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An artist’s rendering of the proposed Maasvlakte 2. This extension of the Port of Rotterdam has required  

extensive environmental studies and impact assessments to ensure the protection of the adjoining  

Voordelta (Fore-Delta) which is a legally protected Natura 2000 area (see page 20).
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Uncertainty is an element in every aspect of life, but clearly when approaching the environment and 
the potential climate change, facts and fiction are often difficult to distinguish from each other.  
The Aquaterra Conference, Second World Forum on Delta & Coastal Development, recently held in 
Amsterdam, tried to do just this. It stressed the boundaries where scientific research and educated 
estimates can help in future predictions and in finding sustainable solutions. The delegates, in a joint 
statement that will be presented at the fifth World Water Forum in Istanbul, Turkey in March and in 
December at the UN Climate Summit in Copenhagen, Denmark, emphasised “the dynamic nature”  
of the world’s deltas and estuaries and “their vulnerability” as they attract ever more population, 
urbanisation and economic development.

The challenges for the dredging industry are clear. The attention to sustainable development during 
dredging and maritime construction has long been on high alert. And the articles in this issue of  
Terra et Aqua reflect the way in which the industry, day by day, is meeting these challenges. They 
focus on the delicate balance of nature and development. They emphasise the need for analyses to 
predict environmental effects and the efforts that the dredging industry is making to ensure the 
minimal degree of environmental or social impacts during projects, and their dedication to mitigate 
and compensate where necessary. 

Beginning with the summary of the report of PIANC Envicom 13 in which Best Management Practices 
are described, carrying on through the plans and design for a series of causeways at Manifa in Saudi 
Arabia, and ending with the probability forecasting done by environmental studies of the Natura 2000 
area adjacent to the Maasvlakte 2 extension of the port of Rotterdam – attention to sustainable 
development has never been sharper and more thorough. In the book reviews as well are titles of 
great interest to anyone concerned about the current state of the planet and the inevitable effects of 
rising sea levels. 

As an industry, dredgers stand ready to confront the innate tension presented by our modern-day 
need for development to accommodate growing populations and economic realities, whilst taking 
care of the fragility of the natural environment. That coastal cities create a strain between economy 
and ecology is a given that the dredging industry is more than aware of. Investments in research and 
development, such as the Sand Engine and other “building with nature” endeavours, represent 
essential advances as the industry seeks to find more and more ways of working in a sustainable 
fashion. 

The conclusion of the participants at the Aquaterra Conference was that whilst Japan, the Netherlands 
and Belgium may be exceptions, in general, worldwide, governments are not sufficiently aware of the 
urgency of delta vulnerability and risk and water management issues. Not true of the dredging and 
maritime construction industry. These issues are the bread and butter concerns which confront 
dredgers on a daily basis. Years of research, experiments and case studies are there waiting for the 
politicians and public to take note. And new studies are ongoing at the companies and in cooperation 
with ports, universities and environmental consultancies everyday. 

Koos van Oord
President, IADC 
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DReDGInG MAnAGeMent PRActIces 
FoR tHe enVIRonMent: 
A stRUctUReD seLectIon APPRoAcH

AXeL netZBAnD AnD cHRIstIne ADnItt

ABSTRACT

PIANC Working Group Envicom 13 was 
established as a forum for the development 
of prudent guidance for the selection of 
management practices designed to provide 
environmental protection in dredging 
projects. The working group encompassed 
experts from around the world, working for 
the dredging industry, port administrations, 
consultancies and research institutions.

The report has now been published as 
PIANC report Nr. 100 and provides 
guidance for the consideration and selection 
of management practices for environmental 
protection based on objective science-  
and engineering-based factors and 
specifications. It describes in brief the  
full process of a dredging project from 
conception to the operational phase and 
indicates where and how in this process the 
essential decisions on the implementation of 
management practices (MPs) should be 
taken. A distinction is made between MPs 
and best management practices (BMPs). The 
report also discusses the application of the 
“Precautionary Principle” as used in the 
assessment of effects on the environment 
and provides tools to conduct dredging 
projects in an environmentally sound 

manner. Properly applied the precautionary 
principle provides incentives to develop 
better solutions. Risks can be reduced by 
applying correctly selected MPs.

A CD-ROM added to the report provides 
detailed descriptions of potential 
management practices and comprehensive 
information.

INTRODUCTION

Dredging is required to develop and 
maintain navigation infrastructure 
throughout the world. Globally, many 
hundreds of millions of cubic metres of 
sediments are dredged annually, with most 
of this volume being handled in coastal 
areas. A portion of this total represents 
capital dredging, which is essential for the 
development of ports, harbours, and 
navigable waterways. Dredging involves the 
excavation of sediments to increase depths, 
for example, to accommodate the draft of 
vessels or to enable access to new berths.

Maintenance dredging involves sustaining 
sufficient water depths for safe navigation 
by periodic removal of sediment 
accumulated owing to natural and human-
induced sedimentation. It may vary from an 
almost continuous activity throughout the 
year to an infrequent activity occurring only 
once every few years. 

In addition to navigation-related projects, 
dredging is conducted for other purposes 
such as land reclamation, maintenance of 
river flow, beach nourishment and 
environmental remediation of contaminated 
sediments. Dredging therefore is a valuable 
tool for the benefit of mankind, for social 
and economic development, and for 
environmental restoration.

Alongside the recognition of these benefits, 
over a span of decades an increasing 
awareness of the need to protect the 
environment during the conduct of 
dredging projects has emerged. Many of 
the concerns associated with either 
dredging or dredged material placement 
are not based on conclusive evidence that 
these operations pose a meaningful risk to 
the environment. On the other hand, in 
many cases, there is little data documenting 
the absence of risk from specific operations.

Above: Land reclamation projects in the Seychelles have 

provided additional residential and recreational beach 

areas but required close attention to sensitive 

environmental issues.

Dredging Management Practices for the Environment: A Structured Selection Approach  3 
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DREDGING AND THE ENVIRONMENT

The overall management goal of any 
dredging project should be to achieve  
a sustainable solution, subject to sound 
environmental, social and financial impact 
evaluations, weighing and balancing all 
associated risks.

Sediments are a basic component of 
habitats that support aquatic life. Because 
dredging and dredged material placement 
inherently involve disturbance of existing 
substrates, impacts on the environment 
may result (see Figures 2 and 3). To limit 
these impacts many national and 
international conventions have been 
developed, for example, the Dredged 
Material Assessment Framework of the 
London Convention (LC-DMAF). A central 
element of these conventions is the 
conduct of a thorough environmental 
impact assessment (EIA) to identify 
potential effects of a given dredging project 
prior to its execution and to reduce 
uncertainty about the scales of those 
impacts.
 
When an EIA determines that impacts may 
be significant, consideration is given to 
measures that can be taken in order to 
avoid, reduce or mitigate the scale of effect 
to an acceptable level. Many such measures 
which can mitigate against certain impacts 
are available. These are collectively known 
as “dredging project management 
practices”, whereby unacceptable 
environmental impacts of dredging and 
dredged material placement and in some 
instances their transport can be reduced. 
These practices encompass a diverse  
array of options, from relatively minor 
operational changes (e.g., alter the rate  
of sediment removal) to application of 
innovative technologies to restrictions that 
constrain dredging to certain times of the 
year (environmental windows).

In recent years, a more controversial 
management practice has been adopted 
which involves a requirement for an 
“environmental window” for a given 
dredging project. This practice seeks to 
avoid detrimental impacts by constraining 
dredging and disposal operations to a 
“safe” time period. Experience in the 
United States and Australia has shown  
that environmental windows commonly 
complicate contracting and execution 
schedules for capital and maintenance 
dredging projects, may significantly inflate 
costs and lead to difficulties in coordination 
among regulatory agencies. In some cases, 
however, such practices, where properly 
implemented with adequate monitoring  
in place, could provide an acceptable 
protective mechanism for certain receptors 
during known periods of time. In the 
majority of cases, however, environmental 
windows exemplify the implementation of 
a management practice based almost 
entirely on the precautionary principle. 

Few performance measures have been 
developed to assess the effectiveness of 
these management practices. There has 
been little cumulative effort on the part  
of regulatory agencies to gauge the 
effectiveness of the various management 
approaches to identify improved resource 
protection and economically efficient 
management practices. Conceivably, certain 
practices could provide no protection or 
actually add an element of risk to the 
specific project. 

THE PRECAUTIONARY PRINCIPLE

These ambiguities and uncertainties have 
resulted in a wide variety of environmental 
management practices being applied to 
dredging operations with the intention of 
reducing or eliminating perceived environ-
mental risks. With increasing frequency, 
regulators have stipulated that protective 
measures be taken, justified almost solely 
by the “Precautionary Principle”. In brief, 
the precautionary principle states that when 
decisions to protect environmental 
resources are required, and that decision is 
based on knowledge with a high degree of 
uncertainty, one must err on the side of 
caution, i.e. take a conservative approach.  

In some cases the adoption of the 
“Precautionary Principle” is justified by  
the degree of risk to a known sensitive 
receptor. In reality, the adoption of the 
precautionary principle has attained 
acceptance as a “best management 
practice,” irrespective of whether or not 
the beneficial or detrimental aspects of  
this practice are known. 

With regard to navigation dredging, this 
approach can promote restrictions and 
constraints that have significant logistic  
and financial implications. For example, silt 
screens or curtains are often recommended 
to control turbidity. These deployments 
entail considerable cost with a limited 
understanding of their ultimate 
effectiveness (Figure 1).

Figure 1. Application of a silt curtain at Vuosaari, 

Finland harbour construction works. Silt curtains are 

often recommended to control turbidity but their 

deployment is often costly and their effectiveness is not 

completely clear. 
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physical changes that result from dredging 
and the impacts these changes might have 
on the environment is a prerequisite to the 
selection of effective MPs. In addition, 
economic factors, social consequences of 
the project, and acceptance by stakeholders 
are all important considerations in 
optimising costs and benefits of 
implementation in derivation of the BMP. 
Most importantly, all parties should 
recognise that BMPs need to be determined 
on a project-by-project basis. 

DEALING WITH ENVIRONMENTAL 
RISKS IN A DREDGING PROJECT 

MPs are meant to improve the 
environmental performance of a dredging 
project. In the ideal situation, all 
environmental risks associated with a 
dredging project would be quantifiable, 
making the need for specific management 
practices clear. In reality, dredging can 
potentially affect diverse assemblages of 
organisms or their habitats on varying 
spatial and temporal scales.

It is important to recognise that even with 
extensive baseline data and input from 
qualified professionals, an element of 
uncertainty will always be associated with 
the results of an environmental assessment, 
simply because of the dynamic nature of 
marine and freshwater environments and 

The term “best management practice” has 
entered the jargon of many disciplines. 
Herein recognition is given to the fact that 
not all management practice options are 
inherently the “best” practice. For the 
purposes of the report the following 
definitions have been developed: 

Management Practice (MP): A practice 
intended to improve the environmental 
performance of a dredging project, 
inclusive of excavation, transport, and 
placement of dredged material.

Best Management Practice (BMP):  
A management practice, or combination of 
management practices, that is determined 
after impact assessment, examination of 
alternative practices, and appropriate 
stakeholder participation to be the most 
effective, practical, and sustainable means 
(including technological, economic, social, 
and institutional considerations) of 
achieving an environmental performance 
objective.

Many factors influence the selection of 
appropriate MPs for reducing or mitigating 
environmental impacts. Also the perception 
and importance of potential impacts varies 
among different stakeholders (e.g., project 
owner or sponsor, resource agency with 
regulatory authority, conservation 
organisations and the public). For that 
reason, a good understanding of the 
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environment is protected, consistent  
with the proportionality clause of the 
Precautionary Principle. In practice, 
however, the wholesale or random 
application of MPs may or may not protect 
the environment. Determining the 
necessary level of protection in proportion 
to the risk and then selecting only those 
MPs known to be effective at providing  
the required protection is a more robust, 
rational, technically defensible approach.  
In addition, the MPs should, to the extent 
possible, include numerical or other 
appropriate thresholds.

Risk perception is very much driven  
by social, political and/or historical 
circumstances. No solutions can be given 
here. Only the necessity of thorough, 
elaborate and effective communication 
amongst stakeholders from the very 
beginning of a project can be underlined. 
Figure 4 presents a diagram of a project 
management network.

MANAGEMENT OPTIONS AND 
IDENTIFICATION OF APPROPRIATE 
MPS

The report gives a comprehensive overview 
of approximately 100 management 
practices applicable to dredging, transport 
and placement of dredged material. 

The identified management practices are 
categorised. They may be either related to 
the planning and design phase or to the 
construction phase of a dredging project. 
Management practices that are specifically 
relevant in the planning and design phase 
are management tools and planning and 
design tools. The construction phase 
management practices are tools related  
to equipment choice, dredging and 
reclamation methods, institutional and 
control tools. The management practices 
are described in detail with references for 
more in-depth information on a CD-ROM, 
which is enclosed with the report.

To work with the MPs a thorough 
understanding of technical, environmental 
and economic characteristics of the various 
dredging techniques, and of the potential 

and generally accepted options. Rather, the 
choice among options is frequently driven 
by values and perceptions. This tension can 
best be reduced through open lines of 
communication that include:
•	 	A	transparent	process;
•	 	Outreach	that	begins	during	the	earliest	

possible stage of the project and 
continues	throughout	all	phases;

•	 	An	open	and	honest	process;	and
•	 	A	proactive	process	engaging	local	and/

or regional media, because their 
influence on public opinion can be large.

A “correct” evaluation of risks is important, 
both in terms of ecology and economy 
(costs). If the “real” risk is severe, but the 
risk assessment incorrectly finds that they 
are minor, then significant impacts on the 
environment may occur. In contrast, if the 
actual risk is minor, but the perceived risk  
is severe, this may lead to significant project 
delays, rising costs and even significant 
effects on the local economy and 
employment. This emphasises that both  
a thorough impact assessment and open 
communication are essential to the success 
of a project. A proper risk assessment 
should include all aspects of the project 
and not focus on one single aspect.

In the face of uncertainty about the risk 
associated with a dredging project, 
applying MPs adds assurance that the 

the complexity of influencing factors. 
Effects of dredging operations must be 
seen against the background of similar 
natural effects, which result in high levels 
of variability. For example, turbidity caused 
by a storm may be much higher and persist 
for longer when compared to a plume from 
a placement activity. Thus, assessment of 
impacts is often necessarily based on 
unquantifiable assumptions. When the 
assessment of impacts has been built upon 
incomplete information or substantial 
assumptions, this should be acknowledged 
in the appropriate project documentation, 
providing a transparent record of the 
rationale used to undertake the assessment.

It is impractical to apply specific MPs 
without fully balancing the scales of 
potential effects and the benefits to be 
derived. Choosing to adopt a management 
practice is not problematic when the risk is 
clearly significant and the MP can be 
implemented without affecting the project 
schedule and cost. Similarly, when the risk 
to the environment is small and the delay 
or added cost to a project is large, the 
choice to reject a MP appears justified. 
However, in the majority of cases, the 
likelihood of significant effects cannot  
be conclusively substantiated or refuted.

Seldom does an actual project present a 
clear choice between unbiased, neutral, 

Figure 4. Project management network.
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The objective of monitoring is to show that 
the implemented MPs are delivering the 
expected environmental performance. 
Monitoring is particularly important toward 
further reducing uncertainty for a specific 
project or for the future evaluation of MPs. 
It is the first step in determining whether 
additional MPs or corrective actions will be 
necessary to ensure the required outcomes 
of the project. Monitoring programmes can 
be categorised into three types: 

Surveillance monitoring 
This is also known as BACI monitoring 
(Before-After-Control-Impact). This type  
of monitoring assesses temporal and spatial 
changes to selected parameters between 
the prior condition and the current 
condition. This monitoring is the most used 
and simplest to design. The preceding EIA 
study will have identified and predicted the 
impact on the relevant parameters for the 
BACI monitoring programme. The objective 
of a surveillance monitoring programme is 
verification of the hypotheses made during 
the project preparation. 

Feedback monitoring or adaptive 
monitoring 
Feedback- (Europe) or Adaptive (US) 
Monitoring is a special form of surveillance 
monitoring where a few fast reacting and 
predictable environmental variables are 
forecast by modelling and then monitored 

The evaluation chart ranks the potential 
options relative to each other. It is not 
intended to identify the specific level of 
effort and effectiveness required. The 
different shapes and forms show that a 
possible range of effort and effectiveness 
may have to be taken into consideration. 
This exercise has to be undertaken by 
experts in their fields. Following this 
structured approach should ultimately result 
in a technically defensible project with 
reduced environmental impact, balanced 
cost effectiveness, and increased 
transparency to the stakeholders.

The chart is therefore also meant as a basis 
for discussion between all those involved 
|or interested in a dredging project. It is  
not possible that “everybody knows 
everything”, but it is important to recognise 
that good, clear communication needs 
good, clear groundwork.

THE ROLE OF MONITORING

Monitoring can take many forms and fulfil 
various objectives before, during and after 
any dredging and placement project. 
Monitoring is a necessary element in the 
context of BMP application. In particular, 
monitoring can be proposed as a manage-
ment practice in itself or used to assess  
the effect of other management practices.

environmental effects, is required. MPs that 
improve one aspect of a project activity 
could have a negative influence on other 
aspects, or one MP might enhance another 
MP, that in its own right would be less 
attractive. In general, a greater level of 
environmental protection will introduce 
higher costs. Decisions about MP 
application must be made within the 
context of balancing environmental gain 
against economic and social consequences.

In order to facilitate discussion on these 
aspects the report gives a brief description 
of how dredging projects are executed and 
how the environment may be affected by 
the project. A key element of the report is 
the outline of a methodology for arriving at 
a selection of management practices which 
could be defined as the “Best Management 
Practice” (or practices) for the project. 

The selection of the best management 
practice is project specific. The process of 
selecting management practices should be 
based on appropriate baseline data and 
understanding of the ecosystem and 
sensitivity of habitats within the area of 
influence of the project. But of similar 
importance, as stated above, is a high level 
of understanding of the technical and 
economical aspects of the dredging 
process. Proper identification of the best 
management practice for a dredging 
project therefore requires input from 
ecological experts and dredging specialists.

The PIANC report Nr. 100 is written for  
a broad spectrum of stakeholders involved 
in the dredging process, including port 
authorities, regulatory agencies, the 
dredging industry and non-governmental 
organisations such as environmentalists  
and private sector consultancies. It aims  
to provide guidance to assist in decision-
making on the necessity for and selection 
of appropriate management practices.

A section of the report describes how to 
identify specific MPs that address risks 
associated with a given project. Once 
identified, potentially appropriate MPs are 
then screened and ranked according to 
their effectiveness, logistical feasibility and 
potential cost (Figure 5).

Figure 5. Evaluation of MPs in terms of effort and effectiveness.

Preferred practices Last-resort practices

Marginal practices Least preffered practices

Effort

Ef
fe

ct
iv

en
es

s

More than reasonable effort in
relation to size of project

Minimum
desired
effect

Uncertainty in effort

U
nc

er
ta

in
ty

 in
 e

ffo
rt

Combined
Practices

1+2

Practices 4

Practices 1

Practic
es 2

Practic
es 5

Practices 3



8  Terra et Aqua | Number 114 | March 2009

politicians and public interest specialists. 
Technical experts must acknowledge the 
importance of these participants and their 
input must be incorporated into the project 
discourse. Permitting authorities should 
refrain from specifying the means and 
methods by which the work will be 
performed. Rather, they should set 
performance standards which are relevant, 
site-specific, practical and measurable.  
For project control, biological parameters 
should be translated into measurable 
physical parameters wherever possible,  
in order to enable monitoring to proceed.

Selection of management practices should 
be flexible and allow for changes to 
respond to unforeseen conditions during 
project execution. To assess both the 
environmental effects and the result of  
the application of management practices 
specific monitoring is likely to be required. 
Even the most sophisticated BMP will 
become ineffective if not implemented  
in the correct way. 
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possible. To assess these effects an EIA 
needs to be undertaken, which will 
determine the significance of potential 
impacts and also consider cumulative and 
in-combination effects. This enables 
dredging to be put into context with  
other activities, e.g., fisheries, navigation 
and so on. As dredging often takes place  
in a natural environment, uncertainty and 
therefore risk has to be accepted in the 
assessment. This uncertainty can be 
reduced, but not eliminated with  
modelling or additional studies.

A key message is that it is incorrect to 
assume that applying all possible MPs  
to a given project will lead to the best 
protection of the environment. In fact 
indiscriminate application of MPs can 
actually have a net detrimental effect and 
can quickly render a project unaffordable 
and unworkable. It may therefore hinder 
sustainable development and its 
subsequent benefit for society.

Discussion is encouraged between those 
involved in a dredging project (be it the 
client, the permitting agency, environ-
mental NGOs or other groups) on how  
to assess and manage risks. Risk perception 
varies between groups and individuals and 
is value driven. There is no quick solution  
to this potential conflict, early and open 
discussion is considered essential.  
The complex nature of the aquatic 
environment and the interference created 
by dredging related operations make it 
necessary to consult experts.

Characterisation of the environment in 
which the dredging project will occur, 
design of the project, and monitoring 
during the work are fundamental scientific 
and engineering activities. However, as 
nature cannot be modelled completely, 
reliance on expert judgment and 
recommendations, within the context  
of regulations, is necessary to achieve  
a rational outcome and should be 
acknowledged and respected.

Successful planning, development, and 
implementation of a dredging project may 
require involvement of other experts, such 
as regulatory authorities, lawyers, as well as 

continuously during the dredging and/or 
landfill operations. The purpose of this 
monitoring is to ensure that possible 
exceedance of environmental criteria  
can be forecast in such good time that 
dredging plans can be altered accordingly 
and costly down-time avoided. 

Compliance monitoring 
This ensures compliance with contractual 
restrictions. A major objective in planning  
a control and/or monitoring programme  
is to ensure that the dredging process  
is executed in accordance with the  
various restrictions, which are legally or 
contractually imposed. Restrictions can  
vary markedly from one project to another 
depending on the prevailing human and 
ecological conditions at the site. They can 
be either physical (e.g., dredging depth, 
location or transport mode, limitation  
on turbidity or sedimentation rate at a 
vulnerable site nearby), or seasonally related 
(e.g., special seasonally related, that is, 
special restrictions during breeding season) 
or quality oriented. 

One additional objective of any monitoring 
programme is to increase knowledge about 
the environmental conditions and effects of 
a given dredging process. This knowledge 
serves as a basis for a better assessment of 
the environmental effects during future 
dredging projects.

CONCLUSIONS

Generally dredging serves many purposes 
which are for the well-being of the whole 
community, as is the case with ports and 
waterways. Very often dredging projects 
take place in the coastal and estuarine zone 
which is a highly dynamic environment. 
This is also an area of high productivity and 
high biodiversity. In this respect, dredging 
has to work with nature, not against it.  
This is common knowledge in the dredging 
community and the acceptance of this fact 
has led to the development of a wide range 
of MPs.
 
That dredging will have an effect on the 
environment	is	generally	acknowledged;	
projects without any impact are not 
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ABSTRACT

This article reviews the design criteria and 
design development from option study to 
detailed design of an offshore island and 
causeway development off the Eastern 
Province of Saudi Arabia. The Manifa 
project, which is currently under construc-
tion, consists of 21 km of main causeways 
and 21 km of lateral causeways connecting 
to the 27 drilling islands and will support oil 
production of 900,000 barrels/day. The 
islands are each 340 m x 265 m (or 9 ha, 
about the size of 13 football pitches). The 
rock armour revetments are approximately 
120 km in extent and the works require  
the dredging and land reclamation of 
approximately 37 million m3 and the 
placement of 10 million tonnes of rock. In 
order to fulfil environmental requirements 
openings have been introduced to the 
causeway which are bridged by 4 km of 
bridges including one of 2.4 km.

Three concept options are briefly discussed: 
•	 		Scheme	A:	the	construction	of	27	drilling	

islands which are linked by causeways to 
the	land;

•	 		Scheme	B:	the	construction	of	27	drilling	
islands which are grouped in isolated 
clusters by means of causeways. Access 

to	each	cluster	would	be	from	the	sea;
•	 		Scheme	C:	the	construction	of	two	water	

injection islands and associated minor 
causeway together with dredging works 
for offshore platforms. 

The development of the design parameters 
for the project and their implementation in 
detailed design as well as some critical 
practical aspects such as the quality and 
availability of materials – primarily rock  
and sand – are then examined.

Parameters discussed are: 
•	 		Design	water	level;	
•	 		Design	waves	and	return	period;	
•	 		Overtopping;	
•	 		Wave	transmission;	
•	 		Earthquake	loads;	
•	 		Water	circulation;	
•	 		Coastal	morphology;	
•	 		Cross-section	design;	
•	 		Armour	stability	and	model	testing;	
•	 		Rock	quality	and	availability;	and	
•	 		Geotechnical	aspects.	

Of particular interest is the section 
discussing compensatory measures for the 
use of marginal quality rock given restricted 
availability of good quality rock in the 
Arabian Gulf at the present time.

Client is Saudi Aramco and Jacobs 
Engineering were the concept designer  
and the Client’s Technical Advisor. The 
Contractor is Jan De Nul nv. Contract is  
a Lump Sum Turn Key (LSTK) with the 
Contractor responsible for detailed design. 

The authors acknowledge permission of 
Saudi Aramco to publish this paper and  
Its copyright material contained herein. 
Further original data sources are  
acknowledged as below: Figures 1, 2, 3,  
6,	7	by	DHI;	Figures	4,	5	by	Jan	De	Nul;	 
Figures	8,	12	by	Saudi	Aramco;	and	 
Figure 9 by Jacobs UK Ltd and Figure 10  
by David Close.

INTRODUCTION

With increasing world demand for oil, 
Saudi Aramco contracted to bring its 
mothballed Manifa heavy oil field back into 
production with an ultimate production 
capacity of 900,000 barrels of oil per day.

Manifa Field Causeway and Islands, Saudi Arabia  9

Above: Overtopping was studied by physical modelling 

during the design process in order to set the crest 

elevation. Shown here, the modelling of the Main 

Causeway incorporating a Cable Channel conducted at 

the large-scale flume at the University of Ghent.
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CONCEPT DESIGN

Saudi Aramco undertook its preliminary 
reservoir engineering in 2005, fixed the 
numbers and locations of the islands 
required for drilling and water injection and 
made a preliminary assessment of causeway 
alignments and widths.

The concept study evaluated three basic 
schemes being:
•	 	Scheme	A:	The	construction	of	27	drilling	

islands which are linked by causeways to 
the land.

•	 	Scheme	B:	The	construction	of	27	drilling	

Construction commenced in early 2007  
of 21 km of main causeways and 21 km  
of lateral causeways connecting to the  
27 drilling islands. The islands are each  
340 m x 265 m (or 9 ha, about the size  
of 13 football pitches). The rock armour 
revetments are approximately 120 km in 
extent and the works require the dredging 
and land reclamation of approximately  
37 million m3 and the placement of 10 
million tonnes of rock. To fulfil environ-
mental requirements, openings have been 
introduced to the causeway that are 
bridged by 4 km of bridges, including one 
of 2.4 km length.

The Manifa oil field is situated just offshore 
of the Eastern Province of Saudi Arabia in 
the shallow coastal waters of the western 
Arabian Gulf that generally have depths of 
less than 5 metres. The extensive shoals 
would require either extensive dredging to 
create access channels for offshore jackets 
or the creation of drilling islands and access 
causeways for road access for land-based 
drilling rigs. Saudi Aramco commissioned  
a fast track feasibility study followed 
im mediately by procurement of a Lump 
Sum Turn Key (LSTK) contract for the 
design and construction of the preferred 
option.

Figure 1. Mike 21 Mathematical  

Model of Manifa Causeways  

and Islands looking  

from the Southeast.
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using a combination of water level 
measurements recorded at Saudi Aramco’s 
Ras Tanajib Pier (1985-2005) and the 
PERGOS database. This database includes 
numerical hindcast model results of more 
than one hundred historical storms over  
the period 1983-2002. The recommended 
values for extreme tides from the study 
were:
•	 	MSL	is	1.0	m	above	LAT;
•	 	HAT	is	1.8	m	above	LAT;
•	 	100-year	storm	water	level	is	2.2	m	 

above LAT.

An average sea level rise of 5 mm per year 
has been assumed resulting in a water level 
increase of 0.25 m over the next 50 years. 
This assumption was based on the 
contemporary Intergovernmental Panel on 
Climate Change (IPCC) predictions. The end 
of life (50 years) prediction of the 100 year 
storm water level was therefore assumed to 
be 2.45 m above LAT, rounded up to 2.5 m 
above LAT.

Design waves
For islands exposed to the most severe  
100-year easterly direction, the maximum 
significant wave height (see Figures 2  
and 3) was 2.8, with a peak period of 9.1 s. 
The variation in significant wave height was 
from 2.4 m to 2.8 m. This situation 
remained the same for both Schemes A 
and B, but the loss of the main causeway in 
Scheme B caused a significant change to 
design wave conditions in the westerly 
islands which is apparent when comparing 
Figures 2 and 3. During the course of 
detailed design, much more detailed 
investigation of the wave climate was 
undertaken as indicated in Figures 4 and 5.

Overtopping
An understanding of overtopping is critical 
to defining the crest level. The quantity of 
permissible overtopping must first be 
defined. At the concept stage, a figure of  
2 /m/s was selected from a consideration of 
published overtopping damage1 having due 
regard to the nature of the facilities on the 
causeway. There will be occasional small 
buildings but in the main these will be both 
substantial industrial structures and situated 
on the sheltered side of the causeway. The 
facilities on the structure for consideration 

islands which are grouped in isolated 
clusters by means of causeways. Access 
to each cluster would be from the sea.

•	 	Scheme	C:	The	construction	of	two	water	
injection islands and associated minor 
causeway together with dredging works 
for offshore platforms. This scheme 
would have full offshore production.

Saudi Aramco evaluated whole life costs  
of the three schemes (marine and civil 
engineering, and electrical, communications 
and pipelines which were the subject of 
separate parallel studies) and assessed 
programme estimates and construction 
risks in coming to its conclusion.  
Scheme A was selected for the works.

DESIGN BASIS

Given the fast track nature of the works, 
Saudi Aramco had already commissioned 
the King Fahd University of Petroleum  
and Minerals (KFUPM) to undertake an 
Environmental Impact Assessment. As part 
of the EIA work, DHI had been contracted 
by KFUPM to investigate water circulation 
and had already established an offshore 
model for the Ras Tanajib area (see Figure 1). 
DHI had also been nominated as a sub-
consultant for the concept design study.

The hydraulic study was tasked with 
providing:
•	 	Design	water	level	data	for	the	perimeter	

structures of the islands and the 
causeways including sea level rise over 
the	lifetime	of	the	structure;

•	 	Design	waves	for	perimeter	structures	of	
the	islands	and	the	causeway;

•	 	Overtopping	for	design	conditions;
•	 	Operational	wave	and	current	conditions	
for	the	planning	of	dredging	operations;

•	 	Input	to	downtime	statistics	in	terms	 
of wave statistics for three berthing 
locations.

Hydraulic parameters are considered in 
more detail below.

Design water Level
The existing water level prediction for the 
Manifa project was not considered to be 
sufficiently accurate. DHI undertook a study 

Manifa Field Causeway and Islands, Saudi Arabia  11
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undertaken during the detailed design 
phase to define fill levels as well as armour 
crest elevations.

Earthquake
The Eastern Province of Saudi Arabia is not 
seismically active but, after the recent 
Iranian earthquake felt in the United Arab 
Emirates some hundreds of kilometres 
further south, the Client imposed a 
cautious 5% g earthquake requirement for 
this structure.

ENVIRONMENTAL CONSIDERATIONS

Water circulation
Scheme A represented the most potentially 
damaging environmental proposal as it 
would have closed off water circulation if 
constructed as a solid structure. It was 
therefore always envisaged that provision 
for the maintenance of water circulation by 
the creation of openings would have a high 
priority. 

King Fahd University of Petroleum and 
Minerals (KFUPM) undertook the 

Overtopping is a stochastic and highly 
varying parameter that makes it difficult to 
produce empirical relationships that will 
yield accurate results. Different formulations 
can produce results with large differences. 
Overtopping was therefore studied by 
physical modelling during the design 
process in order to set the crest elevation.

Wave transmission
From early discussions with dredging and 
land reclamation contractors active in the 
region, it was envisaged that the cross-
section of the causeways and islands would 
be sand fill with or without quarry run 
shoulders. Together with the rock armour, 
this form of construction represents a very 
porous structure and a major consideration 
in setting fill levels was therefore the 
degree of damping of waves by the 
structure and the consequent elevation of 
the crest of transmitted waves or standing 
water levels within the causeway or island 
body.

Empirical equations due to Barends2 exist 
for the definition of water levels within land 
reclamations but physical modelling was 

of overtopping will be electrical supply 
cables, access roads and pipelines. During 
the detailed design stage, the overtopping 
limit was reduced to 1 /m/s. 

The wave overtopping criterion is 
traditionally presented as the volume of 
water per second per metre of revetment 
which presents the non-coastal engineer 
with a difficulty in comprehension as the 
overtopping figure seems so small. It has to 
be realised that the overtopping is caused 
by a few wave events during a storm, 
typically less than 2% of waves, so that the 
actual volumes within a single wave event 
can be considerable. As an illustration, 
assume that 1 /s/m	is	used	as	the	criterion;	
the total volume per metre during a 3-hour 
storm would be 3600l/m. Most of this 
volume will carried by, say, the largest ten 
waves, which then means that a volume of 
approximately 3.6 m3 of water passes over 
a 10 m long revetment section during such 
individual events. 

Figure 6 was derived during the concept 
study as an aid to defining the necessary 
freeboard to fix the rock armour crest level. 
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obstacle across the shoreline is made. Such 
small changes will not have any impact on 
the quality of the existing coast nor will 
they disrupt any larger sediment circulation 
cells.

There will be localised areas of water 
stagnation behind the main causeway, 
especially in between the projecting 
branches (the lateral causeways leading to 
the islands), which may lead to increased 
siltation. The same sedimentation effect 
and the resulting sediment accumulation 
are also expected to increase the extent of 
finer substrates within the MTBS in the 
medium term.

CROSS-SECTION DESIGN

General considerations
An outline design of the causeway (see 
Figure 8), which was to be developed and 
optimised, was presented to Jacobs at the 
commencement of the study. This outline 
design envisaged fill to 2m above MSL 
(+3mCD) and a rock armour revetment 
with its crest at 5 m above MSL (+6mCD). 
The outline design envisaged the revetment 
to comprise 1-3 tonne rock armour.

Manifa Field Causeway and Islands, Saudi Arabia  13

marine organisms. All expected increases 
are also within the ranges of natural 
variability in the MTBS and the Gulf area,  
in general.

Coastal morphology
The effect on coastal morphology caused 
by the causeway will be very small and 
undetectable from all other natural changes 
except very locally where the causeways are 
connected to the shore. The coastal water 
along the entire stretch is very small so that 
larger waves which could move significant 
quantities of sand cannot come close to the 
coastline in the existing situation, thus 
future sheltering of the coastline by the 
planned causeway will not have an effect.

Close to the two shore connections some 
local accumulation of sand and fines will 
develop on the north side of the structures 
due to the dominant winds from northerly 
directions. At the southern shore 
connection a similar pattern will develop on 
the south facing side of the structure due 
to the rare but more powerful southeasterly 
winds. These accumulations will be the 
result of local generated waves in the 
nearshore zone and this pattern will 
develop at all sites on the coast where an 

environmental assessment3 with DHI 
modelling water circulations under 
KFUPM’s direction. A variety of scenarios 
were investigated ranging from the 
provision of 20% openings throughout  
the length of the structure, through to 
combinations of small openings throughout 
the length of the causeway and a larger 
opening at the root of the main causeway. 
The optimum Scheme A causeway layout 
(see Figure 7) has a 2.4 km long bridge 
near the land connection of the main 
causeway from the -3mCD contour to the 
nearest drill island and openings in the 
main causeway in the form of short bridges 
(150-m-long each) and culverts (50-m-long 
each). 

The time it takes for 50% of the water in 
the Manifa-Tanajib Bay system (or MTBS, 
the enclosed bays in the modelled region 
shown in Figure 7) to be exchanged with 
the Gulf waters is 17 days in the existing 
situation. That would increase to about  
71 days if a solid causeway were created. 
Introducing large-scale openings amounting 
to 20% of the length and distributed 
throughout the causeway length would 
reduce the T50% to 20 days. The 
combination of a long bridge at the 
southeast and 5% openings through the 
main causeway results in a residence time 
of 15 days, which represents an 
improvement in the current situation.

Overall, the potential hydrodynamic 
alterations are expected to result in tidal 
pumping which will generally benefit the 
water exchange efficiency in the MTBS and 
the coastal areas south of the causeway 
onshore approach. Tracer concentration 
simulation and salinity modelling revealed 
that water conditions will improve in these 
affected areas due to a higher rate of water 
renewal resulting from the intensified flow 
regime. 

In connection with the effects on local 
hydrodynamics, changes in basic water 
quality conditions (water temperature, 
salinity and dissolved oxygen) will not be of 
serious concern. The average increments in 
water quality parameters at the local and 
regional scales are generally negligible and 
perceived to within the tolerance limits of 

Crest freeboard as function of slope for 2 l/s/m - NN equation
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rock. It was considered that this grade of 
rock would be more readily available.

The concept design (see Figure 9) for the 
revetment on the exposed side was 
standardised on an average slope of 1 in 
2.25 with rock armour of 1-3 tonnes. The 
crest of the causeway was set at +5mCD 
(4m above MSL and 2.5m above the 1 in 
100 year storm water level) and the crest  
of the armour set from overtopping 
considerations at +5.5mCD (3 m above  
the 1 in 100 year storm water level).  
The sheltered side has a very limited 
exposure to the northerly Shamal winds 
over a limited fetch and was standardised 
at an average slope of 1 in 3 with a single 
layer revetment of 150-500 kg rock. The 
crest of the causeway was set at +4mCD 
from considerations of cross-fall and was 
not defined by overtopping requirements. 
Figure 9 shows a cross-section of the main 
causeway with the pipelines set on the 
sheltered side and electrical cables fixed on 
trays in a pre-cast U-shaped concrete 
channel. The concrete channel is set  
above the level of the rock armour crest 
to provide shelter to the cables from 
overtopping waves. The height of the 
seaward side of the channel has been 
determined by physical modelling to 
maintain the set overtopping limit. 

Owing to tight time constraints, the 
concept study wave modelling derived 
wave heights for island groups rather than 
individual islands. It did, however, derive 
wave heights from different directions.  
It was therefore possible to design rock 
armour for exposed and sheltered sides of 
islands and causeways. Concept design 
armour sizes were derived from the well- 
known van der Meer equation4 and cross-
checked using the older Hudson formula. 

A concern of the concept study, and one 
which the Client had recognised from his 

own studies, was the availability of rock for 
the works given the very active state of 
marine construction within the Arabian 
Gulf. Enquiries with major Contractors 
involved in these ongoing, very large, 
prestige projects confirmed that rock supply 
was likely to be a major concern for 
tenderers for the Manifa contract.  
 
This concern affected the manner in which 
the concept study was conducted and the 
concept designs were therefore optimised 
on 1-3 tonne rock with slopes varied to suit 
instead of using steeper slopes with heavier 

Figure 8. Hand-drawn 

outline of the Causeway 

design for development.
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•	 	Gentler	seaward	design	slopes	and	
increased	volumes	of	material;

•	 	Combinations	of	the	above.

The shortcomings of the Manual on the 
Use of Rock in Coastal and Shoreline 
Engineering were apparent once the 
contract started owing to the lack of 
availability of (Queen Mary & Westfield 
College) abrasion mill apparatus used to 
define the mill abrasion index on which the 
recommendations were based. Accordingly, 
the updated test criteria were sought from 
the authors7. The rock degradation model 
referred to in the Manual on the Use of 
Rock in Coastal and Shoreline Engineering 
has been updated and is now based on the 
more readily available micro-Deval test. 
These new conditions and criteria were 
published shortly after contract award in 
the updated 2007 Rock Manual8.

Marginal quality rock meeting the contract 
specifications based on the Manual on the 
Use of Rock in Coastal and Shoreline 
Engineering is available within a relatively 
short distance inland of the site.  
A degradation allowance was made  
based on curves derived from the rock 
degradation model described by Latham  
et al.7,8 (see Figure 12) using quarry-derived 
material parameters.

of approximately 1 in 1000 years. While 
damage obviously increased markedly at 
return periods above that of the design  
1 in 100 year storm, no breaches of the 
revetment appeared likely even under the  
1 in 1000 year storm. The estimate of the 
cost of damage repairs made by the 
designer (who was the Contractor) also 
justified the selection of the lower return 
period.

Rock quality and availability
One of the main concerns of the Client 
before and during procurement was the 
availability of rock armour of sufficient 
quality and in sufficient quantities for the 
works given that 10,000 tonnes per day of 
armour rock would be required to meet his 
programme (Figure 11). The tender was 
written around “good quality” rock5 but 
with the flexibility, except for limited areas 
around openings, given to contractors to 
use “marginal quality” rock provided that 
provision was made for degradation in 
accordance with recommendations from 
the Manual on the Use of Rock in Coastal 
and Shoreline Engineering6 with the 
exception of the option of increased 
maintenance. That is, increased rock 
degradation of “marginal quality” rock 
could be compensated for by:
•	 	Over-dimensioning	of	armourstone;

Armour stability
Armour stability of many sections, armour 
sizes and exposures were investigated 
during detailed design by physical 
modelling in the small scale flume at the 
University of Ghent, and the crest and cable 
channel design was similarly investigated in 
the university’s large-scale flume (see Figure 
10). Owing to the strategic value of the 
infrastructure being designed, the design 
storm return period was defined in 
collaboration with the Client at 1 in 100 
years. The majority of the offshore 
installations in the region have also been 
designed for a 100 year return period 
event. During detailed design, consideration 
was given to increasing the return period to 
1000 years but a cost / damage assessment 
confirmed the lifetime cost effectiveness of 
the 1 in 100 year specification.

Owing to the relative conservatism of the 
concept design which limited damage in 
the design storm to a maximum damage 
number of S = 2 (equating to 0-5% of 
stones displaced from the active zone) over 
3000 waves (a storm duration of about 7.5 
hours in prototype), it was not considered 
necessary to increase the return period of 
the design storm. However, a close view 
was kept on the outcome of the flume 
tests that used waves up to a return period 

Figure 9. Typical Cross-Section of Main Causeway looking North.
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In order to address concerns about the 
suitability of locally won sand because of its 
high carbonate content, crushability of two 
sand samples was tested by normal Proctor 
compaction and dynamic oedometric 
loading. The material did not exhibit major 
crushability at the above mentioned stress 
levels and settlements were predicted to be 
within the performance specification for 
the works. 

CONCLUSIONS

Initial high level coastal modelling has 
shown that the impacts of the proposed 
causeway on the existing environment can 
be minimised or, in the case of the selected 
option, even improved.
 
The initial concept design was based on 
limitations to the rock size that would be 

carbonate and organic content), physical 
properties (e.g. fines content, gradation, 
specific gravity and bulk unit weight) and 
in-situ properties (e.g. percentage of 
maximum dry density). Placement and 
compaction criteria were specified for fill 
placed above mean sea level (i.e. in the 
dry). Higher quality fill was specified behind 
or adjacent to structures, within 1000 mm 
below roads, pipe and cable zones and 
bridge approaches. Flexibility has been 
given to the Contractor on the placement 
and compaction methods to achieve the set 
performance criteria that included 
settlement limits at 5, 25 and 50 years. 

The design provides compensation for any 
remaining primary consolidation, elastic 
compression and any future secondary 
settlement/consolidation. Long-term stress-
strain behaviour has been studied to 
evaluate the residual (creep) settlement.  

Geotextile
The revetments of the causeway and island 
structures were designed at concept using 
geotextile below underlayer and 
armourstone layers. This system was 
adopted by the Contractor in his detailed 
design and trials of the proposed 
underlayer were undertaken before 
acceptance for incorporation into the 
works. Full-scale trial embankments were 
constructed on land and were subsequently 
(and carefully) dismantled to prove the 
sufficiency of the proposed geotextile.

Geotechnical
A comprehensive offshore geotechnical and 
geophysical investigation programme was 
undertaken by the Client prior to tendering 
in order to assist the bidders in evaluating 
the availability and suitability of locally won 
soil for reclamation. Minimum criteria were 
set pertaining to chemical properties (e.g. 

Figure 10. The sequence of photos shows the progression of an overtopping 1 in 100 year wave (Hs = 2.75 m, Tp = 9.0s) towards the cable channel on the seaward crest of the 

main causeway. The large wave flume gave a 1/15 scale model. Modelling took place in the large scale wave flume at the University of Ghent, Belgium.
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years storm undertaken by the LSTK 
Contractor demonstrated the cost 
advantage of the specified 1 in 100 years 
storm.
 
Detailed numerical modelling by the 
designer enabled large economies to be 
made. Physical modelling enabled further 
refinement to the cross-section and slope 
design to be made and gave confidence  
in the performance and stability of  
the structure in storms of and exceeding  
the design 1 in 100 years.

available in the region. The selection of size 
was made following discussions with local 
and international marine contractors who 
were active in the region. The contract 
documents were developed to enable the 
appointed LSTK Contractor to use sub-
optimal quality armour stone, provided 
compensatory measures were taken.
 
The design storm was initially set at 1 in 
100 years in discussion with the Client.  
A cost / benefit assessment of upgrading 
the design to accommodate a 1 in 1000 
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Figure 11. The availability of rock

armour of sufficient quality and 

quantity was a main concern of 

the Client. Shown here, a rock 

drop test on large armourstone 

at the quarry at Nuariyah.



WHeRe sAFetY Is A WAY oF LIFe
As safety has become more and more a 
central concern in the industrial world, the 
dredging industry too has increased its 
focus on safer working conditions for all its 
employees: Both those working on board 
ships and those working on-site. This is 
understandable. No one should be 
expected to take risks that could generate 
injuries or even worse. Still, stimulating  
and maintaining a high level of awareness 
for health and safety matters amongst 
employees remains one of the biggest 
challenges of the industry. It is a task of  
the dredging industry that is taken very 
seriously and where a great deal of effort is 
invested to guarantee the highest possible 
standards.

To achieve this within Van Oord, the 
Executive Board has chosen a system of 
rewards for those who are motivated to 
take those extra steps necessary to increase 
safety and to make it a way of life that 
permeates all activities. 

Two awards are given annually: The Vessel 
Safety Award for the crew of the vessel 
who have demonstrated their desire to 
invest in a safer future and the Hansje 
Brinker Award for a project team who have 
shown a similar commitment for their site.

AWARDS AS AN INCENTIVE
The Safety Award scheme is driven by the 
Executive Board who clearly depend on the 
support and cooperation of all the people 
who are out in the field at work. Without  
a committed crew, it is a fantasy to believe 
a safer workplace can be created. Area 
directors have a commercial and 
operational responsibility and the safe 
execution of any project is a top priority. 

For instance, area directors are expected to 
explain each serious incident to the Board 
of Management. The area directors are 
therefore asked to nominate prospective 
vessels and sites from within their own 
working areas for these awards.

By nominating a project / vessel the area 
director does take a risk. During the audit 
by the QHSE (Quality Health Safety 
Environment) department, a careful and 
complete check will be made to see if the 
project / vessel indeed has an outstanding 
safety performance as indicated by the area 
director.

Throughout the year nominations take 
place and after each nomination a  
member of the QHSE department  
executes an audit in accordance with 
a formal checklist. 

The reports are discussed with the project 
manager / captain and at the end of the 
year all these examinations result in two 
nominations.

The winners are announced by CEO  
Pieter van Oord at a high-profile company 
event -- Van Oord’s New Year’s breakfast 
in Rotterdam. The speech and presentation 
by Pieter van Oord is filmed and the DVD is 
sent to all vessels and offices of Van Oord 
worldwide.  

In this way the awards act internally to 
promote the ongoing Van Oord WORK 
SAFE campaign and set goals for all 
employees to achieve.
 
Hansje Brinker Award / Vessel Safety Award 
Both the Van Oord Hansje Brinker Award 
for projects and the Vessel Safety Award 
for vessels are acknowledged by the 
Executive Board as a powerful motivator  
for achieving higher awareness and thus 
higher safety standards. 

Above: The project at Limerick, Ireland, which won  

the Van Oord award for safety, involves a variety of 

dredging works for the crossing of the River Shannon 

by means of an immersed tube tunnel.
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•	 	Recognition	as	leaders	within	their	area	/	
department on health, safety and 
environment (HSE)

•	 	Management	appreciation	of	their	efforts	
and demonstration that line supervision 
values the workforce’s health, safety and 
well-being

•	 	A	driver	within	the	whole	organisation	to	
continue the efforts to better manage 
workplace risks to HSE and reduce 
incidents and ill-health and sustain those 
improvements

•	 	Facilitating	the	dialogue	with	insurers	in	
order to demonstrate that HSE risks are 
being effectively managed which can 
possibly result in reductions in premiums

As one of the winners this year stated,  
“We strive so that people contribute to  
HSE management and improvements, not 
because of the extra financial rewards, but 
because it is ‘the right thing to do’”.  
This year’s winning crew was the crew of 
the side-stone dumping vessel Jan Steen 
(Figures 1 and 4) and the winning project 
was the Limerick (Ireland) project  
(Figures 2 and 3). 

Project sites and vessels that win the  
Van Oord Safety Awards can benefit in a 
number of different ways from the award, 
including but not limited to: 

•	 	An	enhanced	reputation	with	their	
Clients and stakeholders with resulting 
business benefits

Figure 3. The Limerick project included dredging a trench across the River Shannon between the extremities of the 

cofferdam / float-out structure, the flotation, transportation and immersion of five reinforced concrete tunnel 

elements, each of which measures 100 m long and backfilling of the tunnel trench.

Figure 2. The winning project was the Limerick (Ireland) 

tunnel project. CEO Pieter van Oord (left) presents the 

award to Project Manager Koos van der Geer.

Figure 1. The winning crew of the side stone dumping 

vessel Jan Steen at the New Year’s breakfast ceremony. 

Left to right, CEO Pieter van Oord with the captains of 

the Jan Steen, Kees van Daalen and Pieter Kreemer.

Figure 4. The Jan Steen side-stone  

dumping vessel.
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INTRODUCTION

Maasvlakte 2 is a land reclamation project 
in the Netherlands for the extension of the 
port of Rotterdam. For its construction 
about 250*106 m3 sand has to be extracted 
from the North Sea. The mining areas are 
located relatively close to the Natura 2000 
area known as the “Voordelta”. In this area 
certain bird species and habitat types are 
protected by law. If the ecological effects 
on these species or habitat types are 
significant, it is obligatory to mitigate or 
compensate these effects.

The consequences of the land reclamation 
and sand extraction have been described in 
an Environmental Impact Assessment (EIA) 
(Berkenbosch et al.	2007;	Vertegaal	et al. 
2007). For this EIA, the processes by which 
the release of silt particles by dredging 
activities could affect protected habitats 
and species have been investigated 
thoroughly. While most of the effects 
turned out to be insignificant, the question 
of whether the predicted temporary impact 
on the common eider (Somateria 
mollissima) was significant or not has been 
a subject of discussion. It was known, 
however, that the predicted impact on 
eiders had to be considered as an upper 

the possible effects of sand mining on eider 
ducks in the Voordelta. A probabilistic 
approach was used to analyse the 
uncertainties in the impact-effect chain  
and to find a method to take these 
uncertainties into account in the modelling 
of the ecological effect. The final result was 
a probability density function of the impact 
of the sand mining on eider ducks. This 
result led to the conclusion that the 
probability that the sand mining activities 
for Maasvlakte have a significant effect on 
eider ducks in the Voordelta is very small 
and can be considered negligible. The 
methodology that is used in this study is 
expected to be applicable as well to the 
assessment of ecological effects of other 
human activities.

The author wishes to acknowledge  
Prof.Drs.Ir. J.K. Vrijling, Prof.Dr.Ir. M.J.F. Stive, 
Dr.Ir. P.H.A.J.M van Gelder, Ir. R.J. Labeur,  
Ir. W.G. Borst, Drs. A.J. Nolte, Ir. T. Vellinga, 
Dr. F. Heinis and Dr. O. van Tongeren for 
their invaluable advice and suggestions 
during the research.

Above: Artist’s rendering of the Maasvlakte 2, the 

extension plan for the port of Rotterdam, which borders 

on the so-called Voordelta (Fore-Delta), a designated 

Natura 2000 area.

A PRoBABILIstIc AnALYsIs oF  
tHe ecoLoGIcAL eFFects oF  
sAnD MInInG FoR MAAsVLAKte 2
ABSTRACT

For the construction of the new port area 
Maasvlakte 2 in the Netherlands, which is 
an extension of the existing port, a large 
amount of sand has to be extracted from 
the North Sea. The potential ecological 
effects of the sand mining activities have 
been investigated in an Environmental 
Impact Assessment (EIA). One of the 
identified potential effects in this EIA was a 
temporary decrease in the number of eider 
ducks in the Natura 2000 area “Voordelta”. 
Within the impact-effect chain from 
dredging to eider ducks, a large number of 
uncertainties play a role. Keeping in mind 
the precautionary principle, worst-case 
assumptions were used in the EIA in case  
of uncertainties. 

Owing to this, the final predicted impact is 
a result of the accumulation of several safe 
assumptions. Therefore, the probability of 
occurrence of this predicted impact might 
be small. Information on this probability of 
occurrence will be useful in the discussion 
about the necessity of implementing 
mitigating or compensating measures.

The main objective of this study was to give 
insight into the probability of occurrence of 
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Phytoplankton, which form the base of the 
marine food chain, need a minimal light 
intensity for net primary production 
(production of organic compounds from 
inorganic matter). In the case of net primary 
production, the total biomass of the 
phytoplankton concentration increases. 
Phytoplankton concentrations are low 
during winter and increase quite rapidly 
during spring. This rapid increase is called 
the algal bloom. As a result of the reduction 
of the light intensity in the water column by 
the increased silt concentration, the timing 
of the algal bloom will be delayed. 

Phytoplankton form the main food for 
bivalves and their larvae. The larvae of 
bivalves hatch at a certain moment in the 
spring. If the hatching takes place before 
the algal bloom, the concentration of 
phytoplankton will be too low for the 
bivalve larvae to grow optimally. In this case 
a so-called mismatch occurs. As described 
by Philippart et al. (2003) and Bos et al. 
(2006 and 2007), a mismatch between  
the availability of sufficient food and the 
hatching of the bivalve Macoma Balthica 
(Baltic tellin) can lead to a growth lag of 
these larvae. In this way the mismatch  
can have a negative impact on the total 
biomass of the bivalve population in the 
Voordelta.

The methodology that was used to derive 
the probability distribution is described in 
this article. A secondary objective was to 
investigate whether or not probabilistic 
analyses are applicable to EIAs. 

IMPACT-EFFECT CHAIN

Sand extraction by trailing suction hopper 
dredgers will cause a release of fine sand 
and small silt particles that are present in 
the seabed. Silt particles (< 63 µm) can be 
transported over large distances by tidal 
currents because of their small settling 
velocity. After the deposition of silt particles 
on the seabed, part of these particles can 
get entrained into the seabed. Gradually the 
amount of silt that is buffered in the seabed 
will be released again (during stormy 
conditions) and dispersed over a larger area. 
This effect will go on for several years after 
finishing the sand extraction activities.  
In this way the sand mining causes a 
temporary increase in the concentration of 
Suspended Particulate Matter (SPM) in a 
particular area along the Dutch coastline. 
An increase of the SPM concentration leads 
to a reduction in the transparency of the 
water and subsequently to a stronger 
attenuation of the light intensity in the 
water column. 

limit, as the prediction was based on an 
accumulation of worst-case assumptions.

Within the impact-effect chain from dredging 
process to eider ducks, a large number of 
uncertainties play a role. Some of these 
uncertainties are caused by unpredictable 
natural variations and some uncertainties are 
a consequence of lack of knowledge. In the 
deterministic approach followed by the EIA, 
mostly worst-case assumptions were made to 
deal with these uncertainties. As a large 
number of safe assumptions were used to 
estimate the impact on eiders, the probability 
of occurrence of this effect was expected to 
be small.

In order to evaluate an ecological effect in 
its context, not only the predicted effect, 
but also the probability of its occurrence is 
important. Information on the probability 
of occurrence of the ecological effects is 
essential for a thorough discussion about 
the necessity of taking mitigating and/or 
compensating measures.

The main objective of this study was to 
investigate the probability of occurrence of 
the possible effect on eiders by the sand 
mining activities for Maasvlakte 2, resulting 
in a probability distribution of the decrease 
in the numbers of eider ducks.  
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Figure 1. A) Location of Maasvlakte 2 (orange), boundary of the Natura 2000 area “Voordelta” (green line) and the potential sand mining areas (yellow).  

(Data from Rijkswaterstaat). B) Enlargement of the orange area in A – a schematic drawing of the Maasvlakte 2 port area.
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analysis is based on the Delft3D-ECO  
model (Deltares). The ECO module of  
the numerical model Delft3D is used to 
simulate the bio(chemical) and biological 
processes related to growth of algae and 
nutrient dynamics. Within the probabilistic 
analysis, the formulas underlying this model 
were analysed to gain insight in the relation 
between the increased silt concentration 
and the delay of the bloom, as well as in 
the influence of other input variables on 

input variables the impact on eiders has been 
calculated, using the model as shown in 
Figure 3, resulting in a probability distribution 
for the impact of sand mining on eiders. 

DELAY OF THE ALGAL BLOOM

The relation between the increase of the 
silt concentration and the delay of the algal 
bloom that was used in the probabilistic 

In the Voordelta, eider ducks mainly feed 
on the bivalves Cerastoderma edule 
(cockles) and Ensis directus (American razor 
shell). A decrease of the total biomass of 
bivalves in the Voordelta can lead to a food 
shortage for these sea ducks. In this way 
sand mining activities can affect the 
number of eider ducks in the Voordelta.

METHOD ANALYSIS

First the deterministic approach of the  
EIA was analysed to investigate the 
uncertainties involved in modelling of the 
ecological effects of the sand mining. The 
uncertainties, which have a large influence 
on the final result and accompanying 
uncertainty margin, have been investigated 
more thoroughly to find a method to 
incorporate these uncertainties in a 
probabilistic calculation. To account for  
these uncertainties in the ecological effect 
modelling, probability density functions have 
been estimated for the relevant variables. 
These probability density functions are used 
in a Monte Carlo analysis, where they are 
used to generate randomly (a large number 
of) sets of input variables. For each set of 

Figure 4. Probability density 

function of the delay  

of the algal bloom D for 

different values of fs.

Figure 3. Schematised ecological model used in the Monte Carlo analysis.

Figure 2. Impact-effect chain.
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this relation. The analysis showed that  
not only the relative increase of the silt 
concentration determines the delay of the 
bloom, but that also short-term fluctuations 
of solar irradianc e (amongst other things 
dependent on cloudiness) and silt 
concentrations (owing to a changing wave 
climate) have a large influence on this 
delay. 

Probability density functions of the delay of 
the algal bloom D have been derived by 
Van Kruchten (2008) on the basis of solar 
irradiance measurements and modelled silt 
concentrations (model results Deltares), by 
using the formulas of the Delft3D-ECO 
model. Figure 4 shows the probability 
density function of D for different values  
of fs. The definition of fs is the average 
relative increase of the silt concentration in 
the Voordelta during spring, caused by the 
sand mining activities.

For the EIA, numerical models were used to 
simulate the spreading of the released silt 
in the southern part of the North Sea (Van 
Prooijen et al.	2006;	Desmit	et al. 2007). 
Based on the modelling results, an increase 
of the silt concentration for a period of 8 
years after the start of the sand mining 
activities was predicted (Van Ledden et al. 
2007). The modelled, relative increase of 
the silt concentration fs, which is more or 
less constant during the relatively short 
spring period, is used in the probabilistic 
analysis. The values of fs for different sand 
mining scenarios are shown in Figure 5.

Within the Monte Carlo analysis the 
ecological impact of the sand mining is 
modelled for a period of 13 successive 
years. As bivalves can get about 5 years 
old, a mismatch resulting from the 
increased silt concentration in the 8th year 
after the sand mining can still have an 
impact on the bivalve population in the 
13th year. For the delay of the algal bloom 
D, the probability density functions for the 
values of fs as shown in Figure 5 have been 
used for each specific year (for the 1st till 
8th year after the start of the sand mining).

PROBABILITY OF OCCURRENCE OF  
A MISMATCH

The EIA assumed that a delay of the algal 
bloom would always lead to a mismatch 
between the presence of bivalve larvae and 
a sufficiently high algal concentration. This 
assumption only holds if, in a reference 
scenario without sand mining, the hatching 
of larvae would always takes place at the 
same moment as the algal bloom. 

However, as the hatching of larvae mostly 
takes place later than the algal bloom, the 
probability of occurrence of a mismatch 
caused by the delay of the bloom is much 
smaller than 1. Besides, the timing of both 
events shows a large year-to-year variation. 

The occurrence of a mismatch can be 
schematised by the following simple 
equation.  

Figure 5. fs (relative increase of silt concentration during spring) from the 1st to the 8th year after the start of the 

mining activities (derived from model results of Deltares, Van Prooijen et al. 2006 and Desmit et al. 2007).
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A mismatch only occurs if:
M = Aref + D - H > 0 [Equation 1]

With: M = duration of the mismatch days)
 H = moment of hatching of the  

  larvae (days)
 Aref = moment at which the critical  

  algal concentration is exceeded 
  in the reference scenario (days)

 D = delay of the moment at which 
  the critical algal concentration 
  is exceeded, caused by the  
  sand mining activities (days).

A match occurs if M ≤ 0. The critical algal 
concentration is defined as the minimal 
concentration at which the growth of 
larvae is not limited by the availability of 
food. The longer the duration of the 
mismatch period M, the larger the growth 
lag of the larvae will be.

In the deterministic approach of the EIA it 
was assumed that: Aref = H, which leads to: 
D = M, and a probability of 1 that a delay 
of the bloom (D > 0) results in a mismatch.

Figure 6 shows an example of the 
probability density functions of the moment 
of the algal bloom and the moment of 
hatching. In this example the algal bloom 
(in the reference scenario) takes place on 
average on April 9th and the hatching on 
May 25th. The large year-to-year variation 
of the timing of the algal bloom and the 
moment of hatching is expressed by the 
standard deviations of the probability 
density functions. In this simplified example, 

a delay of the bloom D of 7 days is used. 
In case of an increased silt concentration 
caused by sand mining, the algal bloom 
takes place on average on April 16th. 

The small overlap between the probability 
density functions of Amining and H in Figure 6 
indicates that the probability of occurrence 
of a mismatch P(Amining>H) is small. Mostly 
the algal bloom precedes the hatching and 
a match occurs. A mismatch will only occur 
if the algal bloom takes place relatively late 
and the hatching relatively early. As can be 
seen, a mismatch can also occur in the 
reference scenario. However, the probability 
of occurrence of a mismatch is larger in the 
sand mining scenario. Given the probability 
density functions of H, Aref and the delay D, 
the probability of occurrence of a mismatch 
can be calculated, which in the example of 
Figure 6 is only 7*10-3. 

On the basis of data and expert judgement, 
the mean values µ and standard deviations 
σ of the normal probability density 
functions of H and Aref were estimated by 
Van Kruchten (2008). Unfortunately, as the 
amount of data and expert judgement on 
H and Aref is limited, the accompanying 
probability density functions could only be 
estimated roughly. Because of this and the 
high sensitivity of the final result on these 
estimated probability density functions, the 
Monte Carlo analysis was done twice: One 
time for probability density functions which 
are expected to be realistic estimates, and 
one time for a conservative assumption on 
these probability density functions.

RELATION BETWEEN MISMATCH AND 
GROWTH LAG

Based on laboratory results reported by  
Bos et al. (2006) and Bos et al. (2007),  
a relation between the duration of the 
mismatch period, the algal concentration 
during this period and the growth lag of 
the larvae has been derived. Bos et al. 
(2006 and 2007) investigated the effect of 
a mismatch on the growth of Macoma 
balthica larvae. In the Monte Carlo analysis, 
the uncertainty of this relation has been 
taken into account by using a normally 
distributed correction factor. This 
probability density function was derived by 
the difference between the measured 
growth lags in the laboratory experiment 
and the growth lags as calculated by using 
the relation. For the uncertain algal 
concentrations during the mismatch period 
probability density functions were also 
derived, which are partly dependent on the 
duration of the mismatch M.

In the deterministic approach of the EIA the 
worst-case assumption was made that 
bivalves are not able to catch up a growth 
lag. In case of a growth lag of a larva of, for 
example, 20% (the larva is 20% smaller 
than it would have been without a 
mismatch), the bivalve will be subject to  
a growth lag of 20% for its whole life. 
However, it is likely that bivalves are able  
to catch up with a growth lag partially. 
Unfortunately, the amount of available 
literature on the growth of bivalves is also 
limited. Therefore the Monte Carlo analysis 
was again done twice for two different 
growth models: According to one growth 
model bivalves are not able to catch up with 
a growth lag (worst-case assumption) and 
according to the other model the bivalves 
can partially catch up the growth lag. 

DYNAMIC POPULATION MODEL

As a mismatch only affects the growth of 
larvae, only one year class (all individuals 
that are born in the same year) of bivalves 
will be affected by a mismatch that occurs  
in one specific year. The total bivalve 
population in a given year consists of several 
year classes. As a result, the total bivalve Figure 6. Probability density functions of H, Aref and Amining (= Aref + D). 
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population size depends on the number of 
births, growth and survival rates of bivalves 
during the current and previous years. 

From measurements of the size of the 
bivalve population in the Voordelta, it can 
be derived that the natural year-to-year 
variation in these survival and birth rates is 
large. Figure 7 shows the large variation of 
the population sizes.

As a result of this large, unpredictable 
variation the impact of a growth lag of a 
particular year class on the total population 
is uncertain. A year class with a large 
number of individuals will form a relatively 
large part of the total population. If such a 
large year class is affected by a growth lag, 
the impact on the biomass of the total 
population will be much larger than in the 
case that a relatively small year class is 
affected. Because of this, the decrease of 
the total biomass of the population, given  
a certain growth lag, cannot be predicted 
accurately.

In a probabilistic approach it is possible to 
take into account the effect of the natural 
variation of the number of births and 
survival rates. On the basis of literature 
research and data of measurements, 
probability density functions for survival 
rates and the number of births have been 
derived. Both variables are not influenced 
by the sand mining activities. By using these 
probability density functions, the natural 
variation of the population size and 
composition can be simulated. In this way 
the natural, stochastic dynamics can be 

incorporated into the model. This is an 
important difference between probabilistic 
and deterministic approaches. In a 
deterministic approach mostly constant 
values are used for survival and birth rates, 
which leads to the false suggestion that 
accurate predictions of ecological effects 
are possible. The large uncertainty margin 
of this prediction, which is a result of the 
stochasticity of nature, can be quantified in 
a probabilistic analysis. 

IMPACT ON EIDER DUCKS

The last part of the model deals with the 
relationship between the number of eider 
ducks (Somateria mollissima) (Figure 8) and 
the bivalve population in the Voordelta. 
Eider ducks mainly forage on two species 
of bivalves in the Voordelta: Ensis directus 
(American razor shells) and Cerastoderma 

edule (cockles) (see Figure 9). As only small 
razor shells are edible for eiders, the effect 
of a growth lag of this species on the total 
amount of food for the eider ducks will be 
negligible. Because of the elongated shape 
of these bivalves, eiders are not able to eat 
the older, longer razor shells. In case of a 
growth lag, the razor shells reach the 
minimal “edible length” later, but are on 
the other hand edible until a higher age. 
Besides which, since 1993 the quantity of 
American razor shells has been much larger 
than the consumption by eider ducks. 

As a worst-case assumption, the abundance 
of razor shells was neglected in the 
deterministic approach of the EIA. For the 
EIA it was assumed that all eiders in the 
Voordelta depend on the size of a bivalve 
population which would be affected by a 
mismatch. The relationship was assumed to 
be linear.

Figure 8. Male (left) and 

female of the Common 

Eider (Somateria 

mollissima). 

Figure 7. Variation of total 

amount of bivalves in the 

Voordelta and Brielse Gat 

(northern part of Voordelta.

Left figure: data from KNAW-

CEME, edited by F. Heinis  

(not previously published), 

Right figure: data from  

Heinis et al. (2002).
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Observations show that some of the eiders 
in the Voordelta feed on American razor 
shells (Leopold et al. 2007). The other 
eiders forage mainly on cockles. Only the 
total biomass of edible cockles can be 
affected by a mismatch. Possibly all eiders 
can change their diet to razor shells in case 
of a shortage of cockles. However, as it is 
not possible to prove this by data, the 
Monte Carlo analysis is done for two 
different conservative assumptions. One 
time the analysis is done for the worst-case 
assumption that all eiders in the Voordelta 
are dependent on the amount of cockles. 
Secondly the analysis is done for the 
conservative assumption that 40% of the 
eiders depend on the total biomass of 
cockles in the Voordelta.

In the probabilistic analysis the non-linear 
relation as shown in Figure 10 is used. 
During years with a large population of 
cockles, a certain decrease of the total fresh 
weight will not lead to a decrease of the 
number of eiders. The total amount of food 
will still be sufficient.

MONTE CARLO ANALYSIS

The natural variation of the bivalve 
population size has been simulated for a 
period of 13 years after the start of the 
sand mining by using the values of birth 
and survival rates chosen randomly from 
the determined probability density 
functions. The same simulated variation is 
used to model the number of eider ducks 
in the reference scenario as well as in the 
sand mining scenario. 

The only difference between these 
scenarios is the value of the delay of the 
algal bloom D;	in	the	reference	scenario	
D=0, while D is randomly chosen from the 
probability density functions in the sand 

mining scenario. For each year within the 
simulated period of 13 years, the impact on 
the number of eider ducks is calculated as: 

 (Number of eiders) sandmining

Impact =1-  [Equation 2]

 (Number of eiders) reference

The Monte Carlo analysis was done several 
times, for various sand mining scenarios 
(see Figure 5) and various assumptions on 
the probability density functions of Aref and 
H, various growth models and various 
relations between the number of eiders and 
the bivalve population size (see Table I).  
The difference between the results for the 
various sand mining scenarios proved to be 
negligible. The results of the various Monte 

Figure 10. Relationship between eiders and bivalves  

for the measurements at the Brielse Gat  

(data from Heinis et al. 2002).  

fresh weight: total mass of a living bivalve,  

including the shell and the enclosed water.  

bird day: equivalent to one bird that  

spends one day in a specific area.

Figure 9. Left, American razor shell (Ensis directus) and, right, cockles (Cerastoderma edule) are the main food source for the eider duck.
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Carlo analyses are shown in Figure 11.  
The horizontal axis shows the possible, 
maximum impact X (see Equation 2) that 
occurs during a period of 13 years after the 
start of the sand mining. The vertical axis 
shows the probability that the maximum 
impact, which will actually occur, is larger 
than X (horizontal axis).

CONCLUSIONS

Impact of sand mining on eider ducks
For the ecological effect of the sand mining 
for Maasvlakte 2 it can be concluded that 
the probability that the sand mining has a 
significant effect on eiders in the Voordelta is 
very small and can be considered negligible. 

From Figure 11 it can be derived that, even 
in case of conservative assumptions (analysis 
A, see Table I), the probability that the sand 
mining leads to a decrease of the number 
of eiders larger than 10% is only 0.03. 
 
A maximum decrease of 10% was initially 
predicted in the EIA by using a 
deterministic, worst-case approach. As the 
effects of the sand mining will be temporary 
and the natural variation of the number of 
eiders in the Voordelta is relatively large, an 
impact of 10% is considered not to be 
significant. The results also show a large 
probability (>0.7) that the sand mining 
activities do not have an impact on eiders in 
the Voordelta at all. (P(maximal impact  
> 0%) = 0.27, see Figure 11).

The results of the Monte Carlo analyses for 
the less safe assumptions (analyses B, C and 
D, see Table I) show that the probability on 
a decrease larger than 10% is even smaller 
than 5*10-3. It is very likely that the 
assumptions for analyses B, C and D 
correspond better with reality than analysis 
A. However, proving this conclusively on the 
basis of data is not possible. 

Predicting ecological effects
The probabilistic analysis showed that 
factors like weather conditions and the 
variation of the composition of bivalve 
populations have a large influence on the 
impact of sand mining activities on eiders in 
the Voordelta. As a result of the influence 
of these factors which show large and 
unpredictable variations, the uncertainty 
margin of the magnitude of the possible 
impact will always be large. Also, the lack 
of knowledge about processes in the 
impact-effect chain influences the 
uncertainty margin of the result. In 
addition, even if all knowledge were 
available, it would still not be possible to 

Table I. Different assumptions for Monte Carlo analyses.

Analysis Percentage of eiders 
possibly affected 

Bivalves catch up 
a growth lag?

PDF* of timing of algal 
bloom Aref

PDF* of timing of 
hatching H

Sand mining 
scenario

µ [day] σ [day] µ [day] σ [day]

A 100% No April 15 15 May 18 8 s1a

B 40% No April 15 15 May 18 8 s1a

C 100% Partly April 15 15 May 18 8 s1a

D 100% No April 9 14 May 25 8 s1a

*The mean value µ and standard deviation σ of the normal probability density functions of Aref and H are given.

Figure 11. Monte Carlo results:  
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Jong, W. (2007). “Milieueffectrapport Aanleg 

Maasvlakte 2 Bijlage Kust en Zee” Havenbedrijf 

Rotterdam N.V. – Projectorganisatie Maasvlakte 2, 

Report 9P7008.A5/KustenZee/R005/MVLED/Nijm.

Van Prooijen, B., Van Kessel, T., Nolte A., Los, H., 

Boon, J., De Jong, W. and Van Ledden, M. 

(2006). “Impact sand extraction Maasvlakte 2, 

Mud transport, nutrients and primary 

production” Royal Haskoning, Svašek Hydraulics 

and WL | Delft Hydraulics, report 9P7008.O9/

R002/MVLED/Nijm.

•	 	Which	effects	are	considered	significant	express a realistic prediction of ecological 
effects in only one number because of the 
influence of the natural variation.

The following recommendations are 
suggested:

Advantages of a probabilistic 
approach
By using a probabilistic approach to quantify 
ecological impacts, insight is given into the 
probability of occurrence of certain impacts. 
Especially when significant impacts cannot 
be excluded on the basis of a deterministic 
approach, insight in the probability of 
occurrence of these impacts is useful in 
order to decide if mitigating or 
compensating measures should be taken. 

Drawing conclusions on the basis of the 
results of a deterministic approach only, may 
lead to the decision that measures should be 
taken, while the probability that significant 
effects will occur is very small or even 
negligible. Because of this, an additional 
probabilistic analysis is recommended when 
a deterministic, worst-case approach leads 
to the prediction of significant effects. 

Applicability of a probabilistic 
analysis for EIAs
This study demonstrated that applying a 
probabilistic analysis for the quantification 
of the impact on eider ducks by the sand 
mining for Maasvlakte 2 is possible. 
Although not all uncertainties could be 
incorporated into the probabilistic analysis 
and some conservative assumptions had to 
be made, it could be proven that the 
probability of occurrence of significant 
effects is small.

It is expected that also for the quantification 
of ecological impacts of other projects, part 
of the relevant uncertainties can be taken 
into account in a probabilistic calculation. 
 If worst-case assumptions can be prevented 
in this way, applying a probabilistic 
approach will be useful.

Assessment framework
After the quantification of the magnitude 
of ecological effects and the accompanying 
probability of occurrence, the following 
questions remain:

for a population and which are not?
•	 	Which	probability	that	significant	effects	

occur is unacceptable.

The development of an assessment 
framework for ecological effects is 
recommended to make it possible to 
answer these questions on the basis of 
objective criteria. Amongst other things the 
natural variation of a population size and 
the resilience of a population should be 
taken into account in the assessment of 
ecological impacts. 
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the sand engine, an Innovative coastal 
Defence system

Climate change is causing sea levels to rise and the 
force of waves to become stronger. This is already 
affecting the safety of many coastal areas.  
The Netherlands coastline, which is 340 km long and 
consists of beaches, dunes and dikes, is an important 
protection against the sea. To prevent the coastline 
from moving land inwards as a result of erosion from 
wind, waves and tides, coastal maintenance is a 
constantly ongoing activity. However, the current 
methods of maintenance protect the coast, but do 
not solve the demand for more space for natural 
areas, recreation and green land development. 

WHAT IS THE SAND ENGINE?
The Sand Engine resulted from the realisation that it 
is necessary to work with the sand and space found 
naturally along the coastal zone, both for protecting 
the hinterlands as well as for land development 
along the coast. It builds upon the experience which 
the Netherlands has had with coastal protection.  
The Ministry of Public Works sought a risk-sharing 
cooperation with other parties which would unite 
this concept of protection from flooding with spatial 
development. The first cooperative agreement about 
the Sand Engine was made with the Province of 
South-Holland for the coastal area between  
Hook of Holland and Scheveningen. 

Since 1990 sand replenishment on the Dutch North 
Sea coast has been done by pumping sand onto the 
beach, and since 1997 by having a trailing suction 
hopper dredger drop sand underwater in front of  
the coast. Both these methods have prevented the 
Dutch coastline from moving land inwards. These 
suppletions (12 million m3 sand per year) are now 
implemented in such a way that the Netherlands  
will not shrink through structural erosion and  
should be able to fulfil the policy decision of the 
Dutch government to retain the coastline as it  
was in 1990. 

At present, most sand replenishment is executed 
underwater in front of the coast, which according  
to studies appears to be more cost effective than 
pumping sand onto the beaches. Evaluation of the 
situation after 10 years indicates that sufficient sand 
from this treatment arrives directly on the beach and 
that the rest is spread naturally by tides, wind and 
waves. At several places the Dutch coast even 
appears to be growing incrementally. 

By joining with the Dutch Ministry and private 
industry, the Province of South-Holland Programme 
Coast is addressing the safety problem and the 
demand for quality space. The aim is to implement  
a vision for both the protection and development  
of the coastal zone through integrated coastal zone 
management (ICZM). 

STRENGTHENING THE “WEAK LINKS”
Six locations on the coast of South Holland have 
been designated as areas that will not be able to 
meet the safety standards in the long run. These  
are the so-called “weak links” and the goal is to 
reinforce them in a sustainable way. 
The Sand Engine could be a sustainable way of  
doing this. The Sand Engine is a huge amount of 
sand, the size of a “super dune”, which in the 
recommended pilot study will be positioned at a 
single site (Ter Heijde) about one kilometre offshore. 
Wind and rain should spread the sand in a natural 
way along the shore. In this way new land will be 
claimed from the sea. 

BEACH DEVELOPMENT
Ultimately, the coastal expansion created by the Sand 
Engine should generate new areas of natural beauty 
and space for recreation. The hinterland of the South 
Holland coast is the most densely populated and 
most built-up area of The Netherlands. This economic 
heart, the so-called Randstad (tri-city metropolitan 
area), needs to continue to be competitive with  
other international regions, providing an attractive 
residential and commercial environment, including 
good accessibility and connections to the expanded 
coast and the sea. 

The results of the pilot study will offer more 
knowledge about whether or not such “super 
dunes” are a feasible solution to the increasing rise 
of the sea level, especially in the face of climate 
changes. In the last decade or so there has been 
good progress made in using the natural transport  
of sand in an active coastal area which is subject to 
waves and tides to increase the width of the Dutch 
beaches and to limit the effects of erosion. 

This experience seems to indicate that the Sand 
Engine may very well provide a relatively economical 
and sustainable model for coastal development and 
defence. 

For further information see:
www.zuidholland.nl / www.kustvisie.nl
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BooKs/PeRIoDIcALs ReVIeWeD

sustainable Development, Linking economy, 
society, environment 
BY TRACEY STRANGE AND ANNE BAYLEY
Published by OECD, Paris. December 2008. 141 
pages. ISBN 9789264047785.

Aimed at a broad reading public, this book, which is 
part of the OECD Insights series, gives an easily 
accessible introduction to what lies beneath the label 
of sustainable development. It presents data, analysis 
and policy approaches, plus suggestions for practical 
action as part of a package to promote sustainable 
economic growth while at the same time respecting 
the environment.

The emphasis is placed on the need to consider the 
“three pillars” – society, the economy and the 
environment – simultaneously. Globalisation must be 
taken into account with the realisation that we do 
not all share the same circumstances, lifestyles or 
opportunities. The acknowledge ment of the 
inequalities amongst nations is essential to enacting 
measures which ensure real and lasting advances.  
Throughout the book some real-time case studies are 
presented such as: the collapse of the Grand Banks 
cod	fishery;	mobile	banking	in	developing	countries;	
and melting glaciers. Climate change is indeed 
considered as one of the “superstar” issues. Other 
issues presented include making better choices as 
producers and consumers, how to measure 
sustainability and the question of Government, civil 
society, governance and unintended consequences. 
An extensive reference list given chapter by chapter 
completes this overview.

Contributors and advisors to the book include Patrick 
Love, Nick Bray, Emmanuel Dalmenesche, Mario 

Pezzini, Candice Stevens and many others. This new 
OECD book on sustainable development also 
practices what it preaches by using innovative low-
carbon publishing technology for sales in far-flung 
global markets. As part of its worldwide launch, 
OECD Insights: Sustainable Development will be 
printed and sold in an Australian bookshop, using 
one of Time magazine’s Inventions of the Year - the 
Espresso Book Machine from On Demand Books. The 
book is available from www.oecd.org/insights and 
www.ondemandbooks.com.

environment Working Papers no. 1: Ranking 
Port cities with High exposure and Vulnerability 
to climate extremes exposure estimates 
Doi: 10.1787/011766488208zed
BY R.J. NICHOLLS, S. HANSON, C. HERWEIJER,  
N. PATMORE, S. HALLEGATTE, J. CORFEE-
MORLOT, J. CHÂTEAU AND R. MUIR-WOOD
OECD. January 2008. 63 pp.

This OECD report released in January 2008 was 
written by a group of experts from the University of 
Southhampton, School of Civil Engineering and the 
Environment, and Tyndall Centre for Climate Change 
Research,	Southampton,	UK;	Risk	Managment	
Solutions	Limited,	London,	UK;	Centre	International	
de Recherche sur l’Environnement et Développement 
et École Nationale de la Météorologie, Météo-France, 
Paris,	France;	and	the	Organisation	for	Economic	
Co-operation and Development, Paris, France.

The aim of this global screening study was to give a 
first estimate of the exposure of the world’s large 
port cities to coastal flooding caused by storm surge 
and damage from high winds. This assessment also 
investigates how climate change is likely to impact 
each port city’s exposure to coastal flooding by the 
2070s, alongside subsidence and population growth 
and urbanisation. 

The study provides a comprehensive assessment on 
the subject, focusing on the 136 port cities around 
the world with more than one million inhabitants in 
2005. The analysis demonstrates that a large number 
of people are already exposed to coastal flooding in 
large port cities. Across all cities, about 40 million 
people (0.6% of the global population or roughly 1 
in 10 of the total port city population in the cities 
considered in the report) are exposed to a 1 in 100 
year coastal flood event. For present-day conditions 
(that is in 2005), the top 10 cities in terms of 
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exposed population are listed as: Mumbai, 
Guangzhou, Shanghai, Miami, Ho Chi Minh City, 
Kolkata, Greater New York, Osaka-Kobe, Alexandria 
and New Orleans. This is an almost equal split 
between developed and developing countries. 

When assets are taken into consideration, the current 
distribution becomes more heavily weighted towards 
developed countries, as the actual wealth of the 
cities becomes important. The top 10 cities in terms 
of assets exposed are Miami, Greater New York, New 
Orleans, Osaka-Kobe, Tokyo, Amsterdam, Rotterdam, 
Nagoya, Tampa-St Petersburg and Virginia Beach. 
These cities contain 60% of the total exposure, but 
are from only three (wealthy) countries: USA, Japan 
and the Netherlands. 

The total value of assets exposed in 2005 is across all 
cities considered in the report is estimated to be  
US	$3,000	billion;	corresponding	to	around	5%	of	
global GDP in 2005 (both measured in international 
USD). The report suggests that by the 2070s, the 
total population exposed could grow more than 
threefold to around 150 million people as a result of 
the combined effects of climate change (sea-level rise 
and increased storminess), subsidence, population 
growth and urbanisation. The asset exposure could 
grow even more dramatically, reaching US $35,000 
billion	by	the	2070s;	more	than	ten	times	current	
levels and rising to roughly 9% of projected global 
GDP in this period. 

On a global scale, the most important drivers for the 
overall increase in exposure are population growth, 
socio-economic growth and urbanisation. Climate 
change and subsidence significantly exacerbate this 
effect although the relative importance of these 
factors varies by location.

Exposed population and assets remain dependent on 
protection that can fail. Hence, even assuming that 
protection levels will be very high everywhere in the 
future, the large exposure in terms of population and 
assets is likely to translate into regular city-scale 
disasters across the global scale. The policy 
implications of this report are clear: the benefits of 
climate change policies – both global mitigation and 
local adaptation at the city-scale – are potentially 
great.

All Environment Directorate Working Papers are 
available through OECD’s Internet Website at  
www.oecd.org/env/workingpapers

the storm
BY EELCO DYKSTRA
Published by The International Katrina Project, 
Washington DC. 2008. 155 pp.
ISBN: 9789013062533

The inspiration for this “Reality Fiction”, as the author 
calls it, is the devastation that resulted in New Orleans 
from Hurricane Katrina. As a consequence, the 
International Katrina Project was launched as a joint 
undertaking of partners from all over the globe. These 
partners include: the Flemish Institute for Technology 
Research, VITO, Belgium, Safety Board Rotterdam-
Rijnmond Region, Netherlands Ministry of the Interior, 
Directorate National Safety, NATO and MWH BV, an 
environmental consulting firm, amongst others. 

The book uses a “what if” scenario of a fictional but 
plausible “Hurricane Celine” to examine the issues of 
preparedness;	reactions	of	national	and	international	
governing	bodies;	the	impact	of	the	storm,	the	
response to it and the aftermath of such an event.  
It is an attempt to make policy makers and the 
public-at-large think about the larger issues involved 
in climate change, risk assessment, the balance 
between national and international response and 
local and regional planning and response.

Eelco Dykstra is a medical doctor and is presently 
visiting professor of International Emergency 
Management at George Washington University,  
in Washington, DC. In this non-technical scenario  
he uses the original, intergovernmental FEMA  
(US Federal Emergency Management Agency) 
briefings during Katrina, but these are adapted  
and “fictionalised” to reflect European conditions. 

Ultimately his goal is to assess the current state of 
transatlantic cooperation in crisis management and 
the potential future perspectives. He suggests that 
perhaps a merger of US and European knowledge 
and experience in crisis management could be 
beneficial to other (low-lying) parts of the world.  
The book also provides references of Dutch,  
American and international sources. 

Readers interested in gaining more information on 
the International Katrina Book Project (IKB project)  
are advised to visit the website:  
www.stormovereurope.org. Persons and institutions 
are invited to become members and support the IKB 
Project by initially filling out the membership form  
by at the website.
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Rotterdam. It will also, present a private view with 
EMSAGG focal point on the innovative cobble beach 
concept as sea defence. 

For further information visit:
http://www.ciria.org/emsagg/conference09.htm, 
www.ciria.org/emsagg 
or call +44 (0)207 253 0523. 

26th IAPH World Port conference
COTONE CONGRESSI GENOVA
GENOA, ITALY
MAY 24-29 2009

The International Association of Ports and Harbors 
(IAPH) World Ports Conference is a biennial event  
for the world ports to meet, exchange opinions and 
share experiences on the latest trends in port 
management and operations. The central theme  
for the 2009 conference will reflect the need for the 
global ports industry to work openly with customers, 
suppliers and other stakeholders to address the 
challenges and opportunities facing ports as critical 
segments in international logistics chains. 
Some of the most important challenges facing our 
industry today extend well beyond the boundaries  
of the port and also impact many other actors across 
the maritime transport chain, as well as the urban 
communities alongside which so many ports 
co-exist. The ports industry needs an excellent 
partnership with providers of key services – including 
finance, port design, operating expertise and 
technology – to address the crucial internal issues  
of infrastructure funding and optimised capacity.

For further information: www.iaphconference.com

WeDA 29 conference and tAMU 40
BUTTES RESORT HOTEL, TEMPE, AZ, USA
JUNE 14-17, 2009  

The theme of the 29th Western Dredging  
Association (WEDA 29) Annual Western Hemisphere 
Conference/Exhibition and Texas A & M’s 40th 
Annual Dredging Seminar (TAMU 40) is “The 
Importance of Dredging”. This will be a forum for 
discussion amongst Dredging Contractors, Port 
Authorities, Government Agencies, Environmentalists, 
Consultants, Academicians, and Civic/Ocean 
Engineers who work in the fields of Dredging, 
Navigation, Engineering, and Construction. 

Port & terminal technology conference 
HOUSTON, TEXAS, USA 
APRIL 7-8 2009

Following its success in Europe over the last 5 years, 
this Conference will be held for the first time in  
the USA. The programme will explore the latest 
developments, issues, trends and technology 
affecting ports and terminals around the world.  

The conference is specially designed for 
representatives from operations, maintenance and 
engineering from port authorities, terminal operators, 
consultancy firms, dredging contractors, maritime 
construction firms and suppliers of cargo handling 
equipment to the ports industry and those involved 
in the effective development and operation of 
container ports and terminals.

For further information contact:
Claire Palmer, Project Manager
Tel.: +44 (0)1628 820 046
Fax: +44 (0)1628 822 938
Email: claire@millenniumconferences.com
www.millenniumconferences.com 

european Marine sand and Gravel conference
ROME, ITALY
MAY 7-8 2009

The European Marine Sand and Gravel Group 
(EMSAGG) is pleased to host an exceptional 
conference, organised by CIRIA and hosted as well 
by Arenaria.  The EMSAGG conference will allow 
delegates to gain an understanding of the latest 
environmental, technical, regulatory, economic and 
future issues for marine sand and gravel and to share 
experiences and thoughts with international peers. 
Representatives from the European Commission and 
important industry leaders from across Europe will 
discuss and debate on topics such as exploration and 
exploitation of marine sediments, sustainable beach 
nourishment, legislation and policy and security of 
marine aggregate supply, to provide a programme of 
relevant information and also contacts for all those 
involved in the marine sand and gravel area. 

Amongst the captivating themes, the Dutch coastal 
extension Maasvlakte 2 project will have a prominent 
interest by offering a public view on sand extraction 
licensing, with an EMSAGG focus on the Environ-
mental Impact Assessment conducted by the Port of 

seMInARs/conFeRences/eVents
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Topics of interest include but are not limited to: 
Dredging & the Economy, River and Inland Dredging, 
New Dredging Equipments, Surveying & Mapping, 
Cost Estimating, Dredging Challenges, Project Case 
Studies, Environmental Dredging, Dredging for Flood 
Control, Dredging Systems & Techniques, Numerical 
Modeling, Geotechnical Aspects, Superfund Projects, 
Dredging for Beach Nourishment, Beneficial Used of 
Dredge Material, and Wetland Creation & 
Restoration.

The International Association of Dredging Companies 
Best Paper Award by an author under 35 years of 
age for a contribution to the literature on dredging 
will be presented. 

For further information contact: 
L. M. Patella, WEDA Executive Director
P.O. Box 5797, Vancouver, WA 98668
Tel: +1 360 750 0209
Fax +1 360 750 1445
Email: weda@comcast.net
www.westerndredging.org

sustainable ocean summit
BELFAST, IRELAND
JUNE 16-17 2009

The World Ocean Council is organising this first ever 
international, cross-sectoral conference on private 
sector leadership and collaboration in ocean 
sustainability around the theme, “Reducing Risk, 
Increasing Sustainability”. Sessions will include: 
Marine	Spatial	Management;	Responsible	use	of	the	
Arctic	Ocean;	Finance	and	Insurance;	Ocean	Sound	
and	Marine	Life;	Controlling	Marine	Debris	at	Source;	
Ship Strikes - Developing best practices to reduce 
vessel	impacts	on	marine	mammals;	Recycling	Ships	
and	Ocean	Structures,	Sustainable	Ports;	Biosecurity/
Invasive	Species;	Climate	Change	-	Advancing	global	
emissions reductions through cross-sectoral industry 
leadership and collaboration..

Participants will include senior management from 
shipping, oil and gas, fisheries, aquaculture, seafood, 
marine tourism, renewable ocean energy, ports, 
marine technology, seabed mining, submarine cables, 
insurance, finance, legal issues and other areas.  

The ocean business community will identify priorities 
for addressing ocean sustainability in support of 
responsible operations. These will form the basis for 

World Ocean Council programmes to be 
implemented in partnership through the growing 
global WOC alliance of ocean industry leaders in 
Corporate Ocean Responsibility.

For more information about the World Ocean 
Council and on-line registration see 
www.oceancouncil.org.

coasts, Marine structures and Breakwaters 2009 
conference
INTERNATIONAL CONFERENCE CENTRE
EDINBURGH, SCOTLAND
SEPTEMBER 16-18 2009

The Conference will address the design, performance, 
installation and maintenance of the structures 
necessary to extract marine energy around nearshore 
seas and coasts. It will also offer new material on 
coasts, marine structures and breakwaters. 

This is the ninth conference in the international 
breakwaters series, which is recognised for its 
balanced presentations on research, design and 
construction with a strong emphasis on practical 
application

The conference will comprise technical plenary 
sessions with each paper introduced by the authors. 
Papers will be issued to registrants beforehand, to 
allow informed discussion during the conference.  

The following themes will be covered: 
Climate	change	and	major	storms;	Service	
re-assessment	and	adaptation;	New	techniques	and	
innovations;	Construction	methods,	equipment	and	
experience;	Environmental	and	social	awareness;	
Procurement	approaches,	economics	and	finance;	
Growing knowledge and understanding, and 
uncertainties;	Emerging	markets	and	requirements;	
and Analysing, refurbishing or replacing ageing 
infrastructure

For further information contact: 
ICE Conferences and Events Department
Institution of Civil Engineers
One Great George Street,  
London SW1P 3AA, UK
Tel: +44 (0)20 7665 2293
Fax: +44 (0)20 7233 1743
Email: events@ice.org.uk
www.ice.org.uk



34  Terra et Aqua | Number 114 | March 2009

ceDA Dredging Days 2009 
AHOY ROTTERDAM, THE NETHERLANDS
NOVEMBER 4-6 2009

The annual CEDA conference will be held  
November 4-6 2009 at Ahoy Rotterdam, the 
Netherlands. With the title “Dredging Tools for  
the Future”, CEDA invites stakeholders and the 
dredging equipment industry to present and discuss 
coming challenges and their suggestions for 
solutions. Many new possibilities have emerged  
since 2003, when Dredging Days focused on tools 
and technology. Topics of the conference will 
include dredging tools and energy scarcity / high 
energy costs, climate change, extreme conditions, 
increasingly stricter environmental regulations and 
the dynamics of nature.

The Conference and Exhibition, in conjunction with 
Europort Maritime 2009. Corporate members of 
CEDA are invited to sponsor the conference. 
Interested organisations should contact the CEDA 
Secretariat for information and to discuss details. 

The International Association of Dredging 
Companies Award for a contribution to the literature 
on dredging will be presented for the best paper of 
the conference by an author under 35 years of age. 

For further information: 
CEDA Secretariat
Radex Building, Rotterdamseweg 183c
2629 HD Delft, The Netherlands
Tel:  +31 (0)15 268 2575 
Fax: +31(0)15 268 2576
Email: ceda@dredging.org

Mtec 2009
DE DOELEN, ROTTERDAM, THE NETHERLANDS
OCTOBER 21-23, 2009

The Maritime – Port Technology and Development 
Conference is the third in the series of conferences 
initiated by the Port of Rotterdam Authority and  
the Maritime and Port Authority of Singapore and is 
organised bi-annually in one of these two port cities. 

The following themes will be addressed: “Working 
together” on room for growth which includes port 
spatial planning and development, floating facilities 
and	environmental	zoning;	on	sustainable	ports	
including climate change mitigation and adaptation, 
air and water quality, building with nature, clean 
energy,	safety	and	security;	and	on	accessible	ports,	
including	port	infrastructure,	modal	split;	mobility	
management and virtual infra/ICT.

The International Advisory Panel comes from 
Rotterdam, Singapore, Kenya, TU Delft and PIANC.  
In connection with the conference, an exhibition will 
be organised featuring R&D in the port and maritime 
industries. Technical excursions are planned for a day 
prior to the conference, October 20.

For further information see:
www.mtec2009.com

europort Maritime 2009
AHOY ROTTERDAM, THE NETHERLANDS
NOVEMBER 3-6 2009

“Connecting the maritime world” is the theme of 
Europort 2009, a comprehensive international 
maritime exhibition. All sectors of the shipbuilding 
industry, from inland to sea shipping, construction 
vessels, naval specials, workboats and dredging, 
fishery and offshore, are brought together in one 
state-of-the-art exhibition. 

Europort takes place in one of the largest ports of 
the world – Rotterdam, and has a total exhibition 
space of 40,000 m2 divided over 10 halls.

For further information contact:
www.europortmaritime.nl
Tel.: +31(0) 10 293 32 50
Email: info@europort.nl
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of inland water transportation in the overall volume 
of traffic. The signers of the initial agreement were 
the European Federation of Inland Ports (EFIP) and 
TINA Vienna with the support of Via Donau on the 
European side and the Ohio River Authority and the 
Port of Pittsburgh on the US side. PIANC USA has 
assumed a leadership role in Smart Rivers in the USA, 
which led to PIANC Austria and PIANC International 
supporting Smart Rivers. Thus far there have been 
three conferences in Pittsburgh, Pennsylvania  (2005), 
Brussels, Belgium (2006), and Louisville, Kentucky 
(2007). Vienna will host the fourth.

Technical papers may address technical subjects as 
well as the institutional, business and economic 
aspects of inland waterway navigation. Scientific 
papers should concentrate on research and 
scholarship. Policy and organisational aspects 
concerning inland waterway navigation with 
reference to smart rivers issues are also welcome. 

Submission deadline for papers is May 29, 2009. The 
official congress language is English and all papers 
must be submitted in English. An acknowledgement 
e-mail will be sent to confirm receipt of each paper. 
The Programme Committee will review all draft 
papers and applicants will be notified of the paper 
status by June 15, 2009. Authors whose draft papers 
have been selected must submit their final paper 
online by the end of July 2009.

For more information please contact:
Otto Schwetz, TINA Vienna Transport Strategies
Email: otto.schwetz@tinavienna.at. 
www.smartrivers.org

Hydro9 conference
CAPE TOWN, SOUTH AFRICA
NOVEMBER 10-12 2009

The Hydrographic Society of South Africa, on behalf 
of the International Federation of Hydrographic 
Societies (IFHS), is to stage the first African Hydro 
conference at Cape Peninsula University of 
Technology’s Cape Town Hotel School. It will feature 
40 papers by leading world experts as well as an 
exhibition of equipment and services in addition to 
technical workshops and boat demonstrations.

Enhancing Global Capacity is the theme of the three-
day event which will open with keynote addresses by 
officials of the International Hydrographic

PIAnc MMX 
BT CONVENTION CENTRE
LIVERPOOL, UK
MAY 10-14 2010 

The quadrennial PIANC International Navigation 
Congress is a leading technical forum for 
professionals engaged in navigation, ports and 
waterways. This 32nd Congress also marks the 125th 
Anniversary celebration of PIANC. 

The Congress is open to all. Authors are invited to 
submit abstracts of their proposed papers not later 
than March 31 2009. Abstracts should be submitted 
electronically in MS Word format to PIANC 
headquarters at info@pianc-aipcn.org.  
Fax submissions and hard copies are not acceptable. 
Abstracts should be in English, limited to one page 
of single-spaced text including the title of the Paper 
and the name/s and affiliation/s of the author/s with 
the family name of each author underlined. Full 
contact details giving the name, title, address, phone, 
fax and e-mail address of all (co-)authors should be 
added on a separate page. A template for abstracts 
can be found at www.pianc-aipcn.org. Abstracts 
should summarise the major points of the paper to 
be presented at the Congress.

Papers may be accepted for either Full Presentation 
or Poster Presentation at the discretion of the 
Committee. Authors will be notified by September 
30th 2009.

For more information contact:
PIANC UK Section
The Institution of Civil Engineers
1 Great George Street, London SW1P 3AA, UK
Email: info@piancmmx.org.uk
www.piancmmx.org.uk

smart Rivers ‘21
VIENNA, AUSTRIA
SEPTEMBER 6-9, 2009

The Smart Rivers 2009 conference is being organised 
by TINA Vienna Transport Strategies and will include 
technical sessions, industry exhibits, and networking 
events. 

Smart Rivers ‘21 is the result of the efforts of major 
international organisations and companies in Europe 
and the USA to ensure and expand the rightful place 
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the so-called Linssen tonnes helped forecast the 
expected amount of dredging projects and the 
available capacity in the industry. Another of his 
initiatives was the establishment of the journal Terra 
et Aqua, through which Mr Linssen laid the basis for 
a magazine that still today is considered an 
authoritative voice for the dredging and maritime 
construction sector. In 1976, again at his initiative, 
the first joint site investigations were conducted, 
strengthening further international industry 
cooperation.

With all these constantly expanding cooperative 
actions, one should not underestimate the energy it 
took for Mr Linssen to bridge the differences of 
opinion and competitive spirits of these 
individualistic dredging companies. It was a 
monumental task getting everyone with their noses 
pointed in the same direction. After 20 years, on 
April 21 1982, Jacques Linssen bid farewell to IADC, 
to “his organisation”. But that certainly did not 
mean his interest in the industry was a thing of the 
past. For years afterwards he kept his eye on the 
developments at IADC and on the rapid changes in 
the ever more technological dredging industry. 

The international dredging companies are now more 
than ever worldwide players in the economic and 
social growth of ports and harbours, of offshore oil 
and gas industry and of coastal defence and land 
reclamation. The enormous fleets and intensive 
techological research that characterise the expertise 
of these companies is certainly partly a result of  
Jacques Linssen’s foresight and his long-term efforts 
on behalf of the industry. Jacques Linssen was, in 
the true tradition of the dredging industry, an 
innovator, a man with vision.

In late January of this year, the international 
dredging industry lost one of its founding fathers, 
Jacques Linssen, who was instrumental in creating 
the structural cooperation amongst the 
internationally operating dredging companies.

From 1959 onwards, working out of his offices at 
Adriaan Volker NV in Rotterdam, Jacques Linssen 
was closely involved in fostering the idea of a trade 
organisation that would unify the dredging industry 
worldwide. In 1961, under the chairmanship of 
Wichers Hoeth, director of Hollandsche Aanneming 
Maatschappij (HAM), Jacques Linssen was appointed 
Secretary General of the forerunner of this trade 
organisation. To maintain the independence of the 
new organisation, a separate location for the 
Secretariat was sought and, in 1964, found in  
The Hague. Not long after, in 1965, the International 
Association of Dredging Companies, the IADC, was 
officially incorporated.

From the start, Secretary General Linssen was a 
driving force in seeking common ground amongst 
the highly competitive dredging companies. As the 
years passed, the Secretariat in The Hague grew 
remarkably, as did the cooperation amongst the 
dredging companies working worldwide. Yet having 
his roots at one of the dredging companies gave 
Jacques Linssen great insight and authority, and he 
understood completely the need for fairplay and 
respect for each individual company whilst constantly 
seeking significant areas of common interest that 
could support all the companies in their endeavours. 

Calculating on large pieces of accounting paper, 
without the help of computers, he initiated the 
economic and statistical research for the industry and 

Organization and the South African Navy.  Main 
conference topics include: Positioning, Geophysical, 
Metocean, Education & Standards, Data 
Management, Survey Platforms, Coastal Mapping, 
Tides & Currents, Marine Environments, Hydrography 
for Marine Renewables, and Case Studies.
English-language abstracts of 300 words in MS Word 
format on any of the designated topics are invited 
for submission by no later than June 15th. Abstracts 
should be forwarded to:

The Hydrographic Society of South Africa 
PO Box 30532, 
Tokai, South Africa 7966 
Tel: +27 21 460-3046, Fax: +27 21 460-3710 
Email: admin@hydro9.co.za

Further general details on Hydro9, which will also 
feature a wide range of social events in and around 
Cape Town, are available via a dedicated conference 
website:  www.hydro9.co.za. 
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CovER

An artist’s rendering of the proposed Maasvlakte 2. This extension of the Port of Rotterdam has required  

extensive environmental studies and impact assessments to ensure the protection of the adjoining  

Voordelta (Fore-Delta) which is a legally protected Natura 2000 area (see page 20).
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