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 footprint over the lifecycle of  
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EDITORIAL
June was a busy month for dredging and navigational conferences. For the first time the IADC 

was invited to speak at the Organization of American States−Committee on Ports. OAS-CIP, 

whose delegates represent the nations with the largest ports in the North, South and Middle 

Americas, met in Washington, DC to confront a variety of maritime issues and welcomed IADC’s 

perspective on ‘Early Contractor Involvement’ and ‘Green Dredging Technologies’. In the same 

two-week period both PIANC in San Francisco, California and then WEDA in Toronto, Canada 

brought hundreds of maritime experts together. The IADC also joined its colleagues at these 

events to meet, greet, network and learn about some of the newest research developments in 

the dredging and maritime infrastructure world. 

For the IADC one of its highest priorities at these events is to encourage a new generation of 

engineers to participate in the dredging industry. This effort can also be seen in other IADC 

activities like its Seminars, aimed at educating young professionals about dredging (see page 32). 

The IADC Young Management Days and the Young Professional groups within the member 

companies also focus on supporting younger people in their careers as future leaders within the 

dredging industry.

However, at such maritime conventions, the IADC’s attention to young professionals is especially 

visible. For instance, each year at selected international conferences, the IADC grants a Young 

Author’s Award. Advised by the paper selection committee of the conference, the IADC 

members evaluate the submissions of authors younger than 35 years of age whose research 

makes a significant contribution to current dredging literature. 

This year the award was presented at the PIANC World Congress in San Francisco. After 

narrowing the field to four excellent papers, the finalists were then judged on their presentations 

as well. The award comprises a certificate, a € 1000 and possible publication in Terra et Aqua. 

The IADC award-winning paper “Reducing Shoaling in the Texas Gulf Intercoastal Waterway” 

(see page 20) more than fulfilled its goal of recognising younger people at work in dredging  

and navigation. Of the nine authors, eight were under the age of 35. And as well as 

encouraging young researchers, the award also demonstrated the value of teamwork. 

PIANC also presented its own Young Professional award, also aimed at acknowledging, 

encouraging and investing in younger colleagues. Terra is also pleased to publish this paper  

on “Ecologically Enriched Extraction Sites” (see page 3). 

This focus on the next generation of maritime experts is part of the dredging industry’s 

commitment to attracting the best and the brightest. It is a way to reward the energy and 

enthusiasm of young people, who spend years studying at our top universities earning high-level 

academic degrees, who understand the role that dredging plays in the social and economic well-

being of the global community. It is the industry’s way of mentoring and inspiring them, of 

welcoming them to our project and management teams.  

And it is a way of ensuring continuity for the future. A future which portends climate change 

and sea level rise, growing urban populations and an increase in water-borne cargo that 

demands expanded ports. These predicted developments mean that dredging has become ever 

more central to successful maritime infrastructure projects and that having qualified researchers 

and dedicated engineers is ever more crucial to the success of the industry and to global 

prosperity.
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ABSTRACT

Marine extraction sites alter the morphology 

of the seabed and in doing so offer unique 

opportunities to create a new environment in 

these locations. A new physical lay-out means 

deeper waters and different currents and 

sediment characteristics, which offer 

conditions to develop a new ecosystem or  

a sanctuary for certain fish species. This 

potential has been tested in a full-scale pilot 

project in an extraction site in the North Sea 

within the Building with Nature research 

programme. 

The necessity for this pilot project on utilising 

the potential of new extraction sites is 

evident. Rising sea levels and increasing 

pressure on available coastal lands lead to  

the need for new land reclamations for ports, 

cities, nature and recreation, but also sand 

nourishments for sustainable coastal safety. 

These are only a few of the many projects 

that are expected to take place in the future, 

which will need significant amounts of sand 

from offshore sources, thus creating extensive 

extraction sites. These extraction operations 

should be seen as an opportunity to manage 

these sites and create an overall increase in 

natural value of the seabed.  

The research done here derived from the 

premise: Instead of focussing on minimising 

negative effects let’s create opportunities to 

maximise positive effects. This article describes 

efforts to do this during the design process, 

construction and monitoring programme by 

creating a landscaped extraction site in the 

North Sea. It provides an overview of the 

preliminary results, focussing on the added 

value of landscaped extraction sites. It also 

describes when they are most effective; it is 

important to realise that the choice for an 

ecological landscaping design should be based 

on both the potential for development of a 

new ecosystem and the economic workability 

of the extraction itself (main function of the 

site). 

This article is based on a paper presented at 

the 33rd PIANC World Congress, San 

Francisco, California, in June 2014, which 

received first prize for the PIANC Young 

Professional Award for outstanding technical 

paper and presentation authored by a young 

professional. It is reprinted here in a slightly 

adapted form with the permission of PIANC.

INTRODUCTION 

Coastal development and management  

along sandy coasts, such as those in the 

Netherlands, is heavily based on dynamic sand 

nourishment programmes, often combined 

with new (seawards) land development. 

Depending on the coastline development, 

expected sea level rise can require an 

up-scaling of nourishment activities to be  

able to maintain current safety levels.  

Ideally, these nourishments are combined  

with quality enhancement of the coastal living 

communities, recreational sites and protected 

nature areas. 

In the case of the Netherlands, coastal experts 

expect that the current 12 million m3 of sand 

needed to maintain the coast each year may 

rise to 40-80 million m3/year (Aarninkhof et al. 

2012). This large amount of sand will be 

dredged from sand extraction sites in the 

North Sea (Figure 1). The expected increase in 

volume demands more and larger extraction 

sites. 

Although in the short term the dredging will 

affect the local seabed and its inhabitants 

(they are effectively removed), the increase of 

the dimensions of the extraction sites offers 

unique opportunities to develop these sites  

for more than just extraction of sand.  

UTILISING THE FULL POTENTIAL OF
DREDGING WORKS: ECOLOGICALLY 
ENRICHED EXTRACTION SITES 

D.C. RIJKS, M.F. DE JONG, M.J. BAPTIST AND S.G.J. AARNINKHOF

Above: Using a beam trawl, 4.5-m wide made with  

80 mm mesh to monitor for demersal fish – fish living 

and feeding on or near the seabed; the net filled with 

fish attracts a variety of gulls. Repetitive monitoring is a 

critical part of ecologically enriching extraction sites. 

Utilising the Full Potential of Dredging Works: Ecologically Enriched Extraction Sites  5
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for extraction would have increased as a result 

of longer sailing distances.

Ecological Landscaping 
Building with Nature took this innovative 

extraction site a step further and designed 

and constructed landscaped bed forms in the 

seabed of the extraction site. The design, 

inspired by locally occurring sand waves, 

aimed at creating maximum gradients for 

water depth and current velocities, hence 

seabed sediments. This yielded a diverse 

environment for a variety of habitats whilst 

taking into account that the created slopes 

and depths would not induce oxygen 

depletion in the site.

The artist’s impressions in Figure 2 summarises 

this concept: in contrast to extraction areas 

with a flat seabed (a), which after dredging 

yield an ecologically poor habitat (b), seabeds 

with natural bed forms, with landscaped 

mining areas (c) are hypothesised to 

encourage re-colonisation and promote higher 

biodiversity and productivity (d) after 

completion of the dredging operations. 

The subsequent monitoring focussed on 

determining whether this innovative sand 

extraction site design with a higher habitat 

INNOVATIVE SAND EXTRACTION
Although traditionally sand extraction in  

the Netherlands is permitted in the upper  

2 metres of the seabed and in designated 

areas below the 20-metres depth contour 

(usually at least 12 nautical miles from the 

coastline), the permit for the sand extraction 

site for Maasvlakte 2 allowed for deep 

extraction (20 m below the seabed) reducing 

the extraction site size, and thus the impact 

on the seabed, by a factor of ten. In fact, if a 

(traditional) 2-m deep extraction had been 

required, the area needed for the extraction 

of sand for Maasvlakte 2 would have 

measured about 11 km by 30 km and costs 

The research described here tests the premise 

that instead of focussing on minimising 

negative effects, opportunities can be created 

to maximise positive effects. Using an 

ecosystem-based approach through an 

ecological design and using natural processes, 

the traditional ‘ecological threats’ can be 

turned into sustainable opportunities.  

This philosophy was tested in the Building 

with Nature research programme (see box), 

through a large scale pilot project prepared 

and carried out in the 240 million m3 sand 

extraction site for the Maasvlakte 2 Port of 

Rotterdam expansion project.

Figure 1. Coastal replenishment and management along sandy coasts is based on dynamic sand nourishment 

programmes and demands many millions of cubic metres of sand each year.

INNOVATION PROGRAMME ‘BUILDING WITH NATURE’

‘Building with Nature’ is a five-year 

innovation and research programme (2008-

2012) carried out by the Foundation 

EcoShape (www.ecoshape.nl). This € 30 

million programme is an initiative of the 

Dutch dredging industry, whilst partners 

represent academia, research institutes, 

consultancies and public parties. 

The programme aims to develop 

knowledge for the sustainable development 

of coasts, deltas and rivers by combining 

practical hands-on experience with state-of-

the-art technical and scientific knowledge 

on the functioning of the ecosystem and its 

interaction with infrastructures. Key is that 

infrastructure solutions are sought that 

utilise and at the same time enhance the 

natural system, such that ecological and 

economic interests strengthen each other. 

This approach is reflected in the five 

objectives that were established for the 

programme:

1.  Develop ecosystem knowledge enabling 

‘Building with Nature’

2.  Establish how to bring the BwN concept 

forward in society and make it happen

3.  Develop scientifically sound design rules 

and norms

4.  Develop expertise to apply the BwN 

concept

5.  Make the concept tangible using 

practical BwN examples

The core of the programme is centred on 

four real-world cases (the Holland Coast, 

Southwest Delta and the Marker and IJssel 

Lakes in the Netherlands, plus a case in 

Singapore in a tropical environment). 

Generic research on governance-related 

topics and nature sciences is carried out by 

a group of 19 PhD researchers. Throughout 

the programme the interaction between 

disciplines is promoted, involving ecologists, 

engineers and policy makers. The lessons 

learnt from these cases are used to 

formulate generic guidance for the design 

and implementation of these types of 

solutions, in the Netherlands as well as 

abroad. All results of the programme 

became available through a public wiki as 

per January 1, 2013. (https://publicwiki.

deltares.nl/display/BWN/Building+with+Nature).
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heterogeneity results in a faster 

re-colonisation, higher biodiversity, higher 

productivity of benthic and demersal fauna 

and overall economic benefits.

Mutual Benefits 
The ultimate goal of the pilot was to prove 

the added value of combining ecology 

(nature) and economy thereby creating mutual 

benefit. The project searched for the best 

ways to design and construct landscaped bed 

forms to study the potential of the ecological 

development (increase in biodiversity) when 

extraction is finished and therefore, the 

ecosystem can optimally benefit from the 

resultant underwater landscape. By actually 

creating the landscaped forms and monitoring 

the ecological development, the theory and 

design could be tested in a real-life situation, 

thus ensuring that the final Building with 

Nature design guidelines are realistic and 

technically feasible. Based on involvement of 

stakeholder with ecologists, morphologists, 

permitting authorities, port representatives 

and contractors, requirements and technical 

parameters needed for the design, 

construction and monitoring were determined 

and listed. This process created understanding 

and awareness, thereby contributing to 

acceptance of the innovation (combining 

ecology and economy) by all parties involved 

(Figure 3).

Figure 3. Involvement of stakeholders and international experts was an integral part of the project’s initial phase and 

continued through the planning and design phase.

(a) 

(c) 

(b) 

(d) 

Figure 2. Artist’s impression of the concept of seabed landscaping in extraction sites: (a) traditional extraction areas 

with a flat seabed yield poor habitats (b), whereas the BwN landscaped areas (c) encourage biodiversity  

(d). https://publicwiki.deltares.nl/display/BWN/Case+-+Ecosystem-oriented+Landscaping+of+Sand+Extraction+Sites
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DEVELOPMENT PROCESS
This article describes the phases followed from 

idea to construction:

1.  Initiation Phase 

a.  Definition of ecological benefits:  

Based on the idea of landscaping sand 

extraction sites, brainstorm on aspects/

benefits that are considered to be 

important (biodiversity) and how design 

and location can be chosen to achieve 

this; 

 b.  Literature research on previous studies to 

be used as reference, lessons learnt and 

background data in the project;

 c.  Study on policy and juridical opportunities 

and restrictions to determine if and how 

the landscaping could be implemented in 

new or existing permits;

 d.  Search for a suitable location;

 e.  Stakeholder involvement. After the 

preliminary stages, a workshop was held 

to involve stakeholders and (international) 

experts in the project. The chosen aim, 

location, approach and expected results 

were discussed and were adapted where 

necessary based on experiences and expert 

judgement of the stakeholders. 

2.  Planning and Design Phase 

a.  Selection of extraction site for pilot 

locations (together with stakeholders);

 b. Determination of design parameters and 

points of departure;

 c.  Design landscape shapes (bed forms) in 

consultation with ecologists and 

contractors;

 d.  Positioning of chosen designs in 

extraction site;

 e.  Execution of morphological modelling for 

stability and development through time;

 f. Discussion of results with stakeholders;

 g. Finalisation of design.

3.  Construction Phase  

a.  Through active involvement, acceptance 

pilot project in extraction site by 

permitting authorities;

 b.  Integration of final design in contractor 

dredging plan;

 c.  Execution and surveying of construction 

of bed forms in site;

 d.  Lessons learnt in discussion with all 

stakeholders including contractor and 

captains of the dredging vessels on 

workability (practical experiences).

4.  Monitoring Phase

 a.  Detailed short- and long-term monitoring 

plan including bathymetric survey, 

sediment characteristics, density and 

biomass of benthos and fish;

 b.  Execution of monitoring works;

 c.  Analysis of results and drafting 

conclusions and recommendations. 

DESIGNING LANDSCAPED 
EXTRACTION SITES 
The combination of dredging and ecological 

development has been recognised over  

a longer period of time. In many cases, 

dredging and managed disposal of dredged 

material are used as tools to create new 

environments for nature development. 

However, these were often dedicated projects 

that aimed at the actual development of 

nature. Moreover, never before has an 

ecologically enriched extraction site of this 

scale been realised.

Initiation and Concept 
In recent years, the perception or design 

approach of coastal development and water-

related infrastructure projects has changed.  

It started with stakeholders and engineers 

searching for additional opportunities that 

could be integrated in a project to enhance 

the final quality without compromising the 

main ‘function’ of the project. Examples are 

coastal nourishments in combination with 

natural dune development or harbour 

expansion projects in combination with beach 

Figure 4. Relationship between the number of species and densities of macrobenthic organisms in the trenches and on the tidal bars (Van Dijk et al. 2012). 

Densities m2

Figure 5. Flow chart showing the process used to 

accumulate requirements for designing the bed forms at 

the existing extraction site.  

Technical parameters 
(Dredging)

What kind of equipment is available 

and what extraction techniques are 

possible?

Ecological parameters
What kinds of ecological habitats can 

exist in these situations based on 

certain key ecological indicators 

(benthos / fish)? 

Physical parameters (Modelling)
Which types of bottom morphology 

(shape and size) will remain in the pit 

without being affected by natural 

morphological dynamics?
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recreation and fish migration routes. 

‘Working’ or ‘Building with Nature’ goes a 

step further. In addition to looking at 

opportunities to enhance the natural value of 

the project, it searches for ways to actually 

build with nature, i.e., use natural processes 

and organisms in construction and operation 

to the benefit of the project.

This philosophy led to interesting discussions 

on the potential of the new physical 

characteristics of the extraction sites once 

sand mining was finished. The main discussion 

concerned the choice for ‘rehabilitating’ or 

‘recovering’ the original seabed habitat versus 

developing new habitats after the extraction 

was finished. The main question is whether or 

not it is better to return the site to its original 

situation or to create a potential for a 

different ecological development with the 

possibility to enhance local biodiversity and 

increase biomass. 

This pilot was set up to demonstrate that the 

second option (create a potential for a 

different ecological development) may be the 

best option, and that extraction sites can be 

designed in such a way that they create a 

new environment for ecological habitat 

development with potential benefits for a 

variety of functions:

•  Nature/ecology (benthos, fish, birds, sea 

mammals) 

a.  Development of the seabed and its 

accompanying communities;

 b. Increased biodiversity in the area; 

 c.  Protection of threatened or endangered 

species by creating tailor-made resting 

and spawning areas; 

•  Social/Recreation 

 d.  Creating attractive diving or sport fishing 

sites;

• Economy

 e.  Fisheries: creating habitats that attract 

specific types of commercially interesting 

fish and shellfish (productive fishing 

grounds);

 f.  Mining: mine only specific pockets 

containing desired types of sand, gravel, 

ore, and such and leave behind bed 

forms containing unusable materials.

Ecological Design and Embedding in 
Extraction Site
Different habitats exist in a seabed, related to 

variations in morphology, hydrodynamic 

conditions, water depth and sediment 

composition. Ecological research on tidal sand 

bars and sand waves has shown that there are 

significant differences in the benthic 

community composition and macrozoobenthic 

assemblages of the trough, slope and crest of 

natural occurring sand waves (Figure 4) 

(Baptist et al. 2006; Van Dijk et al. 2012). 

Resulting from discussions between engineers 

and marine ecologists, the choice was made 

to create bed forms with variations of water 

depth that have a positive effect on the 

biodiversity and biomass. The gradients should 

be made large enough to accentuate any 

potential for differences. This assists in 

determining the actual effects of the bed 

forms with a higher level of accuracy and 

significance.

The design process then started with the 

accumulation of requirements needed for the 

bed forms, which were translated into an 

integrated design. In this project, the design 

needed to be fitted into an existing extraction 

site with ongoing dredging works. This asked 

for flexibility in the design and careful 

coordination with the contractor, the client 

and the permit-issuing authority. The 

requirements for the design were therefore 

focussed on what was practically possible in 

the chosen extraction site. The process of 

accumulating the requirements is shown in 

the flow chart (Figure 5).

The pilot location was the sand extraction site 

for the Port of Rotterdam Maasvlakte 2 port 

Figure 6. Maasvlakte 2 Port of Rotterdam expansion project (green area), with right, zooming in on the location of the pilot 

extraction sites (blue circles). Red lines indicate the natural orientation of bed forms.

LOCATION OF PILOT SITE
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expansion/land reclamation project. The site 

lies about 20 km offshore from the Port of 

Rotterdam. It is the largest extraction site 

along the Dutch Coast. The sides have a 

minimum slope of ca. 1:7-1:10 and the 

extraction depth is between NAP -40 and 

-42m (20 m below seabed). It had sufficient 

capacity (>250 million m3) to create two large-

scale bed forms. 

The choice for large-scale bed forms was 

made as a result of first order morphological 

models that showed that they are expected to 

be morphologically stable long enough for 

colonisation to take place. 

Furthermore, the permit for the extraction site 

allowed for deep sand mining to an average 

depth of at least 10 m below the existing 

seabed. Both the size and depth were 

important aspects, especially as future 

extraction sites are expected to increase to 

similar sizes.

Figure 6 shows the geographical location in 

the North Sea (green area) of Rotterdam 

harbour and zooms in on the location of the 

two pilot areas in the extraction site itself 

(blue circles). The natural orientation of bed 

forms in the area, parallel to the tidal current, 

is shown as a reference (dark red lines).  

DESIGN PARAMETERS
Based on detailed discussions between marine 

ecologists, engineers, permitting authorities 

and dredging contractors, the following 

design parameters were identified for use in 

the design of the landscaped bed forms (Rijks 

et al. 2011):

Technical parameters
Although dredging contractors can create 

almost any shape, several aspects have to be 

taken into account to ensure that no 

unnecessary high costs and loss of time occur:

-  Dredging depth of available dredging 

vessels;

-  Manoeuvrability of the vessels, since sharper 

or more detailed contours take more time 

to create;

-  Capacity (dredging volume) of the ships: 

too small or too large shapes increase 

dredging effort;

-  Hydraulic conditions in and around the 

extraction site, shapes lying oblique to the 

main tidal current limit dredging capacity of 

vessels (Figure 7).

Physical parameters
Physical parameters are described here and in 

Figure 8:

•  Orientation and size in relation to 

morphological (in)stability; 

•  Grain size distribution: fine sediments in 

trough, more coarse sediment on the top;

•  Currents: bed forms can minimise current 

speeds for optimal ecological development 

or enhance hydraulic dynamics and, e.g., 

related transport of nutrients;

Ecological parameters
When determining the desired ecological 

habitat, the most important criteria are the 

basic physical characteristics of the sand 

extraction site. This includes depth, availability 

of slopes and of course sediment 

characteristics after sand extraction has 

finished. For example, some benthos species 

appear to prefer quiet environments with 

higher content of fines, while others are more 

likely to be found in higher energy 

environments with moderate to large grain 

sizes. The first can be found in the troughs of 

the bed forms, the second at the slopes and 

crests. Ecological habitats can be chosen on 

the basis of these parameters, taking into 

account the natural habitats in the area.  

A higher diversity is usually appreciated/ 

valued more, both for benthos and for fish. 

Several design requirements and preferences 

that determine these gradients and 

subsequent ecological development for the 

sand bars in this large scale extraction site are:

•  Sufficient amplitude, 10 m height difference 

was chosen;

•  Large enough to be able to carry out a 

monitoring programme;

•  Orientation: parallel to the dominant 

current direction (easy to dredge) and 

oblique to this current (difficult to dredge);

•  Constructed before the spawning season;

•  Untouched for a period of about 4-6 years;

• Differences in sediment characteristics.

CONSTRUCTION OF LANDSCAPED 
EXTRACTION SITES
Construction Preparation
After the design was finalised, dredging of 

the sand bars started. In this pilot project, the 

locations of the sand bars were situated 

within an active sand extraction site. This 

meant that a special dredging plan had to be 

made to ensure that the regular work was not 

hindered. 

The following steps were taken:

1.  The local bathymetry in the extraction site 

was studied in more detail together with 

the contractor to determine exactly where 

the sand bars could be made;

2.  Based on expert judgement concerning 

hydraulics, morphology and ecology, a 

choice was made for the preferred 

locations. In both cases, the sand bars were 

positioned near the existing slopes of the 

sand extraction site to ensure an extra slope 

and trough in the total design;

3.  The contractor designated a temporary 

buffer around the preferred locations 

Figure 7. Computer image of 

skewing effect of currents on 

dredging operations.



exempting the area from sand extraction 

until the final position and design was 

determined;

4.  The design was integrated into the existing 

sand extraction GIS database containing the 

bathymetry and sediment composition data. 

Based on a GIS calculation, total dredging 

volumes and grain size were determined;

5.  The designs, volumes and related grain sizes 

were integrated into the overall contractor 

dredging plans and the on-board GIS 

dredging systems (Figure 9). Captains 

received instructions on how to dredge the 

sand bars; 

6.  The temporary exemption areas were 

removed and the ships were asked to create 

the sand bars.

Dredging Equipment
The sand bars were constructed using several 

trailing suction hopper dredgers (TSHDs) that 

removed sand around the sand bar itself 

during a period of several months (Figure 10). 

These ships are able to dredge to large depths 

with high precision. The TSHDs approached 

the chosen locations in various ways 

depending on the currents, waves, presence 

of other ships and overall dredging plan. In all 

cases, they aimed to sail a pattern that was as 

efficient as possible.

It is clear that landscaping of extraction sites 

requires modern equipment; dredgers have to 

be well instructed and the shapes have to be 

checked by the contractor beforehand so as 

to ensure that they can be realised with the 

equipment at hand.

The parallel sand bar bed form was finished in 

June 2010 and after a detailed survey, 

monitoring immediately started to determine 

the presence of benthos and fish. As the 

orientation of the sand bar lies in the same 

direction as the normal/preferred dredging 

operations, the dredging was carried out 

without any difficulties.

The oblique sand bar was much more difficult 

to dredge as the vessels could only dredge 

along the bar during slack tides when the 

currents were low. With higher currents, the 

vessel could be swept over the dredging arm 
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Figure 8. Different 

alternatives for the design 

and scheme of dredging 

volume. 

Figure 9. GIS positioning and bathymetric systems (left = oblique, right = parallel).
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occurrence of biodiversity in relation to water 

depth, position on the sand bar, median grain 

size distribution, fraction of fines, silt and 

organic matter and time for re-colonisation. 

The results of the monitoring are used to 

determine which design parameters are 

important to take into account; both to 

achieve higher biodiversity and biomass and 

to keep the extraction works economically 

feasible.  

Preparation of Monitoring Plan
During the design and preparation phases,  

a monitoring plan was defined focussing on 

benthic infauna and epifauna, before and 

after sand mining, and both inside and 

outside the ecological extraction site.

Analysis was carried out on the 2006 and 

2008 surveys for the baseline study of the 

Environmental Impact Assessment (EIA) for 

the construction of Maasvlakte 2 to enable 

The sand bar parallel to the main current 

direction is shown in Figure 11. The first pilot 

location was chosen in the north-eastern part 

of the extraction site and lies between the 

edge of the site and the adjacent plateau (see 

Figure 6). The second sand bar is oblique to 

main current direction. This second pilot 

location lies along the southern edge of the 

sand extraction site (see also Figure 6) and it 

has a natural orientation oblique to the main 

current direction (Figure 12). 

MONITORING ECOLOGICAL 
DEVELOPMENT
An intensive multiyear monitoring programme 

was set-up to investigate the changes in 

benthos and fish. Surveys were carried out in 

the spring of 2010, 2011 and 2012 with the 

aim to investigate and compare the presence 

of benthos and fish inside and outside (as a 

reference) of the extraction site. The analysis 

of the monitoring results concentrated on the 

and cause considerable damage and danger 

to the vessel.

Integration of Design in Extraction 
Site
The final design found an optimal 

combination between the new physical 

circumstances at the bottom of the extraction 

site, suitable ecological habitats of species 

present in the surrounding area and 

(reasonable) workability of the dredging 

vessels. 

In the pilot project, two large-scale sand bars

were created of about 1.25 million m each, 10 m 

high (from ca. -30 m to ca. -40 m), and 750 m 

long with slopes of ca. 1:7-1:10 (Figure 8).

 

One sand bar was created parallel to the main

current direction, the other almost 

perpendicular to the main current in order to 

study differences, if any, in the alignment. 

Figure 10. TSHDs creating the parallel sand bar. In the 

photo left the sand bar lies to the port side of the vessel.

Figure 11. Parallel sand bar profile design (left) and survey of final result (right).



Significant differences between the crests and 

troughs of the sandbars were detected (De 

Jong et al. 2014). 

The increased biomass of demersal fish was 

closely linked to increased biomass of white 

furrow shell (Abra alba) that flourished in the 

fine sediments of the extraction site (De Jong 

et al. 2014; Tonnon et al. 2013).

This increase in fish is a key outcome of the 

project, indicating that the environmental 

impacts of sand extraction areas are not 

necessarily negative. Moreover, the high fish 

density may yield economic potential for 

re-development of the pit as fishing grounds 

for local communities. Although the data 

show that the highest densities of fish are 

found near the artificially created bed forms, 

it remains to be investigated what processes 

drive this. Can it be explained: 

-  by the shape of the applied seabed 

landscaping creating diverse habitats, or 

-  as a secondary effect of an increase in 

benthic food in or near the bed forms, or 

-  is it owing to the fact that the seabed 

remained untouched after dredging, or 

- is it a combination of all three. 

4.5-m wide trawl with 80 mm mesh size in 

the net (see opening photo).

In addition to biological data, supportive 

physical data on bed elevation (multi-beam 

survey), sediment characteristics, 

hydrodynamic variables and time after 

cessation of sand extraction were collected. 

Table I shows the number of sampling points/

tracks per year during the monitoring 

campaign.  

For benthos and demersal fish sampling, the 

surveys distinguished between those in the 

reference area (crests and troughs of sand 

waves) and in the extraction site the edge, the 

deep part and the crests and troughs of the 

sand bars. 

Results and Observations of 
Monitoring 
Preliminary monitoring results showed that 

benthos and pelagic and demersal fish quickly 

entered the extraction site. The monitoring 

revealed a four to five time increase of fish 

density inside the 20 m deepened borrow pit 

at a comparable species diversity compared to 

the reference locations (De Jong et al. 2014). 

comparisons with the situation prior to the 

large-scale sand extraction (Kaag and 

Escaravage, 2007; Craeymeersch and 

Escaravage, 2010; De Jong et al. in prep. a, 

Borst et al. 2012). 

Finally the monitoring activities were planned 

in anticipation of the sand extraction activities.

Execution of Monitoring 
The monitoring programme consisted of three 

types of ecological measurements with 

different equipment (Figure 13):

1.  Box core measurements involved sampling 

with sediment cores of the upper 20-30 cm 

of the seabed, to assess all infauna (animals 

living in the seabed) larger than 1 mm, and 

sediment;

2.  Bottom dredge measurements involved 

sampling for infauna and epifauna (animals 

living in or on the seabed) larger than  

0.5 cm and smaller than 10 cm, using a 

bottom-cutting dredge over a relatively 

large sampling area (10 cm deep, 10 cm 

wide and 150 m long tracks); 

3.  Beam trawl measurements involved fishing 

for demersal fish (living and feeding on or 

near the seabed) and epifauna using a 
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Figure 12. Oblique sand bar profile design (left) and survey of final result (right).

Figure 13. Left to right: Monitoring with a box core; box corer sampling in the dredge; sample from the seabed in the reference area with epifauna and fish; and the sample sorted.



Without their support this pilot project 

could not have been realised so quickly and 

on such a scale. A special thanks to the 

captains of the dredging ships involved in 

creating the sand bars and for their 

feedback concerning the workability of the 

designs and suggestions for improvements; 

•  The Port of Rotterdam is responsible for the 

construction of the Maasvlakte 2 and kindly 

allowed the pilot to take place in their 

extraction site. They actively took part in 

the technical and juridical discussions and 

put their considerable expertise, knowledge 

and data on the coastal area in and around 

the extraction site at our disposal; 

•  The Ministry of Transport, Public Works and 

Water Management, Directorate-General 

for Public Works and Water Management 

(Rijkswaterstaat Dienst Noordzee), the 

responsible entity for granting the permits 

in the extraction area. They also made their 

impressive knowledge on the Dutch coastal 

and ecological system and (legal) permit 

requirements available; 

•  EcoShape for assisting in organising the 

workshops, inviting stakeholders, making 

the BwN information available and in 

providing office support and facilities.

Finally, the many other experts from within 

and outside the Building with Nature 

Programme that joined the technical 

workshops and contributed to the brainstorm 

sessions must be acknowledged.

The results of the bathymetric multi-beam 

surveys showed that the ecologically designed  

sand bars were stable and allowed for longer-

term development of ecosystems in the 

extraction site.

Figure 14 shows the bathymetry of the sand 

extraction site in 2010 with superimposed the 

observed average demersal fish species density 

and composition in the extraction site and 

reference area in 2010, 2011 and 2012. The 

parallel sand bar is visible in the north-western 

and the oblique sand bar in the southern part 

of the extraction site. Maximum water depth 

in 2010 was found in the area around the 

parallel sand bar. 
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Table I. The number of sampling points/tracks per year during the monitoring campaign.

Year 2010 2011 2012

Box core 45 45 63

Bottom dredge 26 26 32

Sediment characteristics 45 45 63

Beam trawl (4.5 m, 80 mm mesh) 4 outside / 6 inside 7 outside / 13 inside 4 outside / 10 inside

Hydrodynamic modelling First order - In- and outside 
extraction site

Figure 14. Summary of 

findings from demersal 

fish monitoring 

campaigns 2010-2012. 
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CONCLUSIONS

This article describes the preparation, 

design and results of a pilot for an 

ecologically enriched extraction site.  

Based on the results of the monitoring 

programme, it proves that the concept of 

ecological landscaping has high potential. 

Furthermore, the stakeholders involved in 

the project have changed their perception 

of extraction sites from being a traditionally 

negative issue into a positive view on 

opportunities for ecological development 

and added value for the local environment. 

In the case of sand extraction sites, it is 

therefore advisable to use ‘establishment of 

habitats’ instead of ‘recovery of habitats’.

In addition, the following conclusions can 

be drawn:

•  Designing an ecologically enriched 

extraction site should be: 

-  Based on existing ecosystem and local 

physical conditions;

 -  Linked to the size and volume of the 

extraction site;

 -  Done in cooperation with ecologists, 

morpho- and hydrodynamic experts, 

the fishing industry and dredging 

contractors;

 -  Discussed with permitting authorities 

beforehand to define requirements 

(if any);

 -  Take place preferably before dredging 

works start, to allow the contractor to 

make a cost-efficient dredging work 

plan.

•  Constructing the landscaped seabed: 

-  If designed correctly and in 

consultation with dredging contractor, 

has no influence on production rates 

and thus time and cost;

 -  Can be beneficial especially if different 

kinds of sediments/grain sizes are 

needed within the same extraction 

area.  

This work puts sand mining for land 

reclamations, coastal safety, port 

development and other uses in a new 

perspective. Rather than adopting the 

traditional focus on negative, direct 

environmental impacts caused by seabed 

removal, this work shows the potential and 

opportunities for ecological and economic 

benefits of sand extraction. 

In fact, data from monitoring surveys show 

an increased density of demersal fish that 

can be attributed to the presence of the 

deepened sand extraction site itself plus 

additional benefits owing to the realisation 

of landscaped bed forms within the site. 

These new insights can make an important 

contribution to improved (sustainable) 

designs for marine and navigation 

infrastructure, hence to reduce lead times 

of future projects in marine environments 

through a Working and Building with 

Nature ecosystem-services approach.



ABSTRACT

‘Building with Nature’ is a programme carried 

out by EcoShape (www.ecoshape.nl),  

a consortium of private parties, government 

organisations and research institutes.  

It involves disciplines from natural sciences, 

technology and social sciences to successfully 

operate in the continuum between nature, 

engineering and society. In the Building with 

Nature programme, specific attention is 

devoted to using nature and natural processes 

in designing, building and managing maritime 

engineering projects. The CO
2
-related aspects 

of such projects must also be taken into 

account. For that reason the Building with 

Nature (BwN) initiative includes the 

development of a programme that focuses  

on ecosystem-based CO
2
 footprinting.  

The objective is to identify and use the ‘CO
2
 

buttons’ involved in maritime engineering 

projects – such as coastal and embankment 

reinforcement and land reclamation projects  

– so that engineers can take decisions in the 

design stage that will positively affect the CO
2 

footprint.

INTRODUCTION

Excavation uses an enormous amount of 

energy. Dredging, even in the context of 

‘Building with Nature’ (BwN) projects, involves 

high emissions, including CO
2
 emissions. 

Although the dredging industry is already 

working with more energy-efficient vessels 

that emit less CO
2
 for every cubic metre 

excavated, maritime engineering designs 

could offer more CO
2
-efficient solutions by 

implementing even more efficient execution 

methods or by creating precisely the right 

conditions for sequestering CO
2
 in the 

ecosystem where the project is being 

constructed.

For that reason the ‘Building with Nature’ 

(BwN) initiative includes the development of a 

programme that focusses on ecosystem-based 

CO
2
 footprinting. The Building with Nature 

innovation programme is committed to the 

integration of infrastructure, nature and 

society in new or alternative forms of 

engineering that meet the global need  

for intelligent and sustainable solutions.  

The programme is carried out by EcoShape 

(www.ecoshape.nl), a consortium of private 

parties, government organisations and 

research institutes. It involves disciplines  

from natural sciences, technology and social 

sciences to successfully operate in the 

continuum between nature, engineering and 

society.

The objective of BwN in relation to CO
2
 is to 

identify and use the ‘CO
2
 buttons’ involved in 

maritime engineering projects, such as coastal 

and embankment reinforcement and land 

reclamation projects, so that engineers can 

take decisions in the design stage that will 

positively affect the CO
2
 footprint.

CO2 FOOTPRINTING PROGRAMME
The essence of the ecosystem-based CO

2
 

footprinting programme is that the design 

phase examines not only the equipment used, 

but also the emissions throughout the entire 

chain: it takes into consideration the CO
2
 

balance of the execution and the sandpit as 

well as the changes in the ecosystem initiated 

by the project. 

For example, BwN solutions are often based 

on the use of natural systems, such as tidal 

marshes, mangrove forests and willow 

thickets. Such systems are also referred to as 

Blue Carbon Systems. Blue Carbon Systems 

are those in which the carbon stored by 

coastal and ocean ecosystems, such as tidal 

TOWARDS 
 
 

S. DEKKER, J. VAN DER KLOOSTER, J. FISELIER AND H. THORBORG

Above: Dredging for embankment reinforcement  

at Camperduin, on the Dutch coast. Since fuel 

consumption is one of the main cost factors during 

dredging, the sector is developing more energy-efficient 

vessels and trying to use cleaner fuels to reduce CO
2
 

emissions.
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PRESSING THE CO2 BUTTONS: TOWARDS 
ECOSYSTEM-BASED CO2 FOOTPRINTING
FOR MARITIME ENGINEERING PROJECTS



coastal and ocean ecosystems, 

such as tidal marshes, mangroves 

and seagrasses, remove carbon 

from the atmosphere and ocean 

and store it in plants and/or 

deposit it in the sediment below 

them by natural processes. 

These coastal ecosystems are very 

efficient at sequestering and 

storing carbon and thus Blue Carbon Systems 

account for a significant portion of the CO
2
 

sequestration by the world’s oceans. 

Maintaining, restoring and 

developing such systems affects 

CO
2
 sequestration during 

projects. 

EMISSION FACTORS
Building upon the BwN Design 

Guidelines  

(see De Vriend and Van 

Koningsveld 2012),  

a distinction can be made 

between five important emission 

factors in order to significantly 

contribute to reducing the CO
2
 

footprint of wet maritime 

engineering projects (see Figure 

1): 

1. the equipment deployed, 

2. execution, 

3. the project, 

4. the sandpit, and

5.  the ecosystem in which the 

project is located.

Designers can only influence factors 2, 3 and 

4 (the ‘CO
2
 buttons’). Factor 1 

should be considered an 

autonomous trend in the 

dredging sector and factor 5 

represents the natural system 

with which the project interacts.

Equipment
This refers to the dredging 

sector’s efforts to develop more 

energy-efficient vessels and to use 

cleaner fuels in order to reduce 

CO
2
 emissions. This efficiency-oriented effort 

is largely cost-driven, since a substantial part 

of the costs associated with dredging projects 

relates to fuel use. 

1. Equipment 

4. Sandpit 3. Project 2. Execution 

5. Ecosystem Figure 1. Wet Maritime 

Engineering Project 

Emission Factors.
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marshes, mangroves and seagrasses, remove 

carbon from the atmosphere and ocean and 

store it in plants and/or deposit it in the 

sediment below them by natural processes. 

These coastal ecosystems are very efficient at 

sequestering and storing carbon and thus Blue 

Carbon Systems account for a significant 

portion of the CO
2
 sequestration by the 

world’s oceans. Maintaining, restoring and 

developing such systems affects CO
2
 

sequestration during projects. 

EMISSION FACTORS
Building upon the BwN Design Guidelines  

(see De Vriend and Van Koningsveld 2012),  

a distinction can be made between five 

important emission factors in order to 

significantly contribute to reducing the CO
2
 

footprint of wet maritime engineering projects 

(see Figure 1): 

1. the equipment deployed, 

2. execution, 

3. the project, 

4. the sandpit, and

5.  the ecosystem in which the project is located.

Designers can only influence factors 2, 3 and 

4 (the ‘CO
2
 buttons’). Factor 1 should be 

considered an autonomous trend in the 

dredging sector and factor 5 represents the 

natural system with which the project 

interacts.

Equipment
This refers to the dredging sector’s efforts to 

develop more energy-efficient vessels and to 

use cleaner fuels in order to reduce CO
2
 

emissions. This efficiency-oriented effort is 

largely cost-driven, since a substantial part of 

the costs associated with dredging projects 

relates to fuel use. 

The average economic lifetime of a dredging 

vessel is 25-30 years. Therefore, dredging 

vessels are not replaced frequently. So 

although older vessels are often upgraded and 

updated in certain ways, emissions reductions 

are lagging behind. In recent years the trend 

away from heavy fuel oil towards gas oil has  

been a response to the pressure exerted  

by inter national laws and regulations on  

the industry to switch to cleaner fuels. 

For example, the first experiments with 

biodiesel are currently underway. All in all, 

expectations are that developments in the 

fields of equipment and fuels could result in 

emission reductions of 10-15% over the next 

few decades. 

Execution
This ‘button’ refers to the efficient (or more 

efficient) deployment of equipment and thus 

reduced fuel use. Dredging companies are 

already making this change ‘organically’ 

because it directly affects costs. For example, 

optimisation in execution is being sought, 

primarily in collaboration with customers, 

through such measures as reusing materials 

and reducing transport distances - solutions, 

which relatively speaking, involve direct 

placement rather than pressurised sand 

delivery and make it possible to use larger 

vessels and use them much more efficiently. 

It must be kept in mind, however, that the 

use of dredging equipment – and the related 

emissions – are largely determined by the local 

physical conditions, such as the hardness of 

bed sediment, and the availability of 

Pressing the Co2 Buttons: Towards Ecosystem-Based Co2 Footprinting for Maritime Engineering Projects  17



18  Terra et Aqua | Number 136 | September 2014

Figure 2. Twenty million cubic metres of sand were 

placed on the Dutch coastline to strengthen the 

Hondsbossche and Pettemer Sea Defences in north-

western Holland. The sailing distance to and from the 

extraction site must also be considered in evaluating the 

C0
2
 footprint.

equipment which partly depends on which 

projects are on offer around the world.

The recent initiative known as “slow 

steaming” is aimed at making the mobilisation 

and demobilisation of vessels more energy 

efficient by sailing between projects at lower 

speeds. There are also programmes underway 

for the smarter deployment of dry excavation 

equipment (dumpers, bulldozers, shovels and 

excavators). 

Furthermore, the degree to which degradable 

organic substances and nutrients are released 

during execution, such as when a hopper is 

being loaded, can impact a project’s CO
2
 

footprint. Whether silt and the nutrients it 

contains are released into the environment or 

whether the fine-grained materials flow back 

into the sandpit is entirely dependent on the 

dredging method.

The Project
A project can be developed so that it requires 

less sand, perhaps by seeking a thorough 

balance between the construction and 

maintenance phases, between hard and soft 

elements, and the reuse of materials within  

a project. Using Blue Carbon Systems for 

sequestering CO
2
 is another possibility for 

actively sequestering more CO
2
. In this 

respect, consideration may be given to using 

natural systems, such as salt marshes, 

mangroves, as well as cultivating dunes and 

willow thickets.

The Sandpit
At the outset, this button relates to the 

selection of the extraction area and the sailing 

distance between the extraction area and the 

project site – an emission factor that cannot 

be ignored. A sandpit, however, also creates  

a potential storage site for silt and organic 

substances, and thus for CO
2
 as well. 

Location, orientation, form and method of 

extraction from the sandpit impact the 

quantity of silt that is captured, both during 

and after extraction (Figure 2). 

The effects a sandpit has on the CO
2
 is still 

largely unmapped territory and it is a factor 

that merits attention in BwN’s ecosystem-

based CO
2
 footprinting programme. Organic 

substances take various forms, from fully inert 

to dead algae that can still be actively 

degraded. Most of the organic substances 

that are released from deeper sediment layers 

during dredging are no longer degradable.

Ecosystem
This button refers to the interaction between 

a project, execution, sandpit and the 

ecosystem where the project is located. 

Nutrients released by activities such as 

dredging stimulate the growth of algae that 

absorb atmospheric CO
2
. These algae are 

ultimately deposited with the silt in the salt 

marshes where the CO
2
 is then sequestered. 

A land reclamation project can create a lee 

zone behind which a mangrove forest can 

develop and, in turn, where CO
2
 can be 

sequestered. A substitution situation could 

also arise however: silt that is deposited in a 

sandpit will no longer be available for the 

later development of a salt marsh.

THE DUTCH SUSTAINABLE 
INFRASTRUCTURE PROJECTS 
PROGRAMME
In the context of the Dutch Sustainable 

Infrastructure Projects programme  

(http://duurzaamgww.nl/index.php/actueel/

greendeal/?lang=en), customers and market 

parties, including contractors, have begun 

using several tools intended to result in 

reduced emissions. The CO
2
 performance 

ladder and DuboCalc are examples of such 

tools. 

The CO2 Performance Ladder
The CO

2
 performance ladder focusses on 

more energy-efficient business operations, 

with the higher rungs on the ladder – 

corresponding to higher energy efficiency 

goals – resulting in a higher award advantage 

(notional discount) on tender prices. At the 

same time, however, the higher the rung, the 

more efforts a business must make to reduce 

CO
2
 emissions.

DuboCalc
DuboCalc, which focusses on materials and 

energy use in projects, supplements the 

business operations-oriented “CO
2
 

performance ladder”. The CO
2
 performance 

ladder is an instrument to stimulate 

companies participating in procurement to be 

aware of their CO
2
 emissions in their own 

business operations and in the performance of 

projects. This involves in particular saving 

energy, using materials efficiently and using 

renewable energy. The principle behind the 

ladder is that efforts are rewarded: a higher 

score on the ladder means a concrete 

advantage in the tendering process, in the 

form of a notional discount on the tender 

price. DuboCalc is a tool that can be used to 

calculate the environmental costs of materials 

over their entire life cycle and the cost of 

fuels. The outcome of such a calculation with 

DuboCalc may lead to the above-mentioned 

notional discount on tender prices. 

DuboCalc is not yet an effective tool for 

“wet” maritime engineering projects because 

it lacks sector-specific components, such as 

the ability to calculate the effects of design 

and operation of the sandpit on the CO2
 

footprint and the interaction between the 

ecosystem and the Blue Carbon Systems 

deployed there. The purpose of the BwN 

programme on ecosystem-based CO
2
 

footprinting is to meet the need for such a 

tool.

BwN DESIGN TOOL
Execution, the project and the sandpit are the 

‘CO
2
 buttons’ that maritime engineering 

project designers can “press”. In this respect, 



-  the reinforcement of the Hondsbossche and 

Pettemer Sea Defence (located in the north-

western part of the Netherlands) (Figure 2), 

-  the Sand Engine (an innovative method for 

coastal protection, located at the west coast 

of the Netherlands) (Figure 3), 

-  the Houtribdijk EcoShape pilot project; 

Houtribdijk is actually a dam located in the 

centre of the Netherlands, and

-  an exploratory survey into the recovery of 

mangrove forests in Indonesia (Figure 4).  
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they would have with conventional design and 

construction methods. 

The envisaged design tool is based on an 

accessible spreadsheet application that will 

offer engineers a simple method for 

calculating CO
2
 footprints based on key 

figures. The tool will consist of the following 

components:

-  A design sheet that makes connections 

between emission factors and design 

variables, such as the translation of a design 

into sand volumes, dredging techniques 

and sailing distances, and the dimensions 

and sediment properties of a sandpit and 

the use (and reuse) of materials.

-  A database of key emission figures for the 

use of materials, types of organic 

substances, Blue Carbon Systems, and so 

on.

-  A computation sheet for calculating CO
2
/

GHG (greenhouse gas) footprints and 

performing sensitivity analyses that take any 

substitution effects into account.

-  A dashboard that displays key results, such 

as the total lifecycle footprint, and 

compares project alternatives based on both 

emissions and costs.

Creating such a design tool has required a 

thorough survey of the professional literature 

to identify any gaps in knowledge (regarding 

such issues as the effect sandpits have on 

project footprints) and the possibilities for the 

targeted deployment of Blue Carbon Systems 

for CO
2
 sequestration. 

The results of the literature survey will be used 

to establish an analysis framework for 

measurements in four marine engineering 

projects: 

it is important to realise that one of these 

buttons cannot be pressed without affecting 

the others. For example, execution is 

dependent on the amount of soil a project 

requires, but also on the equipment the 

contractor deploys. The combination of 

equipment deployment, project and sandpit 

impacts the environment, and vice versa.

Steps are currently being taken within BwN  

to develop a design tool that focusses on  

these buttons. To that end, a partnership  

has been formed between two dredging 

companies (Boskalis and Van Oord), NGOs  

(The North Sea Foundation and the Wetlands 

International Foundation), engineering and 

consulting firms (Arcadis, Royal HaskoningDHV 

and Witteveen+Bos) and Deltares, a Dutch 

institute for applied research in the field of 

water, subsurface and infrastructure. The goal 

is to be able to develop and construct maritime 

engineering projects that leave a much smaller 

CO
2
 footprint over their entire lifecycle than 

Figure 3. Left, the so-called Sand Motor being built 

along the coast of the Netherlands and right, an aerial 

view of the completed Sand Motor project.

CONCLUSIONS

The results of the measurements in the 

four marine engineering projects being 

studied will enable the BwN team to add 

missing data to the first demo version of 

the new design tool. A more developed 

design tool can then be applied to other 

similar projects or further developed for 

other types of projects and situations. 

Ultimately, the aim is to achieve a 20% 

smaller CO
2
 footprint over the lifecycle 

of maritime engineering projects 

constructed after 2020.

Figure 4. An exploratory survey into the recovery of 

mangrove forests in Indonesia. 
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REDUCING SHOALING IN THE TEXAS 
GIWW AND EROSION OF BARRIER
ISLANDS ALONG WEST GALVESTON BAY

K. TOWNSEND, C. MAGLIO, R. THOMAS, D. THORNTON, J. MILLER, T. CAMPBELL, L. LIN, S. WILLEY AND E. WOOD

ABSTRACT

This project utilised a Regional Sediment 

Management (RSM) approach in an attempt 

to quantify the source of sediments, develop  

a conceptual design and associated cost 

estimation for remediation techniques to 

allow for the continued maintenance dredging 

of this portion of the Texas Gulf Intracoastal 

Waterway (GIWW). The erosion of the thin 

string of upland placement areas sheltering 

the GIWW from Galveston Bay is contributing 

to the shoaling rate; however the presence of 

these islands is reducing the amount of 

sediment load the channel would otherwise 

be experiencing. 

The analyses conducted for this effort 

included: shoaling estimates using historical 

dredging records; aerial photography for 

shoreline erosion rate calculations; the ERDC 

Sediment Budget Analysis System (SBAS) was 

applied to compile existing sediment erosion 

and shoaling estimates; numerical modelling 

using the US Army Engineer Research and 

Development Center’s (ERDC) Coastal 

Modelling System (CMS) was used to verify 

the observed trends; and various design 

alternatives were analysed for their potential 

for reducing channel shoaling and shoreline 

erosion.

This article is based on a paper that was 

published in the proceedings of the 33rd 

PIANC World Congress, held in San Francisco, 

California in June 2014. It was presented by 

Corragio Maglio at the Congress, where it 

was awarded the IADC Young Authors 

Award. This year’s Award more than fulfilled 

its goal to recognise younger people working 

in the fields of dredging and maritime 

research. Of the nine authors, eight met the 

requirement for the award of being under  

the age of 35. The young author’s award is 

presented by the International Association of 

Dredging Companies at selected conferences 

and comprises a gift of € 1000, a certificate 

of recognition and potential publication in 

Terra et Aqua Journal. The article is reprinted 

here in a slightly adapted form with 

permission of PIANC.

INTRODUCTION

The Texas Gulf Intracoastal Waterway (GIWW) 

is primarily a land cut navigation channel 

constructed by the Federal government 

starting in 1873 after the passing of the Rivers 

and Harbors Act. One of the primary functions 

of the GIWW was to provide protected inland 

transportation of goods and troops during 

World War II. Since then, the waterway has 

expanded to accommodate commercial and 

recreational vessels. 

In 2010, more than 72.7 million tonnes of 

cargo transitted along the Texas portion of 

the GIWW with an estimated value of $40.7 

billion. When measured against all the ports 

in the United States, the Texas portion of the 

GIWW ranks seventh in the US with respect to 

total tonnage. The GIWW provides an intra- 

and inter-state link between the Gulf deep-

draft ports, refineries and chemical processing 

facilities and will continue to play an 

important role after the expansion of the 

Panama Canal.

Maintaining the Texas GIWW is becoming 

increasingly difficult as traditional dredge 

placement options are becoming reduced or 

eliminated. The traditional method of 

maintaining the channel was to hydraulically 

dredge and pump the material onto the land 

on either side of the channel, since this was 

both convenient and economical. These 

placement areas had been improved with 

frontage levees to ensure the dredged 

Above: An infrared satellite photo of the area of concern, 

with the Texas Gulf Intercoastal Waterway centerline 

shown as a red dotted line. 



material did not return back into the channel. 

Since the shorelines are erosional, these 

frontage levees are continually in recession, 

and, if allowed to further erode, they will 

eventually become unavailable for storage of 

future dredged material.

This study developed a regional sediment 

budget and assessment of coastal sediment 

needs along the GIWW from just north of 

Greens Lake to Chocolate Bay, and 

investigated several design alternatives to 

reduce dredging requirements and prevent 

erosion of the barrier islands. The area of 

study encompasses Station (Sta.) 40+000 to 

Station 120+000 (old stationing), with the 

primary focus on the region of Placement 

Areas 62 through 65 (Figure 1). 

Placement Areas (PAs) 62 and 63, which serve 

as barrier islands along the GIWW, are 

experiencing the most significant erosion in 

this area at 8,000 cy/yr (cubic yards per year) 

(1 cy = 0.76455 m³) per 5,000 lft (linear feet) 

(one lft = 0.30480 metres). 

Sediment is being lost on both the channel 

and bay sides as a result of a combination of 

currents, wind-generated waves and ship 

wakes. PAs 62 and 63 are semi-confined, and 

as they erode and the frontage levees are 

breached, sand and silt pass through and are 

deposited in the channel. If the placement 

areas are allowed to further erode, they will 

no longer be considered uplands and will 

become unavailable for the storage of future 

dredged material. To combat this problem, 

the Galveston District has identified several 

sediment management options to prevent 

erosion of these placement areas, stabilise the 

inlets and reduce shoaling.
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Figure 1. Overview of the area of concern, PAs 62-65, along the Texas Gulf Intracoastal Waterway (GIWW).

Table I. Annual shoaling rates in the Texas GIWW, Stations 50+000 to 100+000.

Begin Station End Station 25 Year Average 
(CY/YR)

50 Year Average 
(CY/YR) Adjacent PA

50+000 55+000 21,200 25,700 PA 62

55+000 60+000 13,900 15,900 PA 62

60+000 65+000 19,500 18,600 PA 62

65+000 70+000 13,100 14,900 PA 63

70+000 75+000 14,100 15,200 PA 63

75+000 80+000 13,700 15,400 PA 63

80+000 85+000 15,500 16,300 PA 63

85+000 90+000 18,800 20,900 PA 64

90+000 95+000 15,600 22,500 PA 65

95+000 100+000 11,900 20,800 PA 65

Table II. Average annual erosion rates along the Texas GIWW.  

Sta. Start Sta. End
Total Mainland 

Erosion,  
1995-2012 (SY)

Total Channelside 
Island Erosion,  
1995-2012 (SY)

Avg. Annual 
Mainland Erosion 

(SY/YR)

Avg. Annual 
Channelside Island 

Erosion (SY/YR)

Total Avg. Annual 
Erosion along the 

GIWW (CY/YR)

54+000 65+000 98500 38700 5500 2200 22900

65+000 75+000 42700 25500 2400 1400 11400

75+000 85+000 57100 31400 3200 1700 14700

85+000 90+000 14800 N/A 800 N/A 2500

90+000 95+000 21600 N/A 1200 N/A 3600

95+000 98+000 12000 N/A 700 N/A 2000
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HISTORICAL DREDGING DATA
Existing data were utilised to improve 

understanding of regional sediment transport 

in the area. Information from previous field 

surveys and investigations and dredged 

material placement activities was gathered in 

combination with discussions with USACE 

Galveston District operations managers and 

engineers.

In order to estimate annual shoaling rates in 

the GIWW, historical dredging quantities from 

1943 to 2012 were obtained from the 

Galveston District’s Dredging Histories 

Database. An annual shoaling rate was 

calculated for each 5+000 increment of 

shoreline from Sta. 50+000 to 100+000, 

which correspond to PAs 62-65, based on the 

amount of time that had passed since that 

increment was last dredged. All of these rates 

were then used to calculate 50-year and 

25-year averages. The 25-year averages are 

used in the sediment budget analysis, since 

much of the older dredging data is incomplete 

and recent numbers are more relevant. It was 

found that shoaling near the north end of the 

area of interest (Sta. 50+000 to 55+000) was 

the greatest, at approximately 21,200 cy per 

year. From Sta. 55+000 to 100+000, the 

average shoaling rate ranged from 11,900  

to 19,500 cy per year, with the mean being 

approximately 15,100 cy/yr per 5,000 lft  

(see Table I).
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SHORELINE CHANGE DATA
To determine the primary cause(s) of shoaling 

in the channel, erosion rates along the 

shoreline were obtained. Google Earth 

historical imagery was used to compare 

shoreline positions from 1995, 2004, 2006, 

2010 and 2012. Shoreline positions from each 

year were traced and then overlaid to 

calculate the area in square yards (sy) of 

shoreline lost or gained during that time 

period.

Stations were grouped together according to 

what placement area they are adjacent to and 

an average annual erosion rate in sy/yr (square 

yards per year) for each stretch was 

calculated. An average depth of 9 ft was 

assumed and an equilibrium profile approach 

was taken to estimate the annual volume of 

sediment lost. This is an appropriate approach 

because the material in this area is dominated 

by cohesive sediments; these sediments 

maintain a relatively constant profile through 

time, even with erosion, as long as the forces 

remain unchanged. Because the erosion of 

cohesive materials is irreversible, once the  

cohesive bonds are broken, the eroded 

material can easily be carried long distances in 

suspension and can become re-suspended 

relatively easily (USACE 2002).

Results revealed that shoreline erosion rates 

along the portion of the GIWW that has 

Figure 2. Channel shoaling rate vs. shoreline erosion rate from PA 62 to PA 65
 

0	  

5000	  

10000	  

15000	  

20000	  

25000	  

50	   55	   60	   65	   70	   75	   80	   85	   90	   95	   100	  

A
nn

ua
l	  R

at
e	  
(C
Y/
YR

/5
,0
00

	  L
F)
	  

Sta5on	  (Feet	  +	  000)	  

Shoreline	  Erosion	  Rate	  

Channel	  Shoaling	  Rate	  



TRICIA CAMPBELL

has a BSc in Civil Engineering from Purdue 

University and a MSc in Civil Engineering 

from the University of Missouri-Rolla. She 

is presently an Operations Project Manager 

in the USACE Galveston District Navigation 

Branch overseeing the Operations and 

Maintenance of the Houston Ship Channel 

and Galveston Harbor and Channel Federal 

navigation projects.  

LIHWA LIN

is a Research Civil Engineer in the Coastal 

and Hydraulics Laboratory at the US Army 

Engineer Research and Development 

Center, Vicksburg, Mississippi. He has a 

Masters in Ocean Engineering from Oregon 

State University and a PhD in Civil 

Engineering from the University of Florida. 

Dr. Lin is also adjunct professor at Civil and 

Environmental Engineering Department, 

Jackson State University, Mississippi.  

SHERIDAN WILLEY

is a civil works water resources planner/

civil engineer in the USACE, Southwestern 

Division Regional Planning Center’s Plan 

Formulation Section in the Galveston 

District and is Regional Technical Specialist 

(RTS) for Water Resources for the District. 

She has a BSc in Civil Engineering from 

Texas A&M University and is a registered 

Professional Engineer for Civil Engineering.

ERIC WOOD

received a BSc in Civil Engineering from 

The University at Austin, Texas and is 

currently pursuing a Masters’ degree.  

He is a licensed Professional Engineer, 

Certified Floodplain Manager and Certified 

Coastal Engineer. He joined the US Army 

Corps of Engineers, Galveston District in 

2009 after working as an engineering 

consultant for eight years. 

Reducing Shoaling in the Texas GIWW and Erosion of Barrier Islands Along West Galveston Bay  23

barrier islands (Sta. 54+000 to 85+000) are 

fairly close to the estimated annual shoaling 

rates in that area, using an equilibrium profile 

approach and without bulking being 

considered (see Table II). This suggests that a 

majority of the shoaling in that portion of the 

channel is a result of erosion of the adjacent 

shorelines. However, from Sta. 85+000 to 

98+000, where there are no barrier islands 

and the channel is open to West Galveston 

Bay, the erosion rate is significantly smaller 

compared to the shoaling rate (see Figure 2). 

This portion of the shoreline has been 

armoured with articulating concrete block 

since 2000, which explains the much smaller 

erosion rates. This implies that most of the 

sediment shoaling within this portion of the 

channel is coming from other sources, 

particularly West Galveston Bay and nearby 

Chocolate Bay, likely via a combination of 

currents and wind-driven waves, and other 

sources.

Erosion rates inside the GIWW were then 

compared to shoreline change rates on the 

bay side of the barrier islands. The conclusion 

was that the mainland and bay side of the 

barrier islands are eroding the fastest, with 

several large stretches losing 4-8 ft/yr between 

1995 and 2012. Erosion along the channel 

side of the barrier islands is more modest, 

with most areas eroding at roughly 1-3 ft/yr 

(see Figure 3).

NUMERICAL MODELLING
ERDC’s Coastal Modelling System (CMS) was 

selected to quantify and simulate physical 

processes near inlets, ports, harbours and 

coastal structures. The CMS uses an 

integrated numerical modelling system to 

model waves, currents, sediment transport 

and morphology change at coastal inlets and 

entrances (Demirbilek and Rosati 2011).

For this study, the CMS was used to calculate 

sediment transport and show areas of erosion 

and accretion in Galveston Bay. The model 

domain covers the entire Galveston Bay with 

navigation channels connecting the GIWW to 

the Gulf of Mexico. The CMS grid extends 

approximately 60 miles (95 km) alongshore 

and 40 miles (65 km) cross-shore, with the 

southern offshore boundary reaching to the 

60-ft isobaths. The CMS was calibrated with 

Figure 3. Erosion and accretion along West Galveston Bay and the GIWW.
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the 11-day run cycle. Sediment deposition is 

evidenced further north at PAs 55-60, likely 

some of the coarser sediment brought in 

through the Galveston Entrance Channel 

(Figure 4). It is assumed that there is minimal 

long-shore transport and wind-generated 

waves where the barrier island features are 

still present. Therefore, the majority of erosion 

is likely coming from some other source, 

presumably ship-induced waves and tidal 

flow.

Simulations show strong tidal flow in the 

GIWW from the Gulf of Mexico via the 

Galveston Entrance Channel and San Luis 

Pass. This is a potential source of shoreline 

erosion and sediment deposition in the 

channel.

SEDIMENT BUDGET ANALYSIS
The Sediment Budget Analysis System (SBAS) 

was applied to compile existing sediment 

erosion and shoaling information along the 

GIWW from the Galveston Causeway to 

Bastrop Bayou into a single budget, to gain 

greater knowledge of the relationship 

between sinks and sources of sediment within 

the project area (Figure 5) (Dopsovic 2003). 

No bulking factor was applied to relate the 

shoreline-eroded material to the volume 

deposited in the channel. The difference 

resulting from consolidation could be 

significant, but no applicable information was 

available. Thus, bulking was assumed not to 

be a factor for this analysis. 

Several assumptions were made in order to 

create this budget:

-  Sediment is moving from channel reach to 

channel reach from currents within the 

GIWW and from vessel traffic.

-  Some recirculation from bayside placement 

areas back into the GIWW occurs.

-  Reaches were created based on the PA 

allotment of dredged material, which was 

taken from the most recent dredging 

contract (2010). An extensive background 

check of historical material placement was 

not performed.

-  Averages of dredging data over the last 25 

years were used, since they depict current 

conditions more accurately.

-  Shoreline erosion rates were calculated 

using a 9-ft depth, based on historical 

cross-sections of the channel and no 

water level, current and wave data collected 

around the Bay entrance inlet over a period of 

11 days, 19-30 June 2010.

Sediment in Galveston Bay is mixed, with 

increased percentages of sand near the Bay 

entrance and inlets, along the coast and 

surrounding the barrier islands. More silt and 

clay are found in the landward side of the 

bay, and in the GIWW and ship channels.

The simulations verified that PAs 62 and 63 

are seeing significant erosion; 1.3-2.6 ft (0.4 

to 0.8 metres) of shoreline were lost during 

Figure 4. Shoreline change along the West Bay during an 11 day period, 19-30 June 2010.

Figure 5. Sediment budget cells from Galveston Causeway to Bastrop Bayou.
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bulking factor was applied.

-  Thirty-percent uncertainty was used in the 

budget, which is the standard amount for 

this type of analysis.

The final product from this task is a sediment 

budget with cells and lines derived from the 

regional sediment budget analysis. The 

sediment budget cells are coloured to 

represent erosion or accretion within the cell. 

Arrows indicate direction of net transport at 

cell boundaries. The along-shore length of 

each cell marks the approximate limits of cell 

boundaries. The arrows show flux in units of 

cy/year. Placement or removal of sediment is 

included within the cells where needed, 

typically to account for beach nourishment or 

dredging (Figure 6). 

The sediment budget indicates that sediment 

is transported down the channel from reach 

to reach owing to vessel traffic and tidal 

currents, which adds to shoaling in the 

channel. The area experiencing the worst 

shoaling is around PA 62 (Sta. 50+000 to 

65+000), where shoaling quantities cannot be 

accounted for simply with near-shore erosion. 

The assumption is made, therefore, that some 

sediment originates from West Galveston Bay 

and Greens Lake in this reach and possibly 

Jones Bay further east, as well.

The following general conclusions are 

accepted based on the sediment budget 

analysis of historical data:

1.  From Sta. 50+000 to 65+000, 

approximately 60% of sediment dredged 

originates from erosion of adjacent GIWW 

shorelines. The remaining 40% of sediment 

is assumed to originate from the bay, 

Greens Lake, or other unknown sources, or 

is from reach-to-reach transport. 

a)  An exception is that shoaling is locally 

higher at Carancahua Cut and Greens 

Cut, where more sediment likely 

originates from the bay.

2.  From Sta. 65+000 to 85+000, 40-50% of 

sediment dredged originates from erosion 

of adjacent shorelines. The remainder is a 

result of reach-to-reach transport and the 

inflow from the bay through Carancahua 

Cut.

3.  From Sta. 85+000 to 100+000, 75-85% of 

dredged sediment is from near-shore 

erosion in West Galveston Bay, erosion of 

previously submerged barrier islands and 

from Chocolate Bay. The remaining 

15-25% is from shoreline erosion or other 

unknown sources. 

4.  From Sta. 100+000 to 120+000, 90% of 

the dredged sediment is coming from near-

shore erosion in West Galveston Bay and 

from a combination of wave action and 

currents from Chocolate Bay. The remaining 

10% is presumably from shoreline erosion 

or other unknown sources.

5.  Substantially higher shoaling rates from  

Sta. 50+000 to 55+000, 60+000 to 65+000 

and 85+000 to 90+000, where the barrier 

islands have already eroded, suggest that 

the barrier islands may reduce shoaling 

rates by as much as 5,000 cy/year per  

5,000 lft section (= 1 cubic yard/year/linear 

foot).

6.  Comparison of shoreline erosion and 

dredging requirements suggests that halting 

shoreline erosion within the GIWW may 

reduce shoaling by up to 8,000 cy/year per 

5,000 lft section (1.6 cy/year/lft).

INITIAL ALTERNATIVES
The primary metric for selecting one or more 

of these alternatives is quantifiable shoaling 

reduction. The alternative(s) must stabilise the 

inlets and reduce near-shore erosion.  

The alternative(s) must also be economically 

feasible and have the potential to be 

approved by resource agencies. Beneficial  

use is a preference. Below are the alternatives 

that were posed for consideration.

On the bay side of the barrier islands, the 

following initial alternatives were posed for 

consideration:

•  Breakwaters 

- Articulated concrete block (ACB) 

- Rip rap 

Upland Erosion 2
Reach 3

Upland Erosion 1

Reach 2

PA 62

6600

16500

36700

7000

8000

15000

Reach 1

PA 63 East

16000

Figure 6. Arrows indicating 

direction and quantity (cy/yr) 

of net sediment transport from 

Sta. 50+000 to 65+000.
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A detailed design was done for each of these 

alternatives and a cost comparison per linear 

foot (lft) was performed. Based on the cost 

comparison, a rip rap revetment was selected 

as the lowest cost alternative for structures 

adjacent to channels, costing $501 per lft 

(Figure 7). Pre-fabricated concrete unit 

breakwaters, although cheaper at $402 per 

lft, were not selected for these locations 

because of the potential for impacts with 

barges, which would compromise their 

integrity and require routine maintenance.

The lowest cost alternative for bay side 

structures is the Oyster Castle®, at $352  

per lft (Figure 8). This is also the most 

constructible alternative for these areas,  

as this material can be delivered to the 

construction location on small shallow draft 

- Reef Balls™ 

- Floating breakwaters 

- Oyster Castle®

•  Sacrificial Berm – Offshore, continuous 

placement, beyond environmentally 

sensitive areas

•  Unconfined water placement (historical 

disposal)

• Sacrificial islands

• Geotubes (if suitable material is present)

•  Revetment - ACB with geotextile underlay 

through which grass can grow, rip rap, Reef 

Ball™ and so on.

• Vegetation

• Do nothing

For the mainland and channel side of the 

barrier islands, the following initial alternatives 

were developed:

•  Breakwaters 

- ACB 

- Rip rap 

-  Reef Balls™ (Not recommended for the 

channel side of the islands)

 - Floating Breakwaters 

 - Oyster Castle®

• Revetment

• Vegetation

• Do nothing

COST ESTIMATE AND FINAL 
SELECTION OF ALTERNATIVES
The above initial list of alternatives was later 

narrowed down to those deemed the most 

pragmatic for this project area: ACB, rip rap, 

Reef Ball™, and Oyster Castle® breakwaters; 

rip rap and Reef Ball™ revetments; and 

sacrificial berms. 

Figure 8. Typical cross-section for Oyster Castle® breakwater. 

Figure 9. Typical cross-section for sacrificial berm.

Figure 7. Typical cross-section for rip rap revetment.
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Figure 10. Proposed design layout north of Greens Lake. Figure 11. Proposed design layout at PA 62.

Figure 12. Proposed design layout along PA 63 North. Figure 13. Proposed design layout along PA 63 South.

Figure 14. Proposed design layout at PAs 64 and 65. Figure 15. Proposed design layout south of PA 65 to Chocolate Bay. 

LEGEND FOR FIGURES 10 THROUGH 15
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64, with the regions to the north and south of 

these placement areas designated as Phase 2. 

Within each phase, each structure was 

labelled with a certain priority, based on the 

severity of erosion and of channel shoaling 

along that particular stretch of shoreline.  

The team chose to categorise the proposed 

designs in this way to make it very clear what 

the most critical spots are, in case resources 

are limited and only certain reaches can be 

addressed.

North of Greens Lake near PAs 60 and 61,  

a revetment is proposed along both sides of 

the GIWW. Along the bay side of these barrier 

islands, a sacrificial berm wraps all the way 

around to the channel side to provide 

continued storage of dredged material.  

A bayside offshore structure, of either Oyster 

Castles® or rip rap revetment, serves as a 

means of erosion protection and a physical 

barrier for the beneficial placement of 

dredged material bayside of existing identified 

resource areas (Figure 10).

Along PA 62, channel shoaling and shoreline 

erosion are major issues, particularly toward 

the north end. To counter shoaling in the 

GIWW, both sides of the channel along PA 62 

should be protected by revetments.  

A sacrificial berm is placed on the bayside of 

PA 62 to help expand the placement areas 

and prevent them from losing material to the 

Gulf. In addition, a hard structure is placed 

offshore beyond the sea grasses along the 

north end of the bay side of PA 62 to help 

protect the barrier island from further erosion. 

Erosion is not as severe further south along 

PA 62, so the sacrificial berm in this area is 

designated “Beneficial” and the offshore hard 

structure does not continue (Figure 11). 

The northern half of PA 63 is also seeing 

significant erosion and the GIWW shoals 

steadily in this area, as well. To combat these 

issues, a revetment is proposed on both sides 

of the channel (Priorities 1 and 2), and a 

proposed sacrificial berm runs along the bay 

side (Priority 1) (Figure 12).

The revetment continues on both sides of the 

GIWW along the southern half of PA 63, as 

does the sacrificial berm on the bay side. In 

addition, a hard structure is placed offshore 

beyond the seagrasses as a “beneficial” 

boats and can be hand-assembled, requiring 

no heavy equipment. 

However, because the Galveston District has 

no previous experience implementing Oyster 

Castles®, implementing mostly rip rap 

revetment during Phase 1, initially placing 

Oyster Castles® only where erosion is mild, 

may prove wiser so that the District can 

observe how well they work.

In addition to these hard structures, sacrificial 

berms were chosen for the bay side of the 

barrier islands, to serve as training dikes and 
allow for the continued placement of dredged 

material (Figure 9). The sacrificial berms also 

function as renourishment material to maintain 

the island features. The berms are budget 

friendly, as well, costing under $52 per lft.

The typical cross-sections of all alternatives 

used in the cost comparison, as well as the 

cost estimate for the proposed layout, are 

available as technical references.

PROPOSED DESIGN LAYOUT
The final layout of protection was divided into 

two phases to make sure that structures in 

the most critical areas will be implemented 

first. Phase 1 encompasses PAs 62 through 

Figure 16. Channel breakdown by section in the Coastal Modelling System (CMS). 

Table III. Model volume change (cubic yards), Jan-Dec 2010.
Channel Sections Existing Channel Priority 1 Structures All Priorities

1   156,140   155,440   148,920

2     89,530     74,030    35,680

3   125,630     48,840    41,150

4          550       2,750      3,130

5       3,360       2,770      8,880

6     21,530   21,640    25,990

Total (Sec1-6)   396,750 305,470  263,750
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structure to prevent further erosion (Figure 13).

The proposed revetment along the mainland 

stops at PA 64 because PAs 64 and 65 are 

currently armoured with ACB. The hard 

structure around PA 63 extends southwest all 

the way towards the west end of PA 64. 

Another hard structure is proposed offshore 

adjacent to PA 65 (Figure 14). These new 

dikes will provide capacity to store a sizable 

amount of additional dredged material.

West of PA 65, the revetment continues along 

the mainland side of the GIWW to Chocolate 

Bay. The offshore dike previously mentioned 

extends to the West Bay Mooring Beneficial 

Use Site (Figure 15).

MODELLING PROPOSED STRUCTURES 
IN CMS 
The proposed structures and sacrificial berms 

were added into the CMS, and the model was 

run to verify the impact of these designs on 

channel shoaling rates and morphology in the 

study area. The model was run for the entire 

year of 2010 with:

1. existing channel conditions, 

2.  Priority 1 structures and sacrificial berms 

implemented, and 

3.  structures and berms of Priorities 1 and 2 

implemented. 

The calculated morphology change for 2010 

in the GIWW was compared in six channel 

sections, from PAs 60 and 61 (Section 1) at 

the north end to Chocolate Bay at the south 

end (Section 6) (Figure 16).

The model shows a significant reduction in 

shoaling in the GIWW over the entire project 

area as a result of the proposed design layout. 

The reduction is particularly substantial around 

Sections 2 and 3, which roughly correspond 

to PAs 62 and 63. Shoaling in Section 2 of the 

channel is reduced by 60 percent when 

Priority 1 and 2 structures are added. In 

Section 3, shoaling is reduced by 67 percent 

when Priority 1 and 2 structures are added. 

While there are a few areas that experience 

an increase in shoaling as a result of the 

proposed designs, over the entire study area, 

shoaling is reduced by 23 percent when 

Priority 1 designs are implemented and 34 

percent when designs of Priorities 1 and 2 are 

implemented (Table III). 
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CONCLUSIONS

The Texas Gulf Intracoastal Waterway 

(GIWW) is primarily a land cut navigation 

channel constructed by the Federal 

government starting in 1873. In 2010, 

more than 72.7 million tonnes of cargo 

transitted along the Texas portion of the 

GIWW with an estimated value of $40.7 

billion. The GIWW provides an intra- and 

inter-state link between the Gulf deep-

draft ports, refineries and chemical 

processing facilities and will continue to 

play an important role after the expansion 

of the Panama Canal.

Maintaining the Texas GIWW had become

increasingly difficult as traditional dredge

placement options were reduced or 

eliminated. This study developed a regional 

sediment budget and assessment of coastal 

sediment needs along the GIWW from just 

north of Greens Lake to Chocolate Bay. 

Based on the team’s findings and with US 

Army Engineer Research and Development 

Center's (ERDC) Coastal Modelling System 

(CMS) verification, it is apparent that 

protecting the barrier islands with a 

combination of hard structures and 

sacrificial berms will reduce shoaling in  

the region and ensure the continued 

availability of placement areas. Several 

design alternatives are suggested to 

protect the barrier islands and reduce 

shoaling in the Texas Gulf Intracoastal 

Waterway (GIWW).

Based on the cost comparisons, a rip rap 

revetment was selected as the lowest cost 

alternative for structures adjacent to  

the channels, costing $501 per lft.  

Pre-fabricated concrete unit breakwaters, 

although less costly at $402 per lft, were 

not selected for these locations owing to 

potential impacts with barges, which 

would compromise their integrity and 

require routine maintenance. 

The lowest cost alternative for bay side 

structures is Oyster Castles® at $352 per 

lft. This is also the most constructible 

alternative for these areas, as this material 

can be delivered to the construction 

location on small shallow draft vessels and 

hand-assembled, requiring no heavy 

equipment. In addition to these hard 

structures, sacrificial berms were chosen 

for the bay side of the barrier islands, to 

serve as training dikes and allow for the 

continued placement of dredged material. 

The sacrificial berms also function as 

renourishment material to maintain the 

barrier island’s footprint features. The 

berms are economically friendly, as well, 

costing less than $52 per lft.

This report is intended to improve  

Regional Sediment Management (RSM) 

communication both within the Galveston 

District and between the Galveston District 

and its partnering organisations. This work 

follows the standard procedures of the  

US Army Corps, RSM programme of first 

identifying a problem, understanding the 

physical processes, and then ultimately 

working to find a solution.



wind project in 1998 until its completion in 2013. The story is told 

through clear text enriched with impressive colour photographs  

(many beautiful double-spreads), most of which were taken by Tom 

D’Haenens, with additional contributions from DEME and C-Power. 

Both in pictures and words, the intricacies and complexity of such a 

project is brought to life. And the insights into the future of wind 

energy make an important contribution to our thinking about 

renewables. The Thornton Bank project also demonstrates the ability 

of government and private industry to come together to shape an 

energy-efficient policy and a competitive European economy less 

dependent on fossil fuels. According to projections, by 2020, 13% of 

Belgium’s energy needs should be generated from renewable sources.

Jan Strubbe is Honorary Director-General of the Waterways and 

Marine Affairs Administration and responsible for ports, waterways 

and shipping in the North Sea. He is particularly interested in projects 

of integrated environmental management and renewable energy.  

This book is available from LANNOO publishers, B-8700 Tielt, Belgium.

Tel: 32 (0) 51 42 42 11, Fax: 32 (0) 51 40 11 52

• Email: info@lannoo.be
http://www.lannoo.be/reuzen-op-de-thorntonbank-giants-thorntonbank

DRAGADO POR EL DESARROLLO
(DREDGING FOR DEVELOPMENT) 
BY NICK BRAY AND MARSHA COHEN
TRANSLATION BY JORIS VREDELING 
AND ROBERTO VIDAL
Spanish translation (June 2014). Originally 
published 2010. PDF, 79 pp., IADC/IAPH,  
ISBN: 90-75254-15-6

A clear, concise introduction to the complex 

field of dredging, published in English in 2010 by the International 

Association of Dredging Companies in co-operation with the 

International Association of Ports & Harbors has now been released in 

Spanish.  The book provides a prime guide for anyone dealing with  

the planning and execution of projects with a dredging component. 

That includes the creation or extensions of harbours, landfills for 

industrial and residential areas, highways and airports. It is also 

pertinent to projects for the protection of the ever-increasing 

population in coastal areas by means of beach nourishment, dikes  

and flood-control systems. For a full review in English see Terra et 
Aqua, nr. 122, March 2011, page 28: http://www.iadc-dredging.com/

ul/cms/terraetaqua/document/2/9/2/292/ 292/1/terra-et-aqua-122-

complete.pdf

To download in Spanish free of charge: http://www.iadc-dredging.

com/ul/cms/fck-uploaded/documents/PDF%20Publications/ 

dredging-for-development-spanish.pdf

To download in English: http://www.iadc-dredging.com/ul/cms/ 

fck-uploaded/documents/PDF%20Publications/dredging-for-

development-2010.pdf

BOOKS / PERIODICALS REVIEWED

GIANTS ON THE THORNTON BANK:  
WIND ENERGY FOR THE FUTURE
BY JAN STRUBBE
€ 39.99. Full colour photos. Lannoo Publishers, 
Belgium. ISBN 978 94 014 06345

Meeting European Union guidelines for 

reducing CO
2
 and other greenhouse gas 

emissions is an enormous challenge. One 

approach to achieving this has been an effort to shift to energy from 

renewable sources. And one of the principal sources is offshore wind 

energy. Belgium has taken a leading role in pursuing this sustainable 

route and this book chronicles the first fully finished Belgian wind farm 

which was commissioned by C-Power and, with the engineering 

ingenuity of the dredging company DEME, established on the Thornton 

Bank in the North Sea, some 30 kilometres off the Belgian coast. 

In this bilingual (English-Dutch), richly illustrated edition the author, 

Jan Strubbe, describes the inception of the idea to build this offshore 
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ONLINE AND INTERACTIVE:
FACTS ABOUT CUTTER SUCTION DREDGERS

In the last few decades, cutter suction dredgers have emerged 

as one of the most important vessels in the fleet of many 

dredging companies. CSDs are available in a variety of sizes, but 

over time new ever-larger and more cost-effective CSDs have 

been designed to be used in major dredging infrastructure 

projects. Many of the larger cutters are self-propelled and can 

tackle almost all kinds of soils, often handling material that is 

too tough for a trailing suction hopper dredger. The rotating 

cutter heads of the largest CSDs are enormous, but also of 

crucial importance are the smaller demountable cutters which 

can work in tighter spaces and less accessible waters. This newly 

released Facts About explains how they work and when they 

are the best choice for a project.

Facts About is a series of concise, easy-to-read leaflets which 

give an effective overview of essential facts about specific 

dredging and maritime construction subjects. Each leaflet 

provides a kind of 'management summary' for stakeholders 

who need a quick understanding of a particular issue. These 

leaflets are part of IADC's on-going effort to support clients, 

consultants and others in understanding the fundamental 

principles of dredging and maritime construction because 

providing effective information to all involved parties is an 

essential element in achieving a successful dredging project.

TO SUBSCRIBE: To receive email notifications about new 

releases of the IADC’s Facts About, please fill out the form at 

the website www.iadc-dredging.com under Publications/ Facts 

About / 'Keep me informed'. 
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SUSTAINABLE PORTS: A GUIDE FOR PORT 
AUTHORITIES
BY ENVICOM WORKING GROUP 150
€ 60.00. Illustrated. 64 pp.

Ports are central points or hubs in the 

transport network and their industrial and 

business areas add value to the transported 

goods. Increasingly, they are also centres of 

energy production – and consumption – and ports of departure for 

the offshore industry. This report focusses on the sustainable 

development and green growth of ports and the related logistic chain 

and added value activities. It emphasises the advantages of 

implementing a Green Port philosophy and explains what this 

philosophy means for ports and port authorities worldwide and how it 

positively influences community support for port growth. By supplying 

tools and guidance, the report shows how proactive environmental 

measures and strategies can contribute to obtaining consent for 

future operations and developments, how opportunities can be 

created through own initiatives (taking the lead ahead of legislation). 

The proposal is to shift away from a reactive ‘ports or nature/

environment’ approach towards a proactive ‘ports and nature/ 

environment approach’, away from an approach based on short-term 

thinking towards an approach starting from a long-term vision. 

Key conceptual elements are: long-term vision; transparent 

stakeholder participation and stakeholder-approved strategies; a shift 

from sustainability as a legal obligation to sustainability as an 

economic driver (economic development and sustainable development 

as complementary factors); active sharing of knowledge with other 

ports and stakeholders; and continuous striving towards innovation. 

Key issues are: environmental quality (soil, water, air and noise); 

habitat and integrity of ecosystems; energy efficiency and energy 

transition (from fossil to clean fossil to renewables); materials and 

waste management; climate change mitigation and adaptation; 

stakeholder participation and corporate social responsibility; 

co-operation with private sector, public authorities, NGOs, the 

academic world and other ports.

COUNTRIES IN TRANSITION (CIT): 
COASTAL EROSION MITIGATION 
GUIDELINES
BY COCOM WORKING GROUP 123
€ 100. Illustrated. 263 pp.

Countries in Transition are defined here as 

countries having little or no experience with 

coastal management. Although developing 

countries often belong to the CiT category, a 

CiT is not the same as a developing country. In respect to shoreline 

stabilisation, ‘so-called’ developed countries can also belong to the 

CiT category if they have inadequate organisations and facilities. 

Successful mitigation of coastal erosion is not only a question of 

technical solutions, which in developed countries and in CiT are 

basically the same. In CiT however, mitigation of the erosion problems 

are usually worsened by the lack of coastal management capabilities, 

inadequate legislation and administration, the scarcity of available 

data, the lack of funding and limited construction capability. 

The Guidelines presented here were prepared as a PIANC CoCom 

(International Cooperation Committee) initiative by Working Group 

123. The Working Group primarily focussed on the various coastal 

erosion problems that CiT have previously faced and may face in the 

future. The objective of the Guidelines is to ensure that mitigation of 

coastal erosion along sandy coasts in Countries in Transition is 

efficient, cost effective and socially and environmentally acceptable.

This report describes coastal processes and identifies typical coastal 

erosion problems; it defines best practices in coastal investigations and 

proposes practical decision methodologies for shoreline stabilisation. 

The report also concludes that strengthening coastal authorities 

enables them to do proper planning and prioritisation, which can lead 

to timely fund raising and planning of sustainable erosion mitigation 

solutions.

Both these PIANC reports are available at: www.pianc.org -> 

publications

http://www.pianc.org/technicalreportsbrowseall.php

• Email: info@pianc.org
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NEW PIANC WEB-BASED DATABASE:
PROMOTE YOUR TRAINING COURSE  
FREE OF CHARGE

Countries in Transition (CiT) have a pressing need for specialist 

training on hydraulic, coastal and structural engineering aspects 

related to ports and waterways as well as environmental and 

economic and logistical issues. In addition, though many young 

professionals in port engineering have been trained as civil 

engineers, they really learn their skills by hands-on practical 

experiences. After identifying these needs, PIANC’s International 

Cooperation Committee (CoCom) subsequently established a 

database to promote existing training courses worldwide to this 

underserved professional population. 

Organisations and institutes that have training courses are 

encouraged to submit course details, to the new database.  

Go to http://www.training.pianc.org/ to register your course 

free of charge. Once your organisation has registered, you will 

be given access 24/7 to maintain and update course details.

For further information:
• Email: training@pianc.org



SEMINARS / CONFERENCES / EVENTS
GREENPORT CONGRESS
OCTOBER 14-17 2014
WORLD TRADE CENTRE, BARCELONA, SPAIN

The 2013 GreenPort Congress clearly identified that to achieve an 

environmentally responsible port sector, port users need to 

communicate more. The 9th GreenPort Congress will therefore focus 

on improving the relationship between the ports, its users, customers 

and stakeholders. 

Port authorities, terminal operators, logistics managers and providers, 

environmental managers, planners, harbour masters, energy 

managers, sustainability and Corporate Social Responsibility executives 

from ports, terminal operators, shipping lines, shippers, logistics 

companies and other industry stakeholders, will come together to 

learn, discuss, debate and network at the two-day Congress and its 

associated pre- and post-conference social events. These include an 

evening Welcome Reception on October 14, the Gala Dinner on 

October 15 and a Tour of Barcelona Port on 17 October, all of which 

are included in the delegate fee, which is € 1,530.00.

For further information contact the Events Team:
Tel: +44 1329 825 335

• Email: congress@greenport.com
http://www.greenport.com/congress/about-the-conference#sthash.

ZR6AwaAj.dpuf
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SEMINAR ON DREDGING AND RECLAMATION 
(SINGAPORE)
OCTOBER 27-31 2014 
GRAND PARK CITY HALL HOTEL, SINGAPORE

The Seminar on Dredging and Reclamation is a 5-day course 

covering a wide range of subjects. From explanations about 

dredging equipment and methods, about rainbowing sand and 

placing stone, to cost estimates and contracts. Aimed at all 

stakeholders – newcomers in the field of dredging to higher-level 

consultants, advisors at port authorities and offshore projects – the 

IADC Seminar provides a broad base of knowledge and a better 

understanding of this essential industry.

Aimed at (future) decision makers and their advisors in 

governments, port and harbour authorities, off-shore companies 

and other organisations who have to execute dredging projects, 

the IADC has organised the Seminar at numerous venues often in 

co-operation with local technical universities. Since 1993 this week-

long Seminar has been successfully presented in Delft, Singapore, 

Dubai, Buenos Aires, Abu Dhabi, Bahrain and Brazil. As is 

appropriate to a dynamic industry, the Seminar programme is 

continually updated. 

To optimise the chances of the successful completion of a project, 

contracting parties should, from the start, fully understand the 

requirements of a dredging project. This five-day course strives to 

provide an understanding through lectures by experts in the field 

and workshops, partly conducted on-site in order to give the 

“students” hands-on experience.

Highlights of the programme
•  Overview of the dredging market and the development of new 

ports and maintenance of existing ports;

•  Project phasing (identification, investigation, feasibility studies, 

design, construction, and maintenance);

•  Descriptions of types of dredging equipment and boundary 

conditions for their use; 

•  State-of-the-art dredging and reclamation techniques including 

environmental measures;

•  Site and soil investigations, designing and estimating from the 

contractor’s view;

•  Costing of projects and types of contracts such as charter, unit 

rates, lump sum and risk-sharing agreements;

• Design and measurement of dredging and reclamation works;

• Early contractor involvement.

An important feature of the Seminars is a site visit to a dredging 

project in the given geographical area. This gives the participants 

the opportunity to see dredging equipment in action and to gain  

a better feeling of the magnitude of a dredging operation.

Each participant receives a set of comprehensive proceedings and, 

at the end of the week, a Certificate of Achievement in recognition 

of the completion of the coursework. Please note that full 

attendance is required for obtaining the Certificate of Achievement. 

Costs
The fee for the week-long seminar is € 3,100.- (inclusive VAT).  

The fee includes all tuition, seminar proceedings, workshops and  

a special participants dinner, but excludes travel costs and 

accommodations. Assistance with finding hotel accommodation 

can be given.

For further information contact: 
Jurgen Dhollander, PR & Project manager, 

International Association of Dredging Companies

Tel: +31 70 352 3334

https://www.iadc-dredging.com/56/events/seminar-on-dredging-

and-reclamation-singapore/?id=111

• Email: dhollander@iadc-dredging.com
To register: http://bit.ly/WPifeo



22ND INTERNATIONAL FEDERATION OF 
HYDROGRAPHIC SOCIETIES’ CONFERENCE  
AND EXHIBITION
OCTOBER 28-30 2014
ABERDEEN, SCOTLAND

With its theme, Energy & Enterprise, the three-day conference 

organised by The Hydrographic Society UK is expected to attract  

a wide international audience drawn from all sectors of the 

hydrographic and related professions. In addition to keynote addresses 

and paper presentations, the conference agenda features an 

introductory Student Presentation Session for which there will be  

a prize of £500 for the best adjudged contribution. Other agenda  

items include a 60-plus stand exhibition in addition to workshops, 

local technical visits and an IHO-led session and stakeholder forum; 

and a reception in the celebrated Aberdeen Maritime Museum and  

a conference dinner at the historic Elphinstone Hall. 

For further information: 
• Email: hydro14@ths.org.uk
www.hydro14.org.uk

6TH INTERNATIONAL PORTS & ENVIRONMENT 
SEMINAR 2014
NOVEMBER 20, 2014
CITY CENTRE, AMSTERDAM, THE NETHERLANDS  

Focussing on key issues surrounding ports and terminals and their 

impact on the environment, the programme of this one-day seminar 

(from 8:00 AM to 6:00 PM CET) will explore the latest developments, 

technology, research and solutions including topics such as noise, dust 

and exhaust emissions, environmental dredging, port expansion and 

development, ballast waste management, cold ironing, hazardous 

cargo, congestion, legal framework, terminal capacity, social-eco 

development, environmental control, carbon footprint and more. The 

seminar is especially designed for planning and development officers, 

consulting engineers, operations managers, government and local 

authorities, officials, legislators, advisors, equipment manufacturers, 

environmental officers, ship operators and representatives of ports and 

terminals around the world.

For further information contact:
Claire Palmer, MCI Media Ltd 

Tel: +44 1628 820 046 

• Email: claire@mcimedia.com 

COURSE ON THE HYDRAULIC FILL MANUAL
NOVEMBER 20-21, 2014
PAO, DELFT, THE NETHERLANDS

This two-day course covers the initiation, design and construction of 

hydraulic fill projects as described in the recently published Hydraulic 

Fill Manual. Without proper hydraulic fill and suitable specialised 

equipment, major infrastructure projects such as ports, airports, roads, 

industrial or housing projects cannot be realised. In the past, 

comprehensive information about hydraulic fill has been difficult to 

find. The ‘Hydraulic Fill Manual’ is a thoroughly researched book, 

written by noted experts, which takes the reader step-by-step through 

the complex development of a hydraulic fill project. Each participant 

will receive a copy of the Manual at the start of the course.

The course is of particular interest to clients, consultants, planning and 

consenting authorities, environmental advisors, contractors and civil, 

geotechnical, hydraulic and coastal engineers involved in dredging and 

land reclamation projects. For following this course some background 

knowledge in geotechnical engineering is required.

Students will learn how a hydraulic fill project is initiated and how 

technical data is acquired and applied. They will be introduced to the 

construction methods applicable to a wide variety of dredging 

equipment and soil conditions and be informed of the need for and 

feasibility of ground improvement as well as how the potentials of a 

borrow pit are assessed. Furthermore students will be introduced to 

the (geotechnical) design of a hydraulic fill mass, including strength 

and stiffness, density, sensitivity to liquefaction and breaching, design 

considerations for special fill material such as silts, clays and carbonate 

sands, problematic subsoils and natural hazards. Finally students will 

learn the basics of monitoring during and after construction works, 

about quality control and how to prepare appropriate technical 

specifications for the construction of a hydraulic fill following the 

engineering philosophy adopted in the Manual.

For further information:
https://www.iadc-dredging.com/56/events/course-on-hydraulic-fill/

?id=197

To register: http://pao-tudelft.nl/Cursussen/21/3002/The_Hydraulic_

Fill_Manual.html

ENVIRONMENTAL ASPECTS OF DREDGING 
TRAINING COURSE
NOVEMBER 24-25, 2014 
PAO, DELFT, THE NETHERLANDS

By its very nature, the act of dredging and relocating dredged material 

has an environmental impact. It is therefore of the utmost importance 

to examine and evaluate environmental impacts both the short-  

and long-term effects, as well as the sustainability of the altered 

environment. This two-day training course is a joint effort of the 

International Association of Dredging Companies (IADC), and the 

Central Dredging Association (CEDA) and will cover the scope and 

importance of the environmental aspects of dredging projects, the 

management of dredged material and the typical legislative conditions 

and controls imposed by international conventions and regional 

agencies. In addition to presentations of the subjects, participants will 

be challenged in case studies to apply the principals discussed.
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The course is targeted at professionals in dredging related industries 

and from governmental bodies, such as municipalities, district water 

boards, ports and harbour authorities or central government and 

contractors. Lecturers are experts working within the field of dredging 

and maritime construction. Course material includes the book 

'Environmental Aspects of Dredging', edited by Nick Bray.

For further information: 
https://www.iadc-dredging.com/en/185/seminars,-presentations-and-

webinars/course-on-environmental-aspects-of-dredging/s  

To register: http://pao-tudelft.nl/Cursussen/0/3003/Environmental_

Aspects_of_Dredging.html

Combine the two courses, ‘Environmental Aspects of Dredging’ and 
‘The Hydraulic Fill Manual’ and receive € 200 discount. Optional extra 
excursion possible on Saturday November 22.

IAPH HAMBURG 2015
29TH WORLD PORTS CONFERENCE
JUNE 1-5, 2015
CONGRESS CENTER HAMBURG (CCH), GERMANY

The 29th IAPH World Ports Conference will take place under the 

theme of “smartPORT Hamburg”. The conference will deal with the 

world of economic and climate change including the following:

-  smartPORT logistics: technical innovations, land restructuring, 

expansion of the transport route network and modern 

communication paths combined with high data transparency 

-  smartPORT energy: innovative mobility concepts, renewable energy 

sources and the interlinking of energy-generating plants and 

consumer plants to promote the efficient use of resources 

-  Law and global trade: viewing trends and challenges and the 

advantages of global technical standardisation vs national legal 

systems

-  Liability in ports: evaluating if the international maritime convention 

system is sufficient to protect ports in the event of shipping 

accidents and other maritime incidents and if the currently ratified 

conventions and the liability sums contained therein provide 

sufficient coverage 

-  Port financing and pricing in different countries: between theory 

and practice, examining public-policy discussions, the role of 

stakeholders and long-term and project-related financing models 

that have proven successful 

-  Cruise Shipping: meeting the challenges of the phenomenal growth 

of the cruise industry. 

For further information:
Mrs Sabine Stüben

Tel: +49 40 42847-2208

• E-mail: sabine.stueben@hpa.hamburg.de  
Mr Christian Pieper

Tel: +49 40 42847-2622

• E-mail: christian.pieper@hpa.hamburg.de

CALL FOR PAPERS
PIANC/COPRI DREDGING 2015 CONFERENCE
OCTOBER 19-22, 2015
HYATT REGENCY, SAVANNAH, GEORGIA

PIANC USA & the Coasts, Oceans, Ports & Rivers Institute (COPRI /

ASCE) are proud to announce the Dredging 2015 Conference with 

the theme “Moving and Managing Sediments”. This fifth technical 

specialty conference will be comprised of plenary sessions, concurrent 

technical sessions, short courses, tours and a large industry exhibit 

hall. The Call for Papers will be available at the website. 

For further information:
• www.pianc.us

CEDA DREDGING DAYS 2015
NOVEMBER 5-6 2015
AHOY ROTTERDAM, THE NETHERLANDS,

CEDA Dredging Days 2015, once again to be held in conjunction with 

Europort 2015, will address “Innovative Dredging Solutions for Ports“. 

The organisers are now inviting abstract submissions on this theme.

Dredging and the management of sediments are key elements in the 

sustainable development and operation of most ports. A growing call 

for ports to become greener has resulted in the demand for more 

innovative and cost-effective solutions that meet environmental 

objectives and offer opportunities for enhancing or creating natural 

ecosystems around the port. Achieving this will need advanced 

dredging technology and a thorough understanding of the natural 

processes around ports including the effects of climate change.

The necessity for more sustainable processes has led to the event’s 

focus on innovative dredging solutions for ports where the latest 

technical and scientific developments will be presented. 

CEDA Dredging Days 2015 will include a special Academic Session 

designed to give young dredging professionals the opportunity to 

present papers on any dredging subject. In addition, the International 

Association of Dredging Companies (IADC) will grant its Best Paper 

Award for a Young Author 35 years of age or under.

Experts working in port authorities, institutions, universities, 

engineering consultants, government agencies, dredging contractors 

and manufacturers are invited to submit abstracts by January 7, 
2015. All papers will be peer-reviewed and published in the 

conference proceedings. Details on conference topics and how to 

submit an abstract are available on the conference website.

For further information:
• http://www.cedaconferences.org/dredgingdays2015
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Jan De Nul do Brasil Dragagem Ltda., Brazil
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