal element of maintenance dredging, where the basic aim is to safeguardthe 

nautical/target depth. With dredging of contaminated sediments overdredging leads to
unnecessary high project costs.

The most significant differences between a maintenance dredging project and theremoval 
of contaminated sediments are reviewed in table 7.

The necessity of high accuracy dredging (or limiting overdredging) can best beillustrated 
by a comparison of tolerances and m3-cost of three types of dredging projects, e.g.maintenance 

dredging, rock dredging and dredging contaminated sediments.

With maIntenance dredging vertical tolerances may vary from 20 to 50 cm, whereas in
rock dredging, which is more expensive, vertical tolerances are limited to 10 cm (0 cm above
and 10 cm below the design profile).

The more expensive the dredging the smaller the tolerances will be. As table 8, whichgives 
a cost-comparison of these three types of dredging projects, shows, the total m3-price

for contaminated sediment is even considerably higher than that of rock.

Even if treatment of the contaminated sediment is postponed till suitable techniques have
been developed, its (estimated) cost still forms a part of the total m3-price. Treatment will
eventually have to be done (at least for part of the material) and its cost should therefore be
added to that of dredging and storage:

In view of the high total m3-price for contaminated sediments, the vertical tolerance for
dredging will have to be at least as small as for dredging of rock, i.e. 10 cm, if not smaller.
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Aim:
0 Maintaining nautical depth Complete removal of a body of

contaminated sediment
Boundary condition:
0 Flat bottom surface within tolerance Minimizing the total volume to be dredged

(contaminated sediments only)
Design profile:
0 Flat Capricious (tracking the contaminated layer)

Resuspension and transport of sediments via
water column
0 Not of interest, sometimes even beneficial

(agitation dredging)
Minimal resuspension and spreading wanted
(no overflow, no spill, silt screen)

Predredging site investigations aimed at:
0 Dredgeability (technical feasibility only) and

quantities
Dredgeability (both technical and
environmental feasibility), nature of
contaminants, dimensions of contaminatedarea, 

treatability of the sediments andquantities

General nature of the project:
0 Large scale
0 Standard equipment
0 Cheap m3
0 Execution aimed at high production
0 Large tolerance (20-50 cm)
0 Simple monitoring

Small scale
Special equipment with high-tech componentExpensive 

m3
Execution aimed at accuracy
Small tolerance (5-10 cm)
Expert monitoring and quality control

Table 7:

Differences 

between maintenance dredging and the removal of contaminatedsediments.

The initial remediation projects were more or less carried out like normal maintenance
dredging projects, with large tolerances. Consequently the sediment volume removed,transported 

and stored in a depot was much larger than planned and resulted in a considerable
project cost overrun.

It is now recognised that due to the inaccuracy of the dredging operations (and site
investigations) hundreds of millions of dollars will be wasted on storage and treatment of
originally clean sediments. It was therefore decided that in all future remediation dredgingprojects 

only small tolerances will be allowed.

So, although the dredging tools that are used in normal maintenance dredging works are
also used to dredge contaminated sediments, dredging should not be carried out like in anormal 

maintenance dredging project.
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Type of material Silt/sand Rock Silt

Activities Dredging
Dumping

Dredging
Dumping

DredgingStorage

Treatment

125.

Overall cost in US$/m3 5

50Total 

cost in US$ involved fora 
layer of 10 cm surface area

140 m x 100 m
75,000

7,00070,000

Total cost in US$ involved
with 30 cm tolerance surface
area 140 m x 100 m (normal
maintenance project)

20,000 500,000
'Treatment costs
included

Table 

8: Cost comparison of three types of dredging projects

THE KEY ELEMENTS IN DREDGING CONT AMINATED SEDIMENTS

3.2

Based on the studies carried out during the past five years the following key elements
in dredging contami~ated sediments are identified:

High accuracy dredging, resulting in complete removal of only the contaminated
sediments. This is both an environmental and an economical element. It requires
high accmacy site investigations and high accmacy dredging monitoring systems.

Minimizing spreading of contaminants. This is an environmental element and
requires measures to prevent or reduce turbidity and/or systems to isolate the
resuspended sediments (silt screens).

Minimizing the quantity of process water. This is an economical element and of
interest in view of storage capacity or cost of transport and/or disposal.

Personnel protection. This element is a human element and is discussed in section6.

NEW DEVELOPMENTS IN DREDGING TOOLS FOR CONTAMINATED
SEDIMENTS

3.3

Based on the above "specifications" contractors and I11anufacturers are now modifying
existing dredging tools to create suitable dredgers for this type of work.

However, it is important to realise, that the three most important adaptations have
nothing to do with the dredger itself, e.g. the monitoring system and the mind of the dredge
master and silt screens.
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The 

dredging monitoring system

Nowadays the dredgers working with contaminated sediments have to be equipped with
a dredging monitoring system. This system comprises a normal Personal Computer linked to
a high accuracy positioning system. The monitor displays relevant information on the bottomtopography, 

the design levels and the actual position of the excavating tool (in X, Y and Z)to 
the dredge master. This allows the dredge master to position the excavating tool at therequired 

position and depth. Modem software programs monitor dredging progress as well,resulting 
in changing colour patterns on the screen.

The 

mind of the dredge master

Many decades of experience in the field of maintenance dredging have resulted in a
number of good and high production dredging tools for safeguarding nautical depth. Dredgemasters 

working with these tools have developed their own skills and techniques to optimize
production and are proud of getting the most out of their machine. The production processhas 

always been a primary goal and is considered of much more importance than the accuracyof 
dredging. However high production dredging almost always leads to: less accuracy, largertolerances 

and more turbidity. As discussed above, dredging of contaminated sediments shouldbe 
carried out with high accuracy, small tolerances and causing minimal turbidity. Thisimplies 

a change in the behaviour of the dredge master and often there is a strong resistanceto 
chance. Clear explanations and training in relation to the nature of these type of projectsand 

their overall aim should be given to even the most experienced dredge masters.

The 

silt screen

Minimizing the spreading of contaminants can be achieved by using low turbiditydredgers, 
by adapting the excavation process (lower production rates) and by using so-called

silt screens.

Figure 

4: Grab dredger working within a silt screen.
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Silt screens can be used to close off larger areas, like a small port or a segment of a
fairway, allowing the application of trailing dredging systems. It can also be used to create
a small working window for a dredger. This type is often used with stationary dredging
systems like a grab dredge (figure 4).

Normally a silt screen is a woven geotextile with a fine mesh. The geotextile hangs
down from a set of flo~ting beams from the surface to within about a meter of the bottom.If 

the screen would hang into the silt, its movements would disturb the bottom sediment andthus 
contribute to turbidity. The screen reduces the turbidity near the surface of the water, but

it will always let some turbidity through near the bottom. The benefit of the screen is that theresuspended 
sediments will resettle in the dredging area.

Based on recent studies and computer modelling (ref. 7), it is now believed that the silt
screen serves a second purpose in relation to the spreading of contaminants. Besides keeping
the contaminated sediments within its given boundary, it also limits the amount of
contaminants that is being released from the sediments during the resuspension process.

Based on computer modellipg on the release of organic micro-pollutants, it is estimated
that depending on the local circumstances upto 50 % of the organic micro-pollutants present
in the resuspended sediments can be released to the surface water. This quantity strongly
depends on the solubility of the specific compounds and the volume of water affected by
dredging. Limiting the volume of water results in decreasing quantities of contaminants being
released. This effect is not limited to the very small enclosed areas (like indicated above for
silt screens for grab dredgers). It also applies to large enclosed areas covering for instance
areas the size of complete day productions. It must be noted that these model findings still
have to be checked with field measurements. Larger silt screens will have a positive effect on
dredging operations as well. Small screens often hamper the dredging process, positioning and
adjusting (in tidal areas) is time and labour intensive, whereas the screens can easily get
damaged due to contact with th~ dredging tool.

Adapted 

dredging tools

Adaptation to the dredgers are often related to minimizing turbidity. Depending on thetype 
of dredger the solution will vary. Several low turbidity dredging too~ have been

developed in recent years. Some examples are given in the figures 5 to 8.

These tools are: the closed clamshell with flat excavation profile (figure 5), the disc
cutter (figure 6) the auger dredge fitted with a silt screen curtain (figure 7) and the so~a1led
"slope cleaner" (figure 8).

THE CABLE ARM CLAMSHELL DRAINS THE CONVENTIONAL CLAMSHELL
WATER ABOVE SEDIMENT-WATER ALLOWS OVERFILL SEDIMENT AND

INTERFACE AT THE SURFACE OUTER BUCKET SHELL SEDIMENT
TO BE DEPOSITED IN THE POT-HOLE

PROFILE DURING LIFT CYCLE
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4.

DISPOSAL SITES AND TREATMENT OPTIONS FOR CONTAMINATED
DREDGED MATERIAL.

WHAT TO DO WITH THE CONTAMINATED DREDGED MATERIAL?

4.1

Clean dredged sediments can be used or disposed off in numerous ways. They can beused 
as fertile topsoil, for construction purposes, as fill material in reclamation projects, etc.Besides, 

there is hardly a restriction on dumping/disposal of clean sediments. Disposing of
clean dredged materials is not a costly affair.

With contaminated sediments it is a different story. Due to the presence of contaminants
direct reuse is impossible, whereas strict regulations exist in relation to the disposal of these
sediments. Disposing of contaminated sediments is therefore a much more complex and often
costly affair.

Three options are available for dealing with contaminated sediments:

disposal in the natural environment
treatment of the dredged material
storage as waste in dredged material depots.

4.2 DISPOSAL IN THE NATURAL ENVIRONMENT

In some cases contaminated dredged material is disposed off in an uncontrolled way.This 
can be both on land or in water. In the Netherlands this spreading of contaminatedsediments 

is strictly controlled and regulated.

Spreading of contaminated sediments (class I to IV) on land is strictly prohibited by law.
Spreading on land is only allowed for sediments with very low levels of contamination (betterthan 

class I).

In the aquatic environment both class I and class II sediments can be spread under
certain conditions (no worsening of the quality of the bottom sediments). Spreading of class
III and IV sediments is strictly prohibited. It is expected that in the near future, the regulationsregarding 

spreading of contaminated sediments in the aquatic environment will be changed,
resulting in a complete ban on spreading of class II sediments.

TREATMENT OPllONS4.3

The 

following treatment methods can be identified:

dewatering
separation
cleaning
irnmobilisation

The aim of dewatering is to reduce the total volume for either further treatment, or
direct use. A number of natural and mechanical techniques is operational, e.g. sedimentation
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basins, 

several press-systems. Almost all require the purification/treatment of the processwater. 
In principle all dredged material can be dewatered.

Cost indication for dewatering and treatment of process water: 25 US$ and 8 US$respectively, 
per m3 situ.

Separation of dredged sediments is, just like dewatering, aimed at getting a useful
product (sand) or at reducing the volume. Separation is done with the use of a hydrocyclone
or separator. This is a type of continuous centrifuge which, in a cost-effective manner, can
separate a slurry of sediment into a coarse and a fine fraction. Since usually (but not always!)the 

fine fraction contains most of the contaminants, separation may facilitate further treatment.
It may even turn out, that the sand fraction can be put to constructive use, while the volume
of the fraction that has to be treated in more expensive ways, or shipped to a dump site, is
considerably decreased in volume.

Not every type of dredged material can be separated efficiently. It is therefore important
that the characteristics of the dredged sediments are investigated in advance. Separation can
be a useful technique when:

the 

contaminants are bound to either the fine or the coarse particles, otherwise
both streams will contain contaminants.

the 

composition of the sediment (lutum and organic matter) is more or less
constant.

high levels of sand particles are present (minimal 30 -60%)

Often the process water will have to be treated, before it is discharged.

Cost indication for separation: 5 US$ per m3 situ.

During cleaning the contaminating compounds are destroyed, or removed from the
sediments. The aim of cleaning is to get a useful product for reuse. Several techniques are
available for cleaning: e.g. chemical, physical, thermal and biological techniques.

In general it can be said that cleaning is more successful with single type contamination
(not a mixture of all kinds of compounds). Cleaning of aquatic sediments is still in an
experimental stage. This means that there are still not enough useful and affordable cleaning
techniques for the large quantities of contaminated sediments of mixeq composition.
Sediments with a mixture of types of contaminants (like heavy metals, P AH' s, PCB's, oil,
pesticides, etc.) will require a combination of treatment techniques. In view of the high costs
involved, this is still a major problem.

Cost indication for cleaning of sediments: 20 US$ to 200 US$ per m3 situ, depending
on the techniques required.

With immobilisation the contaminating compounds are fixed in the sediments, whichminimizes 
their mobility. lmmobilisation can be done in thermal and chemical ways. Forthermal 

treatment usually some additional filler compounds are added and the sediment isheated 
to produce a ceramic or glassy material. A similar result can be reached by using
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chemical 

processes as occur in the hardening of concrete. Recently techniques have beendeveloped 
to immobilise compounds like heavy metals in crystal structures, without alteringthe 

physical structure of the dredged sediments (ENSOTECH, USA).

Cost indication for irnmobilisation: 50 US$ to 100 US$ per m3 situ, depending on thetechnique 

required.

STORAGE AS WASTE IN DREDGED MATERIAL DEPOTS4.4

With the present state of the art and high costs involved, it is expected that large
quantities of contaminated sediments will have to be stored in special containment areas
(dredged material depots).

Construction techniques, design principles and verifiable environmental rules are recently
being developed. Three main criteria are included in designing and constructing disposal sites:
Isolation, Control and Monitoring

Isolation: The material is stored in a manner which will effectively isolate it from itssurroundings. 
The two main transport routes of contaminants from a disposal site are:

the 

contaminated sediment particles are transported (resuspension);

the 

pore water with dissolved contaminants is transported/flows.

This implies that the ground and dams must be rendered impenetrable by the use of
layers, foils, bentonite, or other sealants. Another possibility is geohydrological isolation.
Here, measures are taken to lead all ground water flow in the direction of the dump. In many
cases both methods are combined. In some cases capping is required to prevent or minimize
transport or flows of sediments or pore water.

Control: Isolation techniques should make it possible to maintain control over the
dumping site should unexpected circumstances occur. In practice, this means that it should be
possible to remove the material from the dump. This is also important since the possibility
exists that purification of the contents may become feasible in the future.

Monitoring: Monitoring ensures that any dumping site situation remains under strictcontrol 
to detect problems. If, for example, leakage occurs, it should be possible to takeremedial 

action in time to prevent significant effects.

Dredged material depots can be created both on land and under or in water. Dump sites
on land have the advantage, that control and monitoring are easier. A disadvantage is that sites
on land are often difficult to obtain. Land is expensive, and this particular use of land is not
very popular. Dumping under water can be done inshore and offshore. Inshore dumping canbe 

a good solution. Many contaminants, e.g. heavy metals, are quite immobile under these
conditions. Some wash-out cannot be prevented because of geohydrological conditions and
installation and use of a monitoring system is more difficult than in a dump on land. Offshore
dumping is very similar to inshore dumping, but again, monitoring is more difficult and the
likelihood that erosion will occur must be reckoned with.
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5.

SAFETY ASPECTS

F or personnel involved in sampling or dredging contaminated sediments, the presence ofthe 
contaminants can pose a threat to their health. In this section the safety aspects in relationto 

working with contaminated sediments will be discussed. The common safety aspects,
applicable to sampling or dredging of clean sediments, are also applicable in cases of
contaminated sediments. These aspects will not be discussed in this section.

Safety measures and guidelines for handling contaminated sediments are all aimed at
minimizing the riskS' of exposure to the contaminants to an acceptable level.

In this case, acceptable means that the exposure will not have an effect on the person's
health. As indicated in section I the toxicity of a compound is strongly related to the
concentration level of that compound. The concentration level of the compound, in combinati-
on with the ways a compound can enter the body and the frequency of exposure, determines
the exposure risk.

Exposure 

routes

In general three routes can be identified for compounds to enter the body:

Inhalation: Volatile compounds can be inhaled. These type of contaminants will only
be present in the sediments in limited quantities. Often these compounds have already
evaporated through the surface water. However, sometimes it is possible to smell
contaminants. Besides, organic gases can be present in the sediments as a consequence
of bacterial activity. During dredging or sampling, sprays, splashes, vapours or gases
can be generated, which all enlarge the risk of inhalation.

Intake through the skin: dredging and sampling crews can get in contact with the
contaminants through direct skin contact. This can take place by touching the conta-
minated sediments directly, by touching equipment that has been in contact with the
contaminated sediments or accidentally by splashing of the sediments on the skin. It
is also possible to get into contact with the contaminated sediments through clothes
that have been in contact with the sediments.

Swallowing: 

Contaminated sediments can be swallowed during eating, drinking or
smoking at work. This can also take place during the so-called hand -mouth contact,
when hands are not (sufficiently) washed.

Safety Measures

In the Netherlands safety measures have been split into two categories, the so-called"basic 
package" and the "follow-up package".

It is important that the decision on the applicability of safety measures is taken by
independent experts in this field.

When working with contaminated sediments the "basic package" is always required.
Depending on the nature of the contamination and the risks involved, it can be decided to
work according the guidelines of the "follow-up package" as well.
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Basic 

package

The measures given in the basic package are aimed at reducing the risks of exposure.
These measures are summarized, in the form of symbols, in figure 9.

To minimize the risks of exposure the following is advised:

Always 

wear waterproof gloves during sampling or when in contact in any way withcontaminated 
sediments, also during cleaning of sampling and/or dredging tools.

Always 

wear an overall and rubber boots for protection against skin contact or
against your clothes becoming a new contact source for contaminants. The overallshould 

be made of water rejecting material and should not have pockets on the outside(to 
prevent collection of sediments).

Do 

not smoke, drink or eat while at work.

Wash your hands (and if necessary your face) with water and soap at every work
stop (even when going to the bathroom).

Be 

sure first aid equipment is present at the work site. An open wound, however
small, will function as a very effective route for contaminants to enter the body.

Work downwind. Working with the wind in your back is not only more comfortable,
it is also better for your health in case of splashing or sprays of contaminateq water.

Follow-up package

In cases with yet unknown types of contaminants (like ports or locations with industrial
discharges) or in cases of extreme pollution, the set of precaution measures has to be widened.
In some extreme cases even the usage of protective masks can be required. In general the
following measures will be sufficient:

Take 

care that there is always a sufficient supply of water at the work site, to allow
quick and thorough washing of hands and/or equipment.

Take 

care that there are always some gas-masks present at the work site. These shouldbe 
used in case of strong smelling sediments.

In case of suspicious sediment samples, label every sample with the text
"Chemically contaminated sediments". This is to ensure save and appropriate
handling in the laboratory.

Do 

not take working clothes, boots or gloves home, but clean these items at the site.

General safety measures

Besides the above indicated safety measures for personnel directly involved with sampling
or dredging of contaminated sediments, some general safety measures should be taken:
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The project site should be fenced or in some other way guarded against unauthorized
visits of people or children, who are unaware of the risks present.

Visitors to the work site or dredger should stick to the same safety rules as indicated
above for field investigation and dredging personnel.

Clean areas, cabins or messrooms should be available for employees to rest, eat and
drink. Between the working area and the mess, a cleansing area should be provided
to take off the working clothes and boots and to wash hands and/or other body parts
that have been in contact with the contaminated sediments.
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BASIC PACKAGE

WEAR GLOVES

WEAR AN OVERALL AND RUBBER BOOTS

@SMOKING, DRINKING AND EAnNG ARE PROHIBITED

WASH YOUR HANDS

KEEP 

A FIRST AID KIT PRESENT

WORK DOWNWIND

~

STAY ALERT

FOLLOW-UP PACKAGE

ORGANISE 

A SUFFICIENT SUPPLYOF 
WATER AT THE WORK SITE

HAVE SOME GAS-MASKS PRESENT
AT THE WORK SITE

LABEL SAMPLES "CHEMICALLY
CONTAMINATED SEDIMENTS"

DO NOT TAKE WORKING CLOmES,
BOOTS OR GLOVES HOME

Basic package and follow-up package of safety measures for people involved
in sediment sampling and/or dredging of contaminated sediments.

Figure 9:
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STRATEGIES FOR THE SHORT-TERM AND LONG-TERM
MANAGEMENT OF DREDGED MATERIALS

Topics covered

1. Engineering, economic and environmental considerations
2. Beneficial use of dredged material, principles and practice

Philosophy:

Recognising 

that:

1.2.

3.4.

5.

6.

Both capital and maintenance dredging are necessary operations,
They are costly operations,
In general they do not create wealth, especially maintenance dredging,
Contamination of the dredged material is rarely the fault of the person
wishing to dI:edge,
Uncontaminated dredged material is a resource, not a waste,
Taking good care of our environment (both marine and on land) is important
both for our own wellbeing and that of future generations,

leads to the aims that:

1.
2.

3.4.

Dredging should be carried out with least detriment to the environment,
Dredging should be carried out at minimum cost compatible with achieving
(1),
Pollution should be controlled at source,
Wherever possible beneficial use should be made of the dredged material.

1. En~ineering. economic and environmental considerations

In this session we consider the short and long-term management strategies which will
assist in achieving these aims with regard to the dredged material. The World Bank have
produced guidelines which form a useful framework for making an assessment of the problem.
They have been modified here to include more information.

The short-term strategy must begin with an assessment of the size of the problem,
followed by the development of a plan. The World Bank guidelines are mainly aimed at
assessing and developing strategies for contaminated material but before beginning that there
should be studies to minimise the quantity of material requiring to be dredged.

Minimising the quantity to be dredged

Capital Dredging

Studies can be carried out to minimise the quantity of capital dredging for a new
channel or berth. This will involve optimising the channel dimensions in terms of:

Presented by T. Neville Burt, Principal Engineer, Ports and Estuaries Group, Hydraulics and Research
Wallingford, United Kingdom
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Depth
Width
Curvature
Side slopes

The starting point is always the draught of the vessel but with the variation of water
level due to tides and appropriate underkeel clearance to be made it is no simple matter to
translate this into a specified level for dredging purposes. Whilst the cost of underestimating
may be serious in terms of ships grounding the cost of overestimating can be huge in cash and
environmental terms. In the case of a 7 km long channel at Port Qasim, Pakistan each 0.5 m
of extra depth represents one million m3 of dredging.

Having established the depth and an appropriate width for the channel the otherparameters 
begin to fall into place. The length will probably be dictated by the distance to the

point where adequate natural depths occur. The best route to get there mayor may not be the
shortest one. This will depend on geology, existing topography, and potential siltation.

This clearly involves considerable effort in scientific and engineering studies. A full
description of the type of studies which are appropriate is given in the references (Burt
1991).

Maintenance dredging

There is a saying that the deeper a channel is dredged the faster it fills in. There is somebasis 
for this because a deeper channel will result in slower water velocities which allows

greater settlement of suspended solids.

It is not always obvious if it is better to dredge little and often or a large quantity
infrequently. This decision can affect the maintenance quantity. As an extreme example
routine maintenance dredging of the navigation channel in the approaches to the Mersey
(England west coast) was carried out for many years at a rate of several million m3 per year.
On cessation of dredging there was no decrease in depths! The reason is that soft mud was
flowing into the channel and filling it to the regime depth at which level natural scourprevented 

any further accumulation. There was such a large quantity of mud available for
siltation that years of dredging had not significantly depleted the supply. Resiltation was
almost immediate so that no amount of dredging could increase the depths. This example
illustrates how it is possible to produce large volumes of material for disposal without
achieving the desired navigation depth. In this case the maintenance quantity was reduced
virtually to zero without loss of channel depth.

A similar experience was found when routine maintenance of the channel in the RiverThames 
ceased. There was some build up of the intertidal banks but channel depths remainedstable.

Another example is Port Qasim where improved dredging strategies helped to reducethe 
annual maintenance quantity from 6 million m3 to 3 million m3 (Burt and Husain 1989).

Having taken steps to minimise the quantity of dredging the next stage is to consider
what to do with the material. The PIANC guide gives a useful Master Chart.
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PIANC MASTER CHART FOR ASSESSMENT PROCESS

BENEFICIAL
USE OPTIONS

SEE FIGURES 3-7

SITE SELECTION

NOTECHNICAL
POSSIBILITY? DISPOSAL

POLICY / REGULATORY / INTERNATIONAL CONVENTION

ENVIRONMENTAL ACCEPTABILITY

COST / BENEFIT

ACC~PTABLE
SOLUTION?

NO
DISPOSAL

YES

BENEFICIAL USE

MONITORING
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If the material is not contaminated it should first be considered for beneficial use. The
options for this are discussed later. If this is not possible at reasonable cost then disposal must
be considered.

Steps in decision making for disposal of dredged material

Step 1

The first step in the preparatory process is to determine if any of the materials to be
dredged are contaminated and, if so, are they contaminated to an extent which might cause
pollution. In areas where contaminated sediments are suspected to exist, tests should be carried
out in typically representative areas and depths to characterise the degree of contamination in
the material to be dredged. This does not mean that each sample should be subjected to
exhaustive organic and inorganic chemical analyses to establish the presence and the
concentrations of a wide-ranging list of compounds since knowledge of local discharges and
disposal practices can be used to assess the potential for pollution effects. Alternatively, the
substances shown in Annexes I and II of the London Convention can be used as a list of
compounds to be investigated. If the results of these tests indicate that there are sediments
which have sufficiently high levels of contamination that they would probably result in
harmful effects when disposed in open-water or unconfined upland disposal sites then a
carefully prepared action plan must be undertaken.

Concentrations that define "contaminated" are still not universally accepted. As a guide
the London Convention has defined concentrations for some heavy metal contaminants; the
North American and European countries are now attempting to define concentrations for
organic compounds.

Further guidance on standards is given in the next session.

Step 2

The second step is to carry out a detailed characterisation of all the sediments within the
port or harbour confines and to depths which are likely to be disturbed or exposed by the
proposed dredging. This detailed characterisation will enable the port areas to be divided into
dredging zones each of which may require different types of dredging techniques and methods
of disposal. The object of this is to reduce the volumes of material which is difficult to
dispose of to a minimum. It is likely that the design concept of the proposed project may have
to be amended at this stage to avoid dredging excessive volumes of polluted material.
Associated with this step should be the commencement of a programme to eliminate the
sources of the contaminants. Even with instant elimination of the land-based sources of the
contamination it would still take a long period for the polluted sediments to be restored
through natural processes to levels acceptable for open-water disposal. It is nevertheless
important that action be taken as soon as possible to control the sources.

This may be difficult to put into place because the sources could be upstream in another
country or associated with a multitude of long established industries and practices which
cannot be corrected overnight and which will require very considerable investment, often in
foreign exchange.
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Step 3

The third step is to select the type of dredging equipment to be employed for each zone,using 
specialist equipment for the very polluted sediments to avoid excessive disturbance andre-suspension.

Step 4

The fourth step is to select the method of disposal to be used for the materials resulting
from each zone using the various options available. The system for transportation of the
dredged materials to the eventual disposal site must also be considered and a selection made.

Step 5

The fifth step concerns the disposal. If disposal in open-water is proposed, the existing
regulatory conventions must be observed, with appropriate sediment and disposal site optiontesting 

carried out to predict the likely effects of the disposal option. The studies and tests to
be carried out may include:

*
*
*
*
*

The general requirements of the London Convention
Chemical and physical analysis
Biological testing
Formulation of an impact statement
The development and use of quality standards

It is important to appreciate that open-water ocean disposal of uncontaminated dredgedmaterials 
can also cause major environmental impacts through, for example, suspended

sediments reducing light penetration essential for corals or natural gravel beds used for
spawning or as habitat by certain marine species becoming covered by clays or silts.

If confined upland disposal is selected the facility will require careful design,
construction and monitoring. In particular, aspects to be considered will possibly include:
lining the containment basin with impermeable materials to avoid leaching into the underlying
aquifers; treatment of the run-off water before returning to the regime; and the final land use
when the containment has been filled.

It is important to put in place long-term monitoring procedures for all of the dredging
and disposal systems and this is particularly important if polluted dredged materials are
involved. Apart from chemical/physical testing, biological testing is extremely important,
especially testing for bio-accumulation using fish, a crustacean and a mollusc typical of the
disposal site.

Disposal 

Options

Open water disposal

Uncontaminated open-water disposal has been the traditional method of dredged material
disposal because it was the cheapest; there were few, if any, limitations on the location of the
disposal site; the oceans were considered to have limitless capacity to absorb waste materials
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and the disposal was considered to be simply speeding up natural processes of land based soils
being deposited into the oceans.

Although much of the material does fall to the bottom within approximately the
boundaries of the disposal site, strong upper water column or near-bottom currents can
transport portions of the material off site. This off-site transportation can lead to re-infilling
of the dredged area, siltation of shellfish or fish spawning areas, or redistribution of
contaminated sediments.

A relatively new technique is the "thin layer" method. The principle is to dispose of the
contaminated dredged material by spreading it very thinly over a wide area.

Unconfined disposal on land or shoreline

For fine grained material, unconfined land or shoreline disposal has been less frequently
employed. Some countries encourage the use of dredged river or estuarine sediment on land
to provide agricultural soils. However, as the understanding of contaminant chemistry and the
existence of many trace organic contaminants increased, limitations had to be placed on this
form of disposal. In many ports, land space is at a premium and the ability to site an upland
or even a shoreline confined disposal facility is severely restricted or economically prohibitive.

Confined disposal

As environmental concerns increased with all forms of waste disposal in the oceans,
many nations actively considered forbidding all forms of ocean disposal, including that of
dredged material. Placement of dredged materials, irrespective of the degree of contamination,
was instituted in either shoreline or upland facilities. This process drastically increases
disposal costs. Rough cost estimates suggest that the unit cost of dredging and disposal in a
confined site is at least 5 times as expensive as open-water disposal. The cost increase is due
to the cost of construction of the facility, the limitations on handling created by having to
place the material within the facility and the long term management and monitoring of the
facility .

Open water disposal with capping

From numerous studies conducted by the United States Army Corps of Engineers, it was
apparent that by maintaining contaminated anoxic sediments in a disposal site under the same
conditions as existed at the dredge site, many of the contaminants, particularly the trace
metals, remained chemically immobilised and thus had a low bio-availability.

To retain the physical-chemical regime in the dredged sediments and yet limit the interactions
of the contaminated materials with the overlying water and biota, the concept of open-water
containment or capping has been suggested. In this, contaminated material is buried under
approximately one metre of clean sediment. Techniques have been developed for the delivery
of both the contaminated and cover materials thereby improving the disposal techniques and
reducing the amount of cover material required. Experience in the United States suggests that
the unit cost of dredging including this form of disposal is about double the normal cost.
Detailed comparative studies of upland confined, shoreline confined and open-water disposal
of highly contaminated sediments have shown that this form of disposal can pose the least
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environmental impact considering all the impacts.

Specialised treatment

Where the quantities are relatively small readily accessible within a port area and highly
contaminated another option is treatment or in-material immobilisation. The use of treatment
techniques to date has been typically limited to projects where the level of contamination has
required expensive or very limited disposal options and therefore a treatment technology is
a financially acceptable alternative to the high costs of specialised disposal. A variety of
techniques have been proposed and some tested. Several problems have been identified.

1

The original techniques were developed for handling dry contaminated soil, not
large quantities of wet dredged material.

2.

The physical distribution of the material to be dredged requires considerable
handling to bring them to the treatment facility.

3.

The treated material still has to be disposed of and therefore the treatment process
must ensure that the material will meet environmental criteria.

4. The existing treatment techniques are expensive and of a complex technology.

The best known example in Europe where treatment takes place on a large scale is
Hamburg. AT least 1,000,000 m3 of dredged sandy material has to be processed over a 4 year
period. The material is fed into the installation in dry form. The coarse particles are screened
off and washed clean. The material is then turned into a slurry and via hydrocyclones and
segregation installations the clean sand is separated from the contaminated silt. The plant is
designed to allow simultaneous separation of "drainage" sand and "construction" sand. The
separated sand complies with the quality criteria for unlimited general purpose use. The
separation efficiency of the installation is more than 95%. The polluted silt fraction is
squeezed and dried using a filter press to form a firm "filter cake". Whilst reducing the size
of the problem and producing a useful by-product this still leaves the filter cake to be
disposed of and the washing water to be treated before discharge into the estuary or drainage
system.

Incineration is expensive and in most cases useless unless the dredged material is greater
than 50% organic matter or the contaminants were organic, since the ash will contain most
of the heavy metals and would have the same disposal problems.

Costs of dewatering and disposing of contanlinated silt would be about 25 to 30 pounds
per tonne, i.e. 15 to 20 times normal marine disposal.

These techniques are becoming possible
but in less developed countries the problem I
equipment could be a major detraction.

2. Beneficial Uses. Princinles and Practice
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About 40,000,000 tonnes of dredged material are annually disposed of on the sea bed
in the course of routine channel maintenance and capital dredging projects around the United
Kingdom coast alone and ten times that in the United States. Worldwide the quantity is hardto 

envisage. This is an essential activity in keeping ports accessible. Most of the material is
not contaminated and could be considered as a resource rather than a waste product.
Increasing awareness of the possible impact of disposal of dredged material on the marine
environment and a belief that to some degree this is a waste of natural resources has promptedthe 

view that possible beneficial uses should first be properly considered. A number of general
guidance documents have been written on the subject of beneficial uses. In particular the
PIANC guide is mentioned in the paper.

Introduction

It is a requirement of the Oslo Convention and a statutory requirement under the United
Kingdom's Food and Environment Protection Act that in considering whether to licence
disposal at sea, the Licensing Authority has regard to any alternative means of disposal. There
has been considerable recent pressure from bodies such as English Nature, from the House
of Commons Environment Committee on Coastal Zone Protection and Planning and others
for the use of dredging where possible in a beneficial way. The changing approach sees
dredged material as a resource rather than a waste. The Licensing Authority, as part of their
assessment now ask the licence applicant to give consideration to other possible disposal
routes, including the use of material beneficially (Murray 1994). In this way the United
Kingdom and many other countries are seeking to encourage the development of these
options. Such options are at the development stage at present. As might be expected there ismore 

success in finding uses for granular material, sands and gravels, than fine silts which
form the majority of maintenance dredgings from the United Kingdom.

In terms of sheer quantity, dredged material outweighs all other materials disposed of
in the marine environment so it is not surprising that it has come under close scrutiny in
recent years. Yet most dredged material is natural sediment and should not be considered as
a waste. Certainly any material resulting from an earth moving operation on land, say for road
builqing, would not be considered as a waste but rather as a resource, perhaps for landfill,
landscaping, topsoil or other construction works. Why should underwater earth moving be
philosophically considered any differently?

One reason is almost certainly cost. The promoter of the dredging works is primarily
concerned with achieving a certain depth of water and the removal of the material is required
to be executed in the most cost effective way. If the material is not able to be sold there is
little motivation to do anything with it other than dispose of it in the most economical
manner. It is the factors that govern the economics that will bring about the most significant
changes in the future. Perhaps the saleability of dredged material will change as new
technologies open up more options for beneficial uses and as the value of the environment
enters the equation. Legislation and licensing requirements are beginning to change the
economics. In many parts of the world it is being required of dredging operators to
demonstrate that other options have been properly considered before a disposal licence is
granted. Conversely the placement of dredged material above Low Water may require the
approval of the local planning authority, the permission of the land owner and the consent of
the river authority and others as local conditions dictate (Ash 1994).

As more research is being carried out more and more options are beginning to open up.
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These are reviewed in the paper but before going into detail there are some fundamental
practical problems and some more philosophical principles to consider.

Princi~les

Defining "beneficial" is not a simple matter. The context in which the phrase has been
coined probably gives it the emphasis "beneficial to the environment" rather than "beneficial
to man in particular". It still poses the question of what will benefit. For example the
construction of an offshore berm using dredged material in order to reduce coastal erosion
may at the same time obliterate an important fishing ground. Beneficial use could be seen
as that which gives net environmental gain within the overall context of the dredging (Ash,
1994). This definition would include finding an alternative means of disposal which is less-
detrimental than the existing practice. Whilst commendable in itself this does not, in the
authors' view, constitute a beneficial use. The authors' preferred definition arises from the
context of the concept: "any use which does not regard the material as a waste". Having
considered possible beneficial uses by this definition it may still be necessary to dispose of
some or all of the material and this should then be carried out with minimum detriment to the
environment commensurate with reasonable cost.

Introducing cost raises the issue of what value we place on the environment and may
lead us to consider such difficult issues as indirect environmental compensation, ie would the
money be better spent on some other project totally unrelated to the dredging, from which the
environment would obtain greater benefit. Clearly the cost issue cannot be ignored.

Moving on to the practical difficulties, the first one to be considered is scale. Taking
the United Kingdom as an example about 40,000,000 tonnes of sediment are disposed of at
licensed sites around the coast each year. In the United States the figure is about ten times
higher. It is difficult to conceive of sufficient schemes that could utilise this quantity every
year even if all of the material were to be suitable. In fact most of the material in the United
Kingdom is cohesive "mud" and therefore generally unsuitable as aggregate or for
reclamation. Only a few schemes such as wetland restoration appear to have the potential to
absorb significant quantities of mud.

The next problem is that the cohesive fraction of sediments contains the highest
proportion of contaminants such as heavy metals so mud from a contaminated estuary is likelyto 

be unsuitable for most "beneficial" purposes. Processes exist which are able to separate themud 
fraction from the coarser sediments. It is therefore possible to consider using sand from

a contaminated estuary although the cost is inevitably higher.

For all dredged material there is the problem that the place where the material may be
used and the time it is required in most cases will be unlikely to coincide with the dredging
works. Research is required into methods and possible locations of stockpiling for future use.

Of course some of the "beneficial uses" are not new but rather a new name has been
applied to established technologies. The most obvious examples are beach nourishment and
aggregate dredging. However, it must also be said that in most cases the material for these
has been sought from convenient and/or licensed extraction sites rather than the by product
of maintenance or capital dredging works. The future challenge of beneficial uses is to match
the resource with the requirement.
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A final point in discussing the underlying principles of beneficial uses is that the
potential coast protection benefit of retaining sediment within a coastal cell should not be
overlooked (Murray, 1994). An example would be an estuary entrance channel where
sediment is carried into the channel by a coastal drift process. If the material is taken out of
the area for disposal the downdrift coast is deprived of its source of replenishment. A
beneficial use of the dredged material would be to place it on the downdrift side of the
channel so as to maintain the natural processes as far as possible.

Practice

The main usesThis section gives a summary of the findings from a literature review.
identified can be classified into the following general categories:

Creation of habitats
Reclamation and Port Construction
Beach nourishmentOffshore 

berms
Construction materialsAgricultural 

use

Creation of habitats

This section covers various ways in which dredged material has been used to create
wildlife habitats. It includes three types -aquatic habitats for fish and benthic organisms, bird
habitats (upland habitats and nesting islands) and wetlands.

Fishery resource improvement can take many forms. Ecological functionsQf fishery
habitat can be obtained by appropriate placement of dredged material. For example, bottomrelief 

created by mounds of dredged material may provide refuge habitat for fish. In shallow
or intertidal waters subject to erosion mounds composed of fine-grained sediment can be
stabilised by planting seagrasses or capping with shell or other coarser material. These will
also enhance the habitat (PIANC, 1992). Some examples of fishery habitat creation followall 

from the United States.

Aquatic habitat was created on the Lower River, Kentucky (Landin, 1989) after the
construction of a barge loading facility damaged existing mussel beds. After research into
mussel habitat a gravel bar was constructed to reduce sedimentation and promote the mussel
habitat. Hornziak and Veal (1992) point out the benefits to a fish farmer of having dredging
works in close proximity in order to supply suitable material for habitat construction.

Dredged material has been used in the construction of submerged gravel bar habitats in
the United States (Miller, 1988). Gravel bars are notable natural features of rivers and
streams that have not been altered by development. Gravel and cobble sized materials provide
points of attachment and anchorage for aquatic organisms such as larvae, snails and worms.
Coarse-grained particulates stabilise fine substrate and allow colonisation by long-lived
invertebrates such as freshwater mussels. Particle size distribution, degree of embeddedness
and presence of attached organic matter and plants determine the characteristics of invertebrate
communities in flowing water systems. When gravel shoals are dredged to improve river
navigation the material can be placed in side channels (ie the channel around islands that does
not include the navigation channel). These coarse grained sediment mounds in flowing water
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are potentially valuable habitat for a number of riverine fishes and invertebrates, including
ecologically and commercially species. Payne and Tippit (1989) studied such a scheme on
the Tenessee River. They suggest some general guidelines. First, disposal sites should be
selected based on knowledge of the distribution of important aquatic resources. Burial of all
or a portion of the dense and diverse mussel bed in the deep portion of the side channel was
avoided by selection of disposal sites along the shoreline. Disposal along the shoreline had
the added benefit of stabilising eroding banks and creating a stable gravel shoal. The potential
for bank and shoreline stabilisation should be considered during the site selection. By creating
a stable gravel shoal where none otherwise existed, disposal added mussel habitat to the side
channel. Site selection should consider bathymetric and hydraulic conditions in an attempt
to create gravel disposal mounds that will neither be severely eroded nor covered by silt.

The second type of habitat creation refers to islands and upland habitats for birds. ThePIANC 
guide (1992) lists seven technical considerations:

Gradually sloped shorelines.
Suitable substrate for nests and young chicks.
Access to the water/shoreline.
Not less than I -3m above highest water level to prevent nest washout. At least
O.3km from the mainland to prevent egg and chick-eating predators from
swimming to the island.
Suitable vegetation (or lack of vegetation) that meet a species' nesting
requirements.
Close proximity to feeding grounds and brood cover so that chicks do not have to
travel long distances to obtain adequate food items for nest-bound chicks.
Isolation, or at least restrictions, to prevent high human use during the nesting
season.

Some of the most useful experience comes from the United States Army Engineer's
"Environmental Effects of Dredging" programme (Landin, 1986). One hundred years of
dredging and open water disposal operations has resulted in the creation of over 2000 man-
made islands throughout United States coastal waters, inland waterways and the Great Lakes.
This process is continuing because of the increasing shortage of upland disposal sites, the need
for habitats and the islands' recreational potential. As the population in coastal areas has
increased, natural areas have been altered and occupied by man. Dredged material islands
have provided vital habitat in many areas. The primary wildlife species needing habitat in
the United States are pelicans, cormorants, anhingas, herons, egrets, ibises, spoonbills, gulls,
terns and skimmers. Several of these are rare or endangered. An estimated 1,000,000 of
these are nesting on dredged material islands each year especially along the Atlantic and Gulf
coasts. Management of these schemes involves a broad spectrum of techniques: habitat
establishment, habitat manipulation and protection of bird colonies. In addition to the PIANC
list should be added the need to monitor.

The third type is creation or restoration of wetlands. From papers presented at a recent
conference in London (ICE, 1994), it was clear that there is no consensus on what the
objectives are since wetland habitats are very different and various different ecosystems
develop accordingly. Dredged material has been used extensively to restore and establish
wetlands. Over 16,000 hectares have been restored or created in the United States. It is a
relatively common use of dredged material and fulfils a need created by the degradation or
destruction of many of the world's wetlands (PIANC, 1992). Dredged material can readily
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be used to stabilise eroding natural wetland shorelines or nourish subsiding wetlands.
Dewatered dredged material can be used to construct erosion barriers and other structures.
Some types of restoration are more feasible than others. Spreading the material in thin layers
to raise the general level up to an intertidal elevation has been successful in Louisiana (United
States). An important feature of using dredged material is that hydric soil conditions (ie
containing hydrogen) are necessary and the literature suggests that dredged material may take
15 years or more to achieve this state. Thus it will probably be necessary to import hydric
soil and wetland vegetation as well as creating the right hydrologic conditions.

The creation of any new habitat means replacing an existing one. A full environmental
benefit study will be necessary before making a decision and any scheme will inevitably mean
some losses as well as gains. In concluding this section it is interesting to note that many
areas which were simply disposal grounds (sometimes of contaminated sediment) in a less
environmentally conscious age have been designated as conservation areas because of the
richness of the habitat which has been inadvertently created, one example being the Seal
Sands area in the Tees Estuary (United Kingdom). Because of this disposal is not allowed
today. If such habitats can be created almost by accident how much more we should be able
to achieve by deliberate and careful design.

Reclamation and Port Construction

Generally coarse materials, sands and gravels, are more suitable for reclamation schemes,
especially if the land is to be used for buildings or other purposes which involve heavy
loadings. The reason is primarily that silts and clays consolidate over a long period and so
are unsuitable for foundations. Because most maintenance dredged material is of this type
most reclamations schemes will involve prospecting for suitable sources of material to be
dredged or will be related to capital dredging schemes where the material is more likely to
be suitable. Nevertheless there are schemes, such as for parkland where settlement can be
accommodated without concern, where silty materials can be used. If this is supplied from
maintenance dredging it should be noted that the rate of supply is dictated by the
siltation/maintenance dredging rate.

Techniques exist for speeding the consolidation process. This can be enhanced by
horizontal layering with sand or gravel or by inserting vertical drains on a grid pattern. It is
obviously best to consider this at design stage rather than after the event. A lesson is to be
learned from the reclamation associated with the development of Osaka South Port (Japan)
(Ohnishi and Sasaki, 1990). It was necessary to keep the cost of reclamation as low as
possible so it was decided to use the clay dredged from channel and berth areas as the fill
material. In the reclaimed area the original ground consisted of a very soft alluvial clay
stratum 15 -20m thick over which the softer dredged clay was placed for reclamation. This
brought about serious problems of subsidence and inadequate bearing capacity. Excellent
results were achieved with the remedial action for about 100ha of the reclamation but the
authors point out that many other schemes in Japan have not been successful.

In the case of capital dredging an ideal reclamation site will be sufficiently close to the
dredging site to allow direct discharge from a cutter suction dredger into the bunded area
through a floating pipeline (PIANC, 1992).

Beach Nourishment
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Beach nourishment is now an accepted form of "soft" coastal defence. In the past the
specification has usually required that the beach is nourished with similar material to that
which has eroded. This usually means that the contractor prospects the immediate area for
a source of sufficient size. The real challenge is to use maintenance or capital dredged
material. This may mean more research is necessary into stability criteria. The historically
pertaining beach profile might not be achieved but a more stable beach with a different profile
may be created.

Perhaps one of the most imaginative schemes in this respect is the beach resort at KogeBugt 
(Denmark) (Kaalund et aI. 1991). A new coastline of dunes and sandy beaches wascreated. 

Sand and clay from dredging was used for the reclamations and landscaping.Artificial 
bird islands and flood protection schemes were also built.

A good example of cooperation is the recharge of Bournemouth beach by sand dredged
from the Poole Harbour approach channel, the Swash Channel. The deepening of the channel
resulted in the need to dispose of 1,182,000 m3 of sandy material. Use of the material for
aggregate was examined but dismissed since no user was found who could take the material
at the rate it would be necessary to dredge. It was known that Bournemouth Borough Councilhad 

a problem with their beach: erosion was occurring following the stabilisation of nearby
cliffs. By setting up a special form of tender and contract it was possible to use just over
1,000,000 m3 for beach nourishment. It is interesting to note that the cost of the researchnecessary 

to achieve a satisfactory and environmentally acceptable scheme was about 20% ofthe 
capital cost but this was compensated by the savings to both parties in reduced cost ofdredging 

and reduced cost of beach nourishment (Appleton 1991).

Offshore 

Berms

The shoreline wave climate can be modified locally with a resultant improvement in
beach stability by the formation of suitable offshore berms or embankments using dredged
material. Generally the berm is aligned roughly parallel to the beach but the best alignment
should be studied carefully and will probably be most effective if it is aligned to modify the
most destructive waves which are not necessarily from the same direction as the most frequent
waves. The height must be designed so as to achieve the depth of water which will cause the
required amount of wave modification. By definition of their function, offshore berms are
subject to high energy dissipation forces so unless very coarse or rock materials are used
erosion is likely. This need not necessarily be a problem with regard to the dispersed material
which will probably still be a benefit to the coast protection function but it implies a certain
amount of maintenance.

In the case of dredging the Harwich channel (Allen 1994) several berm sites were
considered. For each of the sites the mobility of the placed dredged material under the
influence of waves and tidal currents was predicted. The effect of the berms on local wave
conditions was predicted using a computational model representing wave refraction, shoaling,diffraction, 

friction and breaking. The effect of the berms on coastal sediment transport wasexamined 
using a computational model of littoral drift. As it became evident that much ofthe 

dredged material was mobile under frequently occurring conditions further calculationswere 
made to estimate dispersion. The study led to some of the options being abandonedbecause 

of potentially dangerous wave focusing and the sediment transport paths wereuncertain.
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Construction Materials

Even when deliberate dredging for aggregates is practised the material requires some
level of processing. This is likely to include washing-and grading. When maintenance or
capital dredgings are used more processing is likely to be needed. Nevertheless with
dwindling on land sources this may become an important resource of the future.

Sands and gravels can be used directly as aggregates for concrete but screening will be
necessary to achieve a suitable grading. Salinity levels are important when the material has
come from a marine source.

Silts and clays are less useful although suitably dewatered they can be used for
constructing watertight layers eg for canal linings or contained disposal sights. One of the
more novel uses of dredged clay is to manufacture bricks. This requires the sand content to
be less than 30% and does not produce high quality bricks with existing technology. It may
also be made into ceramic pellets (Veltman, 1987), a possible treatment for contaminated
clays, but this is not presently an economic prospect nor is the demand likely to match the
very large quantities of material normally associated with dredging.

Dredged rock can of course be used in the many of the same ways as quarried rock.

Agricultural 

Use

Maintenance dredgings often comprise a mixture of sand, silt and organic material which
may be suitable for agriculture. However there are some problems especially with regard to
material dredged from a saline environment. This was studied over three years by Riddell
(1988). Drying is essential to successful handling whereas wetting with fresh water is
required to reduce salinity. Because of poor diffusivity associated with fine grained material
wetting in its original state does not result in a significant reduction in sallnity. Leaching of
the salt could only be undertaken after the material had been dried and rotovated. Riddell
gives guidance on the techniques required to create a stockpile of saleable topsoil. Nutrient
levels were found to be adequate for initial growth but the presence of contaminants, whilst
they did not inhibit growth, limited the use of Clyde material to amenity landscaping.

Planning

A number of publications have been written which list and describe the options.Comprehensive 
guidance is given in the PIANC publication (1992). There is little merit inreproducing 

this guidance in detail here but the main points are summarised. The decisionmaking 
is presented in the form of a flow chart starting with characterisation of the dredgedmaterial. 

This is classified as rock, sand/gravel, consolidated clay, soft clay/silt and mixture.Possible 
beneficial uses for each of these is then given under three headings, Engineering,

Agricultural/product uses and Environmental enhancement.

Conclusions

Beneficial uses of dredged material is now a matter of standard policy in the United
Kingdom and many other countries. Whilst there are many options for uses of dredged
material, too numerous to go into detail on each in the context of this review, it is evident
from experience to date that some uses are realistic and economically viable in some situations

77



but there are some very real difficulties in making good use of the resource in many other
situations. Environmental pressures and limited land based resources have stimulated research
and this is leading to more options and better definition of design requirements for beneficial
uses. It is interesting to note that the coarser the material the more use it is for engineering
and the less useful for environmental schemes whereas the trend is totally reversed for the soft
silts and clays which are almost useless for engineering (without considerable expensive
processing) and are most suited to restoration of wetlands and other habitat creation schemes.
Scientific study can assist in narrowing down the options and cost analyses can be compared.
Perhaps the analysis should also include political factors, public perception and social factors
that will influence the implementation or long-term success of the beneficraI use alternative.
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EFFECTS 

OF INTERNATIONAL CONVENTIONS AND
REGULATIONS ON THE DREDGING INDUSTRY

Topics covered

2.3.

The International Conventions
Pollution standards
International practices for regulation

Disclaimer

Much of this paper is based on documents containing carefully constructed legal phrases.
In outlining the essential elements of the documents the author has abbreviated and
paraphrased certain sections. Whilst care has been taken not to misrepresent the Conventions
readers who find themselves having to make assessments of dredging disposal cases are
referred to the original documents.

1. The International Conventions

Few people today would regard the marine environment as the limitless dustbin of the
world, capable of absorbing virtually anything we care to throw in it without being damaged
itself and, in return, damaging those who use it for their livelihood or recreation. Yet when
it comes to the full implications of international regulations many are concerned that the
reaction has been too extreme and that the restrictions, particularly with regard to dredged
material, have been, or could become, so severe as to prohibit or make uneconomic what have
hitherto been regarded as routine dredging operations.

The protocols for the control of disposal of dredged material were primarily the London
Dumping Convention and the Oslo Convention (IMO 1991 and OSPARCON 1992). These
were set up in the 1970's primarily to regulate the dumping of noxious substances into the
oceans and almost incidentally affected dredged material. However, when measured intonnage, 

dredged material stands out as by far the largest amount of "waste". In the North-east
Atlantic/ North sea regions approximately lS0,000,000 wet tonnes of dredged material were
disposed of in 1990 compared to 10,000,000 tonnes of sewage sludge and less than 2,000,000tonnes 

of chemical waste. This draws the attention of those who wish to regulate dumping to
dredged material (Campbell 1993). Recognising that dredged material is mainly natural
sediment, only a small proportion of which has been contaminated, a number of organisations,
including PIANC, IAPH and CEDA, launched a campaign to change the image so that
gradually dredged "spoil" became known as dredged "material". This term is now embedded
in the Conventions and has been a contributory factor in getting dredged material treated as
a special case. This is an example of the positive influence which non government
organisations (NGO's) can have. '

At the heart of both Conventions are two basic principles (the precise wording varies
and is here abbreviated):

Presented 

by T. Neville Burt, Principal Engineer, Ports and Estuaries Group, Hydraulics and Research
Wallingford, United Kingdom
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(a)

The 

precautionary principle, by virtue of which preventative measures are to be
taken when there are reasonable grounds for concern that substances or energyintroduced 

into the marine environment may bring about hazard, harm, damage orinterference, 
even when there is no conclusive evidence of a causal relationship

between inputs and the effects.

(b) The polluter pays principle, by virtue of which the costs of pollution prevention,
control and reduction measures are to borne by the polluter.

A logical development of the first is the "reverse list" whereby only substances whichhave 
been proved not to cause harm are permitted to be dumped. The let-out phrase is

"reasonable grounds for concern".

The London Dumping Convention became the London ;<;;onvention 1972 (LC 72) in
1993, the change being to avoid the implication that it w~ a/clilb for people who dump.
Membership is open worldwide and currently about 70 coUntries have signed. The Oslo and
Paris Conventions still exist although they are in the process of merging to be called the
OSPAR Convention. This covers the north-east Atlantic and North Sea and is open to
countries which border these sea areas or who have rivers passing through which discharge
into them (eg Switzerland and Luxembourg).

Although there is a strong moral obligation for Contracting Parties to comply with theterms 
of the conventions there is a lack of any wider legal commitment: enforcement is a

matter for each country to organise and legislate for internally.

THE LONDON CONVENTION 1972 (LC 72)

The Convention begins by setting out the basis and objectives (here abbreviated and
paraphrased)

"The 

Contracting Parties,

Recognising that the marine environment and living organisms are of vital importanceto 
humanity;

Recognising 

that the capacity of the sea to assimilate wastes is not unlimited;

Recognising 

that States have the right to exploit their own resources and the
responsibility to ensure that this does not cause damage to the environment of other
States;

Recalling 

a resolution of the United Nations on the principles governing the sea-bedbeyond 
the limits of national jurisdiction;

Noting 

that marine pollution originates in many sources, such as dumping and
discharges through the atmosphere, rivers, estuaries, outfa1ls and pipelines and that it is
important that States use the best practicable means to prevent such pollution and
develop products and processes which will reduce the amount of harmful wastes to be
disposed of;
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Being convinced that action must be taken without delay to control pollution by
dumping but that further measures should be taken to control the sources of pollution;

Have agreed as follows:

Article 

1

Contracting Parties shall promote the effective control of all sources of pollution of the
marine environment, and pledge themselves to take all practicable steps to prevent the
pollution of the sea by the dumping of waste and other matter that is liable to create
hazards to human health, to harm living resources and marine life, to damage amenities
or to interfere with other legitimate uses of the sea.

Article 2

Contracting Parties shall take effective measures individually, according to their
scientific, technical and economic capabilities, and collectively, to prevent marine
pollution caused by dumping and shall harmonize their policies in this regard."

Article 

3 defines dumping.

Article 

4

Contracting Parties shall prohibit the dumping of any wastes or other matter in
whatever form or condition except as otherwise specified below:

1,

the 

dumping of wastes or other matter listed in Annex 1 is prohibited;(a)

the dumping of wastes or other matter listed in Annex 2 requires a prior

~~ permit;
(b)

the dumping of all other wastes or matter requires a prior general permit.(c)

Any permit shall be issued only after careful consideration of all the factors set
forth in Annex 3, including prior studies of the characteristics of the dumping site.

2.

This paragraph says that anything else, not listed in Annex 1, can be prohibited
by a Contracting Party if it so wishes.

3.

Article 5 deals with "force majeure". This means if there is a threat to human life or
other overriding considerations the provisions of Article 4 will not apply.

Article 6 instructs each Contracting Party to designate an appropriate authority to issue
licenses, monitor dumping and keep records.

Article 7 extends the scope to cover vessels acting under the country's jurisdiction even
though not in territorial waters.

It also requires Contracting Parties to take appropriate measures to Qrevent and PoYni.§l!
conduct in contravention of the Convention.
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Article 8 encourages the fornlation of Regional Agreements.

Article 9 encourages cooperation between parties and with other organisations for
training, supply of equipment and facilities.

Article 10 talks about liability in the event of a breach of the Convention.
Other Articles are concerned mainly with the details of procedures for setting up and
operating the Convention and making provision for a continuous review process.

Annexes

Annex I

Under Article 4, Annex I substances are prohibited. This is known as the "Black List",here 
with abbreviated descriptions.

2.3.4.

5.6.7.

Organohalogen compounds
Mercury and mercury compounds
Cadmium and cadmium compounds
Persistent plastics
Oil and oil products
High level Radioactive substancesMaterials 

produced for biological warfare.

Item 8 gives exemption to the above listed substances which are "rapidly renderedharmless" 
provided they do not make edible organisms unpalatable or endanger human health

or that of domestic animals.

Item 9 gives exemption to dredged material containing the above substances as "trace
contaminants" but subjects such material to Annex II status.

Annex II

Under Article 4, Annex 2 substances require a special permit. These are known as the
"Grey list" or "Special Care" substances

A.Wastes 

containing significant amounts of:
arsenIc
lead
copper
ZinC

organosilicon compounds
cyanides
flourides
pesticides and their by products

B.

Additional 

list in the case of disposal of large quantities of acids and alkalis
1- 11 ,
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vanadium

c.

Generally bulky wastes which may cause a hazard to fishing or shipping.

D.Radioactive 

wastes (other than high level)

E.Concerns 

incineration at sea

F- Substances which, though non toxic, may become harmful due to the quantities in
which they are dumped.

Annex III

This Annex lists the provisions to be considered (special care) in establishing criteria
governing the issue of permits (arising from Article 4.2) It contains the following 3 sections.

A.

Characteristics and composition of the matter.
This includes the total quantity to be dumped, its form, its physical, chemical and
biological properties, its toxicity and persistence and its susceptibility to change.

B.

Characteristics of dumping site and method of deposit.
These include location, rate of disposal, methods of packaging, initial dilution,
dispersal characteristics, water characteristics, sea bottom characteristics and the
existence of other dumpings in the area.

c.General 

considerations and conditions.These 
include possible effects on amenities, marine life, other uses of the sea andthe 

practical availability of alternative land disposal or treatment.

Dredged 

material guidelines

The dredged material guidelines recognise that the major part of sediments dredged from
the waterways of the world are not polluted and that dredging is essential to maintain
maritime transport. Their purpose is to give regulatory authorities a means of interpreting
paragraphs 8 and 9 of Annex I (the exemption clauses "rapidly rendered harmless" and "trace
contaminants") and in the application of the "special care" considerations of Annex III. The
guidelines are given in three sections summarised below.

Conditions 

under which permits for dumping of dredged material may be issued.

A general permit can be given if:

although Annex I substances are present, they are determined to be present as a
"trace contaminant" or to be "rapidly rendered harmless" by physical, chemical or
biological processes in the sea provided they do not:
make edible organisms unpalatable, or endanger human health or that of domestic
animals; and

2.the 

dredged material contains less than significant amounts of substances listed in
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Part 

A of Annex II and meets the requirements of part C of Annex II.

"Less than significant" means:

Pesticides not covered by Annex I and lead: 0.05% or more by weight in the
material;

All 

other substances listed in Annex II, para A: 0.1 % or more by weight in thematerial.

In summary, notwithstanding the above, this means a permit can be given if
Annex I substances are only present in "trace" quantities and Annex II A
substances are only present in "less than significant" quantities.

Assessment of the characteristics and composition of dredged material

This relates to Annex III giving specific guidance on the listed parameters to be
considered.

1.

Total amount and average composition of matter dumped (e.g. per year)

2. Form, e.g. solid, sludge, liquid; or gaseous

The following information should be obtained:

gross wet tonnage per site (per unit time)
method of dredging
visual determination of sediment characteristics (clay-silt/sand/gravel/
boulder)

In the absence of appreciable pollution sources dredged material may be exempted
from further testing if it meets one of the criteria listed below.

Dredged material is composed predominantly of sand, gravel or rock and the
material is found in areas of high current or wave energy;

Dredged material is for beach nourishment or restoration and is composed
predominantly of sand, gravel, or shell; and

(3) Dredged material not exceeding 10,000 tonnes per year from small, isolated and
single dredging operations, e.g. at marinas or small fishing harbours. Larger
quantities may be exempted if the material proposed for disposal at sea is situated
away from known sources of pollution.

3.

Properties: physical (e.g. solubility and density), chemical and biochemical (e.g. oxygen
demand, nutrients) and biological (e.g. presence o/viruses, bacteria, yeasts, parasites).

Chemical characterization will be necessary as a first step to estimate gross
loadings of contaminants. This should not mean exhaustive chemical analysis;
knowledge of local discharges or other sources of pollution, supported by a selective
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analysis, may often be used to assess the likelihood of contamination. Where such an
assessment cannot be made the levels of Annex I and II substances must be established
as a minimum.

Where this information coupled with knowledge of the receiving area, indicates
that the material to be dumped is substantially similar in chemical and physicalproperties 

to the sediments at the proposed disposal site, testing" described in thefollowing 
section might not be necessary.

Where chemical analysis is appropriate, further information may also be useful ininterpreting 
the results of chemical testing, such as:

density;

per cent solids (moisture content);
grain size analysis (% sand, silt, clay); andtotal 

organic carbon (TOC).

In addition, there are several other parameters which may facilitate the
interpretation of the behaviour, fate and effects of dredged material (e.g. sedimenttransport, 

pollutant transformation, sediment mitigative properties).

Sampling of sediments from the proposed dredging site should represent thevertical 
and horizontal distribution and variability of the material to be dredged.

Samples should be spaced so as to identify and differentiate between non-contaminated
and contaminated locations.

4.

Toxicity

Persistence: 

physical, chemical and biological

5.6.

Accumulation and biotransformation in biological materials or sediments

The purpose of testing under this section is to establish whether the disposal at sea
of dredged material containing Annex I and II substances might cause undesirable
effects, especially where the possibility of chronic or acute toxic effects on marine
organisms or human health, whether or not arising from their bioaccumulation in marine
organisms and especially in food species.

Susceptibility to physical, chemical and biochemical changes and interaction in the
aquatic environment with other dissolved organic and inorganic materials

7

Contaminants in dredged material, after dumping, may be altered by physical,
chemical and biochemical processes to more or to less harmful substances. The
susceptibility of dredged material to such changes should be considered in the light ofthe 

eventual fate and effects of the dredged material. In this context field verification
of predicted effects is of considerable importance.

Probability of production of taints or other changes reducing marketability of resources
(fish, shellfish, etc.)
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Proper dump site selection rather than a testing application is recommended. Site
selection to minimize impact on commercial or recr~ational fishery areas is a major
consideration in resource protection and is covered in greater detail in section C2 of
Annex III.

Disposal management techniques

Ultimately, the problems of contaminated dredged material disposal can be controlled
effectively only by control of point source discharges to waters from which dredged material
is taken. Until this objective is met, the problems of contaminated dredged material may be
addressed by using disposal management techniques.

Relevant techniques include the utilization of natural physical, chemical and biological
processes as they affect dredged material in the sea; for organic material these may include
physical, chemical or biochemical degradation and/or transformation that result in the material
becoming non-persistent, non-toxic and/or non-biologically available. Disposal management
techniques may include burial on or in the sea floor followed by clean sediment capping,
utilization of geochemical interactions and transformations of substances in dredged material
when combined with sea water or bottom sediment, selection of special sites such as in abiotic
zones, or methods of containing dredged material in a stable manner (including on artificial
islands).

Future trends

Revisions of the London Convention are under consideration. Amendments being
considered will firstly include the sea bed in the definition of the marine environment and
secondly extend the definition to include estuaries up to the tidal limit. The effect will be to
bring virtually all dredging activity (ie. not just disposal) under the convention.

There are two principal aims of the revision process. The first is to strengthen the
control over disposal at sea, the second is to increase acceptance of the Convention such that
it is truly more global.

The Convention has adopted a new method of assessment of the suitability of material
for disposal. This is known as the Waste Assessment Framework (WAF). The implementation
is not clear yet but one of the options is that it will replace the Annex structure of the
convention. The dredged material guidelines are under review also and will no doubt be
formed in such a way as to complement the WAF.

It would be premature to say how this will affect dredged material except perhaps tonote 
that disposal of material for which contamination is not a concern will still be subjectto 

an audit such that sea disposal will be permitted subject to consideration of beneficial use
options and assessment of disposal site impacts.

OSPARCON

The revision of the Oslo and Paris Conventions was completed in 1992 and the new
version is called the OSP AR Convention. Although the convention has been signed it has not
been ratified yet. Nevertheless parties have agreed to implement it with immediate effect. Both
the Oslo and Paris Conventions covered the sea areas of the North-east Atlantic and the North
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Sea. The two original conventions were:

~
Convention for the Prevention of Marine Pollution by Dumping from Ships and Aircraft,

1972; and

~
Convention for the Prevention of Marine Pollution from Land-based Sources, 1974.

The new Convention has four Annexes:

On the prevention and elimination of pollution from land based sources;
On the prevention and elimination of pollution by dumping or incineration;
On the prevention and elimination of pollution from offshore sources;
On the assessment of the quality of the marine environment.

1.
2.
3.
4.

The disposal at sea annex is set out in the form of a reverse list of materials that may
be dumped at sea. At the top of the list is dredged material.

As with the London Convention there are dredged material guidelines.

Dredged material guidelines

In 1989, the Oslo Commission decided to review the 1986 Guidelines. France organised
a Seminar in Nantes in November 1989 (Ministre de L 'Environment 1990) on the
environmental aspects of dredging and examined ways of reducing the impact. A number of
management tools were identified which were incorporated in the revised guidelines. The
revised guidelines will be incorporated into the SP AR Convention. The guidelines are
presented in two parts. Part A deals with the assessment and management of dredged material
disposal, while Part B provides guidance on the design and conduct of monitoring of marine
and estuary disposal sites. The assessment should contain a concise "Impact Hypothesis"
which will also form the basis of subsequent monitoring.

The main constituents of Part A of the guidelines are:

Conditions under which permits for dumping of dredged material may be issued;

Assessment of the characteristics and composition of dredged material;

Guidelines on dredged material sampling and analysis;

Characteristics of dumping site and method of deposit;

General considerations and conditions;

Disposal management techniques.

As the original version of the OSCON Guidelines was drawn up in parallel with the LC
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Guidelines they are very similar in both structure and content. An important difference
between them is that asp AR offers more flexibility in the case where concentrations of
contaminants exceed "trace" levels. If it can be shown that marine disposal is the "option of
least detriment" it may be permitted whereas under the LC guidelines such material would be
prohibited. Another difference is that oil and its products, listed in Annex I of the LC are not
included.

CONCLUSION

Disposal of dredged material is now centre stage (Campbell 1993) and will come under
closer scrutiny by the conventions, if only because virtually everything else has been or is
being phased out. The next major issue at LC 72 is the revision of the dredged material
guidelines.

One rather sad result of the increasingly stringent regulations is that many developing
countries cannot join the conventions because of the amount of contaminated material they
have and their inability, at least in the short term, to conform due to lack of technology,
financial resources and infrastructure.

2. Pollution standards

One of the difficulties in applying the London Convention is that it does not give
absolute standards but uses phrases such as "trace", "significant" and "rapidly rendered
harnlless, all of which are qualitative rather than quantitative. There is some justification for
this because what might be a natural background concentration in one situation with its
associated evolved ecology might have serious deleterious effects in another. There is thus a
need to take into account a number of factors as listed in Annex III, mainly based on the
assimilative capacity of the receiving environment. The purpose of this is to establish whether
the disposal at sea of material containing Annex I and II substances might cause undesirable
effects, especially chronic or acute toxic effects on marine organisms or human health.

Metals

In this section a brief resume is given of the characteristics of the main heavy metals
and organic contaminants. The information is partly extracted from Delwell1991 and Halcrow
1991.

Arsenic, cadmium, chromium, copper, lead, mercury, nickel and zinc are classified as
heavy metals. Of these cadmium and mercury appear in the London Convention's Annex I,
arsenic, lead, copper and zinc are in Annex II A and chromium and nickel are in Annex liB.
Copper and zinc are essential trace elements in the nutrition of organisms, so concentrations
that are too low are harmful to an ecosystem. these toxic metals are widely used by man and
most inshore sea beds have enhanced concentrations. Several accidents are reported in the
literature. The most famous one being the Minamata accident in Japan where mercury had
serious effects on the population through the ingestion of contaminated fish.

There is little knowledge of the level at which the various metals become harmful which
is why there is a lack of absolute standards. The long term effects are extremely difficult to
measure. For example some metals may have carcinogenic and metagenetic properties. In
recent research it has been found that it is not just the metal but the specific form of the
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compound that influences the toxic effect on the organism. This means it is extremely difficult
to set standards and is the fundamental reason for the establishment of the "precautionary
approach" described elsewhere.

Metal concentrations of the sediments depend on the metal input to the water and the
environmental conditions. The latter determines the dissolved and absorbed fractions in the
water. Due to increasing salinity and decreasing oxygen and pH, desorption of metal takes
place, causing an increase in the dissolved fraction. On the other hand, flocculation will take
place due to increasing chlorine content which will cause adsorption of metals onto the
sediment and deposition of the flocculated particles.

The greater part of the metals emitted to the environment are transported by water
eventually reaching the sea. An exception is lead for which the main source is vehicle exhaust
into the atmosphere.

Once the sediment particles have settled, many kinds of processes take place. Different
chemical bonds affect the biological availability and therefore the toxicity.

Aquatic organisms will concentrate metals from the ambient water to levels far
exceeding the metal levels in the water, thus retaining them within the biologically active
coastal waters. High standing crops of phyto- and zooplankton may absorb a large part of the
metals brought to the coastal zone via rivers and outfalls. Included into faecal pellets or dead
organisms, the metals may then settle and become incorporated into coastal sediments.

Many metals are released into the environment in relatively non-toxic forms.
Subsequently they may acquire an enhanced toxicity as organometallic compounds, through
environmental interactions involving both biological and non-biological processes.

Arsenic

Arsenic usually exists in nature in sulphide ores. The major uses of arsenic currently are
in pesticides, herbicides, cotton desiccants and wood preservatives. Arsenic also serves as a
bronzing or decolourising agent in the manufacture of glass, especially opal glass, and
enamels. Historically it has been used in dyestuffs and chemical warfare gases and it is still
used in the purification of industrial gases for the removal of sulphur.

Cadmium

Cadmium production is linked t50 primary zinc production, since cadmium is a
component of the zinc ore. Its main uses are in nickel/cadmium batteries, as bright yellowpigments 

in paints and as a stabiliser of synthetic material. It can indirectly be released as part
of phosphate feeds and fertilizers.

Chromium

Chromium is one of the least toxic of the trace elements on the basis of its oversupply
and essentiality. Generally the body of animals can tolerate 100 to 200 times its total body
content of chromium without harmful effects. The principal industrial consumers of chromium
are the metallurgical, refractory and chemical industries. An important consumer for many
years has been the tanning industry. Other uses are in pigment production and industries using
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chromium alloy for plated materials.

Copper

Copper is unusual in that it is usually used in its pure state because of its excellent
conductivity of electricity and heat. It is also used in its alloys like brass and bronze. Copper
will usually precipitate from the water phase and as a result concentrations in sediments may
become high. About 1 % of dissolved copper is regarded as unstable and as a result is
biologically easily available. A high proportion is usually associated with sediment.

Copper is accumulated to a high level by a number of organisms at various trophic
levels. Based on BCF values of about 1000 and the persistence of copper, a high level of
accumulation may be expected in the aquatic environment, especially in invertebrates. Fish
do not accumulate very much copper.

Lead

Lead is mainly used in storage batteries (40%) alkyl lead production (12%), cable
sheathing (9.2%), pigments(12%), alloys (10.8%). Lead is poorly soluble in water and
accumulates in the food chain as a cumulative poison.

Mercury

Mercury is released into the environment through its own production and other human
activities such as the combustion of fossil fuels and waste disposal. About 25% is consumed
by the chlor-alkali industry, 20% is used in electrical equipment, 15% in paint, 10% in
measurement and control systems such as thermometers, 5% in agriculture, 3% in dental
practice and 2% in laboratories. The cytoxic properties of mercury compounds have led to a
widespread usage as germicides and fungicides. Most industrial countries have now banned
this use and the alkyl- mercury compounds have decreased. this trace metal is considered non-
essential and highly toxic for living organisms. Even at low concentrations mercury and its
compounds present potential hazards due to enrichment in the food chain. Poisoning by
methyl-mercury compounds presents a bizarre neurological picture, as observed in the large
scale outbreaks in Japan and Iraq.

In Europe it is the intention to eliminate all pollution by mercury. Permit levels are on
the basis of the best available means for removing it from discharges.

Nickel

Nickel is found in sulphide ores, mainly those mined underground, and in oxide ores
which are mined in open pits. About 40% of nickel produced is used in steel production. It
is also used in other alloys for coins and various household utensils. Electroplating with nickel
sulphate accounts for a further 20%. Nickel hydroxide is used in nickel-cadmium batteries.
Nickel is considered to be essential for several animal species but its necessity for human
beings has not yet been shown.

Ie

The most important uses of zinc are protection against corrosion, leaf-zinc in roof
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guttering, in alloys with copper (brass) , components of injection moulding alloys in cars,
washing machines, etc., batteries, as an oxide in rubber tyres, as organic zinc in as "dope" in
oils and an additive in animal feed stuffs. Zinc is one of the most abundant, essential trace
elements in the human body. It is a constituent of all cells and several enzymes depend upon
it as a cofactor. Accumulation in the food chain does not seem to be of importance.

Comparison of Metals and Metalloids

Dutch "Harmless Level"
mg/kg

Dutch "Maximum Quality"
mg/kg

Copper
Zinc

36 55

140 340

Lead

85 100

Cadmium 0.8 3.5

Nickel 35 40

Chromium 100 100

Mercury

Arsenic

0.3 0.8

29

30

Attempts have been made by some countries to establish absolute standards. Where these
have been imposed they are generally more stringent than the London Convention's definition
of significant. For example Hong Kong have adopted a classification system based on heavy
metal concentrations (ppm by weight) as follows:

Class

A

Co

28

55

65

Cd

0.40

1.00

1.50

Cr

25

50

80

Pb

35

65

75

Ni

25

35

40

Zn

75

150

200

Hg
0.2

0.8

1.0

B

C

General background levels. Sediment with concentrations below the threshold for
Class B are regarded as uncontaminated.

Class A:

Sediment with concentrations above the stated levels is regarded as mildly
contaminated.

Class B:

Class C: Sediment with concentrations above the stated values are regarded as highly
contaminated.

Some examples taken from a number of sources help to illustrate the range of values
(Table on page 94)
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Organic Substances

Organic compounds occur naturally, but the majority of them have been synthesised by
man. Their fate in the aquatic environment is highly dependent on their sorption onto
suspended particulates, particularly the organic matter. P AH' s in the environment are generally
associated with heavy industrial activity. PCBs. although declining significantly in the UK are
still reaching the environment from industrial and municipal sources.

The relative toxicity of the organic substances absorbed onto the river sediments can be
judged against figures reported to the London Convention by the Netherlands, of "harmless
levels" and "maximum quality" of carcinogenic materials. In the Netherlands, "harmless level"
is currently recognised as the "no effect" level. Although referred to a "standard soil"
containing 10% organic matter and with 25% less than 2 micron, these appear to be the only
figures for the quality of dredging for disposal which are currently applied in Europe and are
themselves under review.
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Comparison of Toxic Organic Substances

Dutch "Harmless Level"
mg/kg

Dutch "Maximum
Quality" mg/kg-

PAHsNaphthalene

PhenanthreneAnthraceneFluoranthene

Chrysene

0.01

0.10
0.10
0.100.01

1.0
0.10
10

10

10

1.9
1.60.63.1

1.6
1.2
1.6

10

10

10

b (a) anthracene
b (a) pyrene
b (k) fluoranthene

Indenopyrene

b (ghi) perylene

PCBs

28

52101118138153180

0.001
0.0010.010.010.010.010.01

0.02

0.02

0.02

0.02

0.02

0.02

0.02

Pesticides

'Y-HCH
Endrin
HCB
DDE DDDOil

0.010.010.010.1

50

0.02

0.02

0.02

0.1

1400

3. 

International oractices for regulation

Under the London Convention signatories have to be able to comply with the Articles.
In brief these mean:

(i)

prohibiting 

the disposal of any material which does not comply with thepermissible 
standards;

having 

an appropriate legal structure for licensing and enforcement and;

monitoring 

and recording the disposal which takes place.
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In most countries the responsibility for licensing and enforcement is taken by a
Government Department, usually a Ministry or Department of the Environment or similar
body. Sometimes it is delegated to from here to an Environmental Protection Agency or
similar body. Other governments put the responsibility in Transport, Marine or Fisheries
Departments. In the United Kingdom it is the Ministry of Agriculture Fisheries and Food
which undertakes licensing, enforcement and monitoring.

Licensing

Anyone wishing to dispose of dredged material should apply for a licence. A licence
application should generally contain the following information although in some cases (eg
clean sand) some testing of chemical and biological factors con be omitted:

A. CONCERNING THE MATERIAL

2.

3.

4.5.6.7.

Source, total amount and average composition (eg per year)
Form (solid, sludge, liquid, gaseous)Properties: 

physical (e.g. solubility and density), chemical and biochemical
(e.g. oxygen demand, nutrients) and biological (e.g. presence of viruses,
bacteria, yeasts, parasites).
ToxicityPersistence: 

physical, chemical and biological
Accumulation and biotransformation in biological materials or sediments
Susceptibility to physical, chemical and biochemical changes and interaction
in the aquatic environment with other dissolved organic and inorganic materials
Probability of production of taints or other changes reducing marketability ofresources 

(fish, shellfish, etc.) ..

8.B.CONCERNING 

THE METHOD OF DISPOSAL

9.

10.
11.12.

Details 

of the dredgers or barges to be usedDetails 
of proposed method of placementRate 

of disposalProposed 
monitoring system

c.

CHARACTERISTICS OF THE DISPOSAL SITE

13.14.15.16.17.Location
Dilution and dispersion characteristics
Water characteristics
Sea bed characteristicsExistence 

of other dump sites in the area

D GENERAL CONSIDERATIONS

18.
19.20.21.22.

Possible 

effects on amenitiesPossible 
effects on marine life

Other uses of the sea
Availability of alternative land disposal or treatment
Consideration of possible beneficial uses.
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In granting a licence for disposal of sediment the Authority should aim to comply as
closely as possible with the London Convention, specifically using the Dredged MaterialGuidelines 

summarised earlier. They should also consult with other bodies having an interest
or able to assist in evaluation.

Monitoring

Monitoring of a disposal area has two components, surveillance and scientificinvestigation. 
Surveillance refers to an assessment of the spacial and temporal changes in thedistribution, 

fates and effects of contaminants introduced by specific dumping operations.
Scientific investigation is aimed at improving understanding of the fates and effects ofcontaminants 

released into the marine environment.

It is also important to monitor the harbour sediments. Hopefully, if remedial action isbeing 
taken to reduce contamination at source, this will show that the level of pollution in the

sediments is reducing.

Guidelines for monitoring are given in LC72. The main purpose in this respect is todemonstrate 
the acceptability and compliance of the overall intent of the Convention. Thismeans 

that each country or group of countries should provide documentation that the
convention has been adhered to with respect to its area of jurisdiction. Monitoring should bedesigned 

to document that the magnitude, scale and duration of environmental effects relatedto 
permitted dumping activity do not exceed those expected and accepted as a result of the

pre-permit assessments as described above.

If, for economic reasons in a particular situation, it is decided to continue to placecontaminated 
sediments at the disposal ground biological testing is recomrnendedin additionto 

physical and chemical testing, ie. bio-accumulation of contaminants using a fish, acrustacean 
and a mollusc typical of the disposal site.

Enforcement

Under LC72 each party shall take in its territory appropriate measures to prevent and
punish conduct in contravention of the provisions of the Convention. They are also obligedto 

apply the Convention to vessels registered in its territory or flying its flag. It also appliesto 
vessels loading in their ports any matter to be dumped. This gives the state the right to

enforce the convention on ships (ie dredgers) of non-contracting parties.

The Convention gives the right to stop, board and inspect any vessel suspected of
illegal dumping. Any Contracting party may adopt additional measures in accordance with the
principles of international law to prevent dumping at sea.

The question of penalties is a matter for each state to decide. The guiding principle
is that it should relate to the damage caused. This is difficult to evaluate when much of the
damage is likely to be ecological. For dredged contaminated material it should probably be
related to the quantity dumped and the degree of contamination.
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GUIDELINES ON ENVIRONMENTAL IMPACT ASSESSMENT (EIA)
FOR DREDGING PROJECTS

INTRODUCTION TO EIA

Dredging and disposal of dredged material may have a wide range of beneficial,neutral 
or negative impacts on the environment. The potential adverse effects of dredging

and/or dumping include: deterioration of water quality, spreading of cOiltaminants, damageto 
the aquatic and/or terrestrial ecology, current pattern changes, changes in sedimentation and

erosion patterns, damage/hinder to site specific functions like fisheries, tourism, traffic, etc.

To evaluate and minimize the adverse effects that may be caused by dredging and/or
dumping projects, an Environmental Impact Assessment (EIA) is often required.

EIA procedures are designed to identify environmental problems, which may be caused
by a development project and to determine the magnitude of change in the environment. In
the Netherlands for certain types of projects, including major dredging works and the creation
of dredged material depots, EIA studies are required by law.

Through this EIA process design, location and operational changes can be introduced
in the planning phase of a project, to minimize the adverse effects. EIA usually has
preliminary and detailed phases. The first phase is called an Initial Environmental
Examination (lEE) and the second is called the Environmental Impact Studies (EIS) or
detailed EIA.

The lEE is a study on potential impacts, which a proposed project might have on the
environment. The lEE contains a brief statement of key environmental issues, based on readily
available information. Based on this information the lEE indicates whether or not
Environmental Impact Studies have to be carried out. If so, guidelines are drafted for the
studies to be carried out for the specific project.

The EIS is a more detailed study of the probable significant effects, be it beneficial,
neutral or adverse, which a proposed project will have on the environment. The study may
lead to changes in the design, the location and/or operational aspects of the project. By
indicating suitable changes and mitigating measures, the EIA can prevent many of the adverse
effects already in the planning phase of a project. It must be accepted however that due to its
characteristics dredging and dumping projects will always have some impact on the
environment.

Recently new elements have been introduced in EIA studies, to deal with the
sometimes unavoidable adverse effects: rehabilitation and/or compensation programs. Both
programs may form a part of the EIA.

A rehabilitation program may be initiated to undo some of the adverse effects after
normal completion of a planned project. An example is a rehabilitation programme for a
quarry site or a dredge mining area.

Presented by Ronald W. van Oostrum, Senior Project Manager, Applied Dredging Consultancy B.V. (ADC),
Netherlands
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Compensation programs can be initiated, when due to a project, an important type
of environment (for instance a part of a wetland or mangrove forest) will permanently
disappear at the project site. The compensation programme defines how the loss of this type
of environment can be compensated (or recreated) at an other location.

The aim of the EIA study is to supply "Management / Authorities" the information
regarding the environmental consequences of a project. Ample attention should therefore be
paid to a clear and sound presentation of the information. It goes without saying that the
supply of information is not the same as the supply of data.

2.

GENERAL APPROACH TO mE EIA FOR DREDGING PROJECTS

Figure 1 shows schematically some of the technical and environmental features of a
dredging projects. The project is illustrated in the centre. It starts with the planning phase of
a certain type of dredging project.

Depending on:

the type of dredging tool
the dredging methodology
the scale and timing of the project
the selected project sites

the project will have an impact on the values and functions of the local environments at the
dredging and dump sites. These can be beneficial, neutral or adverse. The result of the
execution of the project will be: changed local or even regional environments. Changes in
planning will result in changes in effects. Natural recovery and/or rehabilitation programs will
in time lead to the "final" situation.

It is important to realise that "environmental changes" are natural phenomena. Even
without the project the local environment will change in time. This can be due to seasonal
influences, currents, storms, species dominance, grazing effects, etc. In fact ecosystems are
not static but dynamic systems. This characteristic plays an important role in EIA studies and
related monitoring programs.

It will be clear that a sound EIA requires knowledge of both the project and the local
environment. It is incorrect, to try to predict impacts on the basis of the type of dredger and
the sediment characteristics only. Very often the type and characteristics of the local
environment, as well as the dredging methodology, are of far more importance than the type
of dredger or the sediment type. This is true for all kinds of dredging projects, including
dredging of contaminated sediments, open sea sand dredging and even maintenance dredging
projects.

I t is considered essential that the technical knowledge (characteristics of the dredging
tools and dredging methodologies) is combined with the knowledge of the local environments
(characteristics and dynamics of the local environment, including ecological aspects). The
dredging expert (who most probably will have too little knowledge of the local ecosystem)
therefore will have to work with the ecologist (who will have no or limited knowledge of the
dredging process). One cannot do without the other.

Many, if not most of the negative impacts of dredging can be prevented through proper
dredge planning.
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3.

GENERAL SELECTION CRITERIA FOR DISPOSAL SITES

Planning a dredging project in a technical, economical and environmental sound
manner is not an easy task. In many cases it also requires finding a suitable disposal site for
the dredged material. Clean sediments can be reused (landfill, etc.), but they can also be
dumped at a land or aquatic disposal site. Finding a suitable location for contaminated
dredged material is even more difficult. In view of the contamination, a location for this type
of disposal site must be found with minimal or no risks to men and the environment.

In this section a method and criteria are given for selecting a suitable location for a
dredged material disposal site. This method can be used for any type of disposal siteincluding:

a nearshore disposal site for clean sediments
a land disposal site for contaminated sediments.

A method for finding a suitable location for a disposal site (ref 1 and 2)

Basically, selecting a suitable disposal site is a matter of proper siting. The nearshore
area can have several economic and environmental functions, e.g. fishing, tourism, ship traffic,
nature reserve, etc. Locating a disposal site for dredged material within an important fishing
area, or near a tourist beach, or in a nature reserve is obviously not a good decision.

On land the same problem occurs. Due to the presence of cities, roads, river systems,
ecological or otherwise important areas, it is often not easy to find an area of sufficient size
and with the right characteristics for the creation of a dredged material depot.

A detailed map of the area and the following selection procedure can assist in selectingthe 
right site. The selection procedure comprises four phases:

Phase 1:Phase 
2:Phase 
3:Phase 
4:

Excluding 

phase based on veto criteria;Limiting 
phase based on feasibility criteria;Limiting 
phase based on environmental criteria;Analyses 
and evaluation of remaining areas.

Phase 

1: Excluding phase based on veto criteria

In this first phase areas with clear and recognised functions are excluded. These are
areas which will never be considered for creating a disposal site, like: housing areas, nature
reserves (or important ecological areas), important fishing grounds, touristic areas, areas with
natural resources, etc.

Secondly areas can be excluded on the basis of their size or holding capacity.
Disposal sites often require considerable space. Areas which are too small can therefore be
excluded and marked on the map.

In the Netherlands the quality of the sediments can be used as a veto criterium as well(no 
deterioration of the bottom quality allowed).
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Phase 2: Limiting phase based on feasibility criteria

Accessibility and transport distance are very important aspects in view of technical and
economical feasibility. Areas that are difficult to reach or which will require long transportroutes 

will be less suitable.

Counties or municipalities, which have contaminated sediments within their boundaries
will have less opposition towards having a disposal site on their land than
counties/municipalities, which do not have this problem.

F or the above criteria areas can score positive or negative on a gliding scale. Areas
with a negative end result can be excluded at the end of this phase.

Phase 3: Limiting phase based on environmental criteria

Environmental criteria can include existing current flows, existing groundwater flows
and isolation characteristics of the sediment layers, flora and fauna present, water and
sediment quality, natural turbidity levels, etc.

In the aquatic environment areas with unfavourable current flows, which may lead to
recirculation of the dumped material back to the ports and fairways, are less suitable as well.
For all these criteria, areas can score positive or negative on a gliding scale. Areas with a
clearly negative end result can be excluded at the end of this phase.

Phase 4: Analyses and evaluation of remaining areas

In the final phase of the selection procedure all areas with little ,favourable
characteristics (good accessibility, good infrastructure, no vulnerable ecology, etc.) can be
excluded. This should result in a final list of a small number of areas. To compare these areas
with one another a more detailed analyses of the selection criteria is to be used. The use of
"multi-criteria-analyses" is a useful tool in such cases. This review method comprises:

the alternatives (the different areas)
the criteria (review aspects to be used for all areas resulting in a score for each
area)
weight factors (factors indicating the relative importance of each criterium)

The three main judging criteria are:

infrastructure and transport
risk to man and the environment
regional and state planning policy

It is surprising to see, how simple and fast the method will lead to the best siting
solutions, despite the many aspects taken into account. The only boundary condition is the
definition and usage of clear and well based criteria.

The selection method given can also be used (with different criteria) to select the best
dredging locations and or reclamation sites.
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4. ENVIRONMENTAL MANAGEMENT OF DREDGING PROJECTS

Although many of the effects of a project can be reviewed in the planning phase by
means of an Environmental Impact Study, this is only a part of the environmental
management of a project.

The main goal of environmental management of dredging projects is to ensure that the
effects of a project are studied and monitored in the planning phase, during the execution
phase and after completion of the project.

In this section the following four topics will be discussed:

1)
2)
3)

4)

Pre project site investigations (planning phase);
Evaluation and mitigating measures (planning phase);
Monitoring programs at both the dredging and the disposal site (executionphase);

Post project monitoring of disposal sites (after completion of the project).

As can be seen in figure 1 the effects a dredging and disposal projects can have on the
environment depends on many elements, e.g. the type of project, the type of dredger, the
dredging methodology, the scale and timing of the project, the location of the project, the
local environment. the type of ecosystem, the sediment characteristics, etc. It is therefore
impossible to give detailed guidelines, which are applicable to every project.

PRE PROJECT SITE INVESTIGATIONS

4.1

Simply put, what happens with a dredging and disposal project is:

you are changing the physical environment by removing or placing sediments.
This will have a direct or indirect effect on:

water quality (turbidity, levels of contamination, oxygen level, etc.);
coastal or river hydrology (changes in current patters, changes in
sedimentation and erosion patterns, changes in coastline development,
etc.);
bottom/soil characteristics (type of sediment, level of contamination,
topography, ground water flows, etc.);
aquatic /land ecology (changes or loss of habitats, changes in species
composition, etc.).

These direct or indirect effects are not restricted to the dredging/disposal area only,
they can extent to areas far beyond the project limits. Secondary effects, like effects on
specific functions, like fisheries and tourism can be explained on the basis of the effects on
these four facets of the environment.

you are locally removing/destroying the life layer and the benthic organisms.

Based on the above it will be clear, that the pre project site investigations will require
four types of surveys: a water quality survey, a survey regarding the coastal or river
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hydrology aspects, a sediment/soil investigation survey and an ecological survey.

The limits of the study areas

The extent of these surveys will depend on the project and the proposed method of
execution. Usually these investigations are focused at the area of impact, which can be
different for each type of survey. For instance, the area of concern for the effect of a major
dredging project on coastline development is much larger, than the area in which the sediment
characteristics are investigated.

Not a one day job

The indicated surveys should result in a sound picture of the characteristics of the
area(s) ofconcem. As indicated in section 2, it is important to realize that project sites should
be looked at as dynamic instead of static systems. This characteristic plays an important role
in the pre project site investigations as well.

A one day measurement of the natural turbidity level at the dredging site is not enough
for assessing the limits of the natural background values. This element is applicable to many
parameters to be studied, including the ecology.

The major pre project site investigations include:

WATER QUALITY:
.turbidity
.levels of contamination
.oxygen level
.temperature
.salinity

COASTAL OR RIVER HYDROLOGY:
.currents
.tidal information
.sediment transport
.sedimentation and erosion patterns
.present coastline

BOTTOM/SOIL CHARACTERISTICS
.type of sediment
.grain size distribution
.sediment composition
.level of contamination
.topography
.ground water flows

AQUATIC /LAND ECOLOGY
.types of species
.number of each specie
.spawning /nursery areas & seasons
.migratory routes
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Based on the preproject site investigations the existing environment and project site(s)
can be described. This description should include an analyse& of the uniqueness of all or parts
of the aquatic ecology, e.g.. mangroves, rare or endangered species, nesting or breeding
grounds, spawning areas, etc. Besides, details should be given on specific functions of the
areas, e.g. fisheries, tourism, shipping, pipelines, housing, etc.

4.2 EVALUATION AND MITIGATING MEASURES

Besides a sound description of the existing environment, detailed project information
is required for the evaluation of the project and the effects it will have.

This information should not be limited to the type of dredger and the quantities to be
dredged. In general, the following elements should be included in the project description:

the type of dredging project: maintenance dredging, sand dredging
land/beach reclamation, removal of contaminated sediments, etc.
the locations of the dredging and disposal areas including transport routes
the scale and timing of the project: begin and end date, milestones, quantities
of sediments to be dredged, surface area and layer thickness, etc.
the type of dredger(s) and related equipment: tailing suction hopper
dredger, cutter suction dredger, plough, bucket dredger, siltscreens, blasting
tools, etc.
the dredging methodology: detailed methods statements are important
elements, as this illustrates what is going to happen and how this is going to
happen. This information includes: weekly production rates, dredge planning,
position monitoring systems, dredging specifications, blasting specifications,
etc.

Effects on water quality, coastal (or river) hydrology, bottom/soil characteristics,
aquatic ecology and other functions can be described and marked according the characteristics
of the effects:

.temporary / lasting / permanent

.important / less important
significant / less significant

local/regional
all/part
within / outside natural occurring boundaries
positive / negative

The end result of this activity is a list with all kinds of effects on the existing
environment.

Based on this list, the necessity of mitigating measures, rehabilitation activities and/or
compensation programs can be evaluated and initiated. In some cases the outcome of the
environmental evaluation can be a total rejection of the project (no dredging option).

However, in most cases well defined mitigating measures, will ensure many of the
negative effects can be eliminated or scaled down. The mitigating measures can be related to
the timing of the project, the dredging methodology, the dredging/disposal location, the type
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of dredging and monitoring equipment.

MONITORING PROGRAMS AT THE DREDGING AND THE DISPOSAL SITE4.3

The monitoring programs form a separate group of site investigations. Monitoring
investigations are carried out at regular intervals and in the same predefined manner to collect
certain types of information. Three types of monitoring can be identified:

control monitoring
trend monitoring
effect monitoring

Control monitoring includes measurements on parameters for which reference values
exist. The execution of hydrographic surveys on a regular basis to check if the fairway still
satisfies the predefined boundary conditions, is a sample of control monitoring. Control
monitoring is to a large extent related to information that should be available within a relative
short time frame.

Trend monitoring is focused on assessment of changes, which take place in a longer
time span. The assessment of the changes of water/sediment quality in time, as a consequence
of reductions in industrial discharges is an example of trend monitoring.

Effect monitoring is executed to assess the effects of a human or natural activity.
Monitoring of the effects of sand dredging or disposal of contaminated sediments at sea are
examples of effect monitoring.

It will be clear that comparison of the results of investigations is only possible when
the method(s) of execution (e.g. sampling, measurements) are identical. Besides ,for each of
the parameters of the monitoring program requirements will have to be met in relation to
accuracy and reproducibility.

MONITORING PROGRAMS AT THE DREDGING SITE

Monitoring programs at the dredging site are restricted to control and effect
monitoring. From environmental management point of view the control monitoring activities
are carried out to ascertain that specific types of effects do not exceed certain levels. E.g. that
turbidity (or level of contamination) at a specific location does not exceed a given level, that
oxygen levels do not fall under a given level, etc. Control monitoring activities can also be
carried out to ascertain that specific contract requirements are met, e.g. dredging or disposal
is carried out only within predefined horizontal and vertical boundaries or within predefined
time constrains, the sediment quality after dredging is within predefined limits, etc. All control
monitoring activities require drafting of reference values and norms/limits. Besides, each
control monitoring item requires a description of what to do when the predefined requirement
or norm or limit is not met. Nowadays several automatic control monitoring systems can be
applied for a dredging work.

Effect monitoring programs often have a more study-like nature and can be applied
to almost any element of the dredging project. The information collected can be used to check
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whether the expected effects do indeed occur. It can also be used for planning of future
projects. Some examples are: what levels of turbidity are generated at what distance from the
dredger, what part of the benthic community is removed during dredging, etc.

MONITORING 

PROGRAMS AT THE DISPOSAL SITE

Environmental monitoring programs at the disposal site can also comprise control and
effect monitoring activities. Examples of control monitoring activities include: assessment of
the quantity and quality of the sediments, assessment of quantity and quality of process water,
presence of leakages, sediment movement (in view of reentry of the sediments to a fairway
or port area), etc.

Effect monitoring can be related to generation of turbidity clouds (depending on the
methodology), the effects on benthic species, etc.

4.4 POST PROJECT MONITORING OF DISPOSAL SITES

Post project monitoring of disposal sites is an important and often underestimated
element of environmental management of dredging projects. It is required for every day
management as well as for study purposes (are short and long-term effects predicted
accurately?)

The post project monitoring activities at the disposal sites can comprise all three types
of monitoring, e.g. control monitoring, trend monitoring and effect monitoring.

Control monitoring can be carried out for proper management of the disposal sites.
This type of monitoring can include: levels of contamination of the ground water underneath
the disposal site (no leakage), the quality of run-off water (after heavy rainfall), the quality
of isolation layers/materials (capping material is not eroded), etc.

In view of the relatively long period of post project investigations (often many years),
the distinction between effect and trend monitoring is not always very clear. Trend monitoring
is often related to the recovery of the natural environment, whereas effect monitoring is often
related to the long term changes/effects caused by the presence of the disposal site. Examples
of trend-/effect monitoring include: recolonization of marine dumpsites, changes in coastline
profile due to the presence of coastal depots (Slufter), trends in groundwater quality, etc.
Trend- and effect monitoring programs are likely to stretch over large areas (far beyond the
dumpsites limits).
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