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The process of selecting suitable rock for the foundation of the breakwater at the port of Poti, Georgia was essential in 

guaranteeing the integrity of the structure. A drum screen was used for the major quantity of the rock selection, and a wheel 

loader then loaded the materials onto the road trucks travelling to the various graded stockpiles (see page 16).
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eDItoRIAL
Predicting economic trends is difficult, all the more so in times of economic slow-down. 

At a recent meeting of the Central Dredging Association (CEDA), leading CEOs representing 

project owners, regulators, dredging companies and equipment manufacturers were asked to 

present their views on “the outlook for the dredging industry in the coming years given recent 

economic developments” and “the impact of economic downturn on project investment decisions”. 

For the dredging industry the answer lies in focusing on the long-term drivers of dredging  

– population growth, energy needs, expanding global trade, tourism, ecology and climate change – 

and recognising that these drivers remain valid regardless of the short-term economic dip.

A sluggish economy does, of course, affect the industry, but the ingenuity, flexibility and 

innovative spirit that characterises the dredging and maritime construction companies comes  

to the fore and becomes even more evident in these times. Dredging is a pragmatic, hands-on 

business geared to problem-solving, an industry that involves investigation and experimentation 

to determine what works and what doesn’t and why. To accomplish this requires long-term 

investments from the dredging companies in new technologies. And this is the essential strength 

of the major international dredging companies. They are accustom to conducting exhaustive studies 

to find the best design, the best piece of equipment, the best method of providing quality work 

suited to the specific client. They are used to assessing the risks and benefits of particular methods, 

with the goal of ensuring the best possible outcome for their clients, economically, socially and 

environmentally.

In this context, the commitment to investments, to finding original and optimal applications 

serves the dredging industry, and their clients, well. Research and development departments  

are essential to the success of the international dredging contractors. Their studies result in 

investments in new vessels, ground-breaking technologies and state-of-the-art software systems 

for site investigations, excavation, land reclamation and monitoring. Also crucial to the future is 

the industry’s belief in investing in people – young professionals with expertise in engineering, 

management, finances and law as well as officers and crewmembers onboard dredging vessels. 

The articles in this issue of Terra reflect this ability to “think outside of the box”– they include  

a pioneering method of processing contaminated dredged material in France, an unusual 

technique for building a more secure breakwater in Georgia, an innovative safety programme 

that exceeds government regulations, and a counter-intuitive system of estimating soil 

properties, research presented by a younger member of the industry, who was, incidentally,  

the recipient of the IADC Young Author’s Paper Award.

Over the last decades, the international dredging contractors have accumulated in-depth 

knowledge based on their many global land reclamation and environmental remediation 

projects. The challenges they encountered during these projects have shaped the major dredging 

contractors into companies that demand of themselves constant renewal. No matter what is  

on the drawing board to start with, the dredging companies are ready to partner with their 

clients and rethink the situation as new, sometime unexpected, circumstances arise. Dredging 

companies work with their clients to build consensus, track progress and plan for contingencies, 

and to find cost-efficient innovations. Therefore, to answer the question posed at CEDA: 

Especially in these times of economic uncertainty, the long-term vision and the entrepreneurial 

ingenuity and flexibility of the dredging industry is ready and able to help clients find the best 

solutions to their infrastructure needs. 

Koos van Oord

President, IADC

Koos van Oord
IADC, President
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ABSTRACT

Changes in the legislation about dredged 

sediments in France resulted in a need for new 

technologies. The Port Authority of Dunkirk 

(Grand Port Maritime de Dunkerque, GPMD) 

was the first to answer this demand by 

building a treatment facility for contaminated 

sediments. The project includes not only  

the installation of the basins but also the 

dewatering of the dredged sediments in the 

harbour of Dunkirk. The treatment facility  

was built on a surface of 6 hectares inside the 

port area. By means of natural dewatering, 

sediments are dehydrated and ready to be 

valorised. With this facility, the GPMD is a 

pioneer in France and a good example for 

future facilities. An earlier version of this 

paper was presented at CEDA Dredging Days 

in October 2008. This paper is an updated 

account, reflecting works occurring in the 

course of 2009.

INTRODUCTION

The ecological aspects in port planning and 

the sustainable development of areas around 

the port are of major concern to all people 

involved in planning, development and 

construction.

One of the main objectives of the project 

“Dredging and Treatment of Contaminated 

Dredged Material” is the development of a 

recycling centre for the dredged contaminated 

sediments of the port of Dunkirk. The project 

is managed by the Grand Port Maritime de 

Dunkerque (GPMD) and is located in the port 

of Dunkirk, next to large industrial companies 

like Polimeri Europe and Lafarge (Figure 1).

The project in Dunkirk is one of the first  

in France to cope with the historical 

contamination of the sediments in the 

harbour. It is a leading project that will 

encourage a wider action programme  

in the other harbours in France.

LocAtIon AnD HIstoRIcAL 
BAcKGRoUnD oF tHe 
contAMInAtIon
Dunkirk, France is located 300 km north of 

Paris near the border with Belgium and covers 

a stretch of approximately 16 km along the 

North Sea. The port of Dunkirk is the third 

largest harbour in France (Figure 2). The East 

Port has a large tidal range and a navigable 

depth of 14.20 m to facilitate the passage of 

Above: Aerial view of the lagoons at the port of 

Dunkirk. The treatment facility is operational and is 

being used to valorise contaminated sediments.

DReDGInG AnD VALoRIsAtIon: 
tReAtMent oF contAMInAteD DReDGeD 
MAteRIAL In tHe PoRt oF DUnKIRK, FRAnce

P. GReGoIRe, s. HeRMAn, D. GLAseR, A. PIeteRs AnD M. VAn DAMMe

Figure 1. The surroundings of the site before the start  

of the installation of the basin. Top to bottom, industrial 

companies Polimeri Europe and Lafarge.
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large cargos of 115,000 tonnes. The port also 

shelters a marina and a fishing port. The West 

Port has a navigable depth of 20.50 m and can 

accommodate larger vessels up to 300,000 

tonnes.  

Dunkirk has a population of 340,000 and is 

the industrial centre for an area with more 

than 250 industries. The port specialises in 

several industrial activities such as petroleum 

and gas, metallurgy, grains, granular materials 

and other heavy industries. Since 1999 the 

GPMD has executed several survey campaigns 

to characterise the sediments in the harbour, 

which has resulted in large registers with 

physico-chemical and biological data.

Because French law has changed, sea 

placement is subject to strict regulation. 

Several physico-chemical parameters have 

been considered in order to fix the maximum 

allowed values. In the future, the historically 

contaminated sediments will be dredged in 

the harbour and these will require treatment.  

The GPMD is the first maritime harbour in 

France to establish a management plan 

considering the contamination of the 

sediments and their future valorisation.

enVIRonMentAL AnD FeAsIBILItY 
stUDIes
The results of the new legislation means that the 

GPMD is now obligated to treat the contaminated 

sediments on shore. In order to resolve this 

issue, the GPMD has conducted several studies 

over the past few years. The environmental 

impact of a sediment treatment facility has 

been evaluated through an Environmental 

Impact Study (EIS). 

Figure 2. Map of the port of Dunkirk.

Figure 3. The site where the Environmental Impact 

Study was done.



Before the execution of the project could start 

an EIS was done to characterise the initial 

conditions of the site and the surrounding sites:

-   The site was examined first for practical 

cautions and secondly for the reuse of  

the sand as a constructional element for  

the dike construction (Figure 3).

-   The groundwater was examined for pH, 

salinity, heavy metals and so on before the 

works started and will be analysed again at 

the end of the project.

-   The Canal des Dunes is the channel in which 

all water coming from the dehydration of 

the dredged materials will be discharged 

(Figure 4). The water was tested on heavy 

metals but also an eco-toxic test, PCB,  

TBT and a microbiological test were done  

in a registered laboratory .

After this characterisation, the execution of 

the project could start. A similar study will be 

done at the end of the works in order to 

evaluate the influence on the environment 

and the project premises.

FInAncInG AnD tenDeRInG  
oF tHe PRoJect
The project is financed by GPMD, who also 

launched the tender for the works. During  

the tender stage the Joint Venture Envisan 

Sodraco investigated several options, such as: 

Mechanical dewatering, immobilisation and 

natural lagunation.

Several tests were executed by their R&D 

department on samples taken in the port of 

Dunkirk; and the Port Authorities selected the 

proposed alternative solution. At first the 

sedimentation of the sediments was compared 

between sediments with an initial dry matter 

content of 30(w)%, 20(w)% and 12(w)%. 

Three transparent plastic columns were filled 

with sediments corresponding to the above-

mentioned dry matter contents (Figure 5). 

During time the sediments height, the upper 

volume and the drained volume of water were 

measured. Out of these measurements the dry 

matter (DM) content of the settled sediments 

could be calculated.

PASCAL GREGOIRE  

(Ph.D.) graduated in Civil Engineering from

the University of Artois in Douai, France.

As the Manager of Environmental

Management Department, he is currently

responsible for the management of  

the environmental regulations within  

the Port of Dunkirk and the study of 

environmental and sanitary impact  

of public works in France.

SOFIE HERMAN 

(M.Sc.) graduated in Civil Engineering

(Construction with optional courses in

environment and sustainable energy

development). In 2005 she joined Envisan  

NV as a project engineer on international 

projects, specifically for the Dunkirk project. 

She is currently responsible for the 

implementation of a treatment facility

in southern Belgium.

DAPHNE GLASER   

(M.Sc.) graduated in hydrogeology with

4 years background in sedimentology,

geophysics and geochemistry. She started

work at an NGO on a World Bank Program 

to provide wells to a rural African population

Since her arrival at Envisan NV in 2006, 

she has worked on several environmental 

projects such as the dredging and 

sediments treatment project in Dunkirk.

ALAIN PIETERS   

graduated as a geologist and a soil scientist.

In 1989 he joined Jan De Nul as a surveyor in 

the hydrographical department. Since 2000 he 

has been working within the environmental 

division Envisan NV and has headed the 

R&D department. He was responsible for 

the research at Dunkirk, including lab scale 

sedimentation and dewatering tests, and 

lagooning simulation tests and monitoring. 

MATHIAS VAN DAMME 

(M.Sc.) graduated as a bio-engineer in 

environmental technology. Since 2006  

he has worked as a project engineer for 

the R&D department of Envisan NV.  

For the Dunkirk project he executed lab 

scale sedimentation and dewatering  

tests, lagooning simulation tests and 

monitored the sludge dehydration and 

water quality. 

Figure 4. The Canal des Dunes where water from the dehydration is discharged. 

Figure 5. Sedimentation tests with 30%, 20% and 12% 

of dredging sediments.
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Because the time for lagooning is dependent on 

the sediments load, a similar test was performed 

on a larger column of 2 m height (Figure 6). This 

large scale test was conducted with sediments 

diluted to an initial dry matter content of 30% 

which would be most likely the initial dry matter 

content of the dredged sediments at full scale. 

For this larger scale test a dry matter content 

of 50% was only reached after 21 days of 

sedimentation. On August 10, 2007, the 

contract for the installation of the facility, the 

dredging and dehydration of the contaminated 

silty sediments in the Port of Dunkirk was 

awarded to the joint venture Envisan Sodraco.

eXecUtIon
The project consists of three main stages during 

the first year and two stages during the 

following two years. During the first year the 

following three stages have been executed: 

1.  Installation of the dehydration basins (Figure 7)

2.  Dredging and pumping of the 

contaminated sediments (Figure 8)

3.  Dehydration in the lagoons (Figure 9) 

The first stage was the installation of the 

basins, including all site facilities, such as 

fences, site offices, access roads and such. 

Because of the limited area, detailed 

engineering was done related to the 

construction and layout of the four basins. 

The original idea was to use pumps to transfer 

the water from the lagoons into the next 

destination. As a result of the optimisation of 

the layout and the reliability of the system, 

natural gravitation has been selected. 

Figure 6. Large column sedimentation test at 30% 

(DM) dry matter content. 

The dry matter content reached 

after sedimentation of the 

sediments will depend on the 

initial dry matter content of the 

sediments. The results indicate 

that the lower the initial dry 

matter content of the sediments 

the lower the final dry matter 

content of the settled sediments 

will be. As a result of the high 

sand content of the sediments 

(50.3%) the sedimentation, in 

particular those with the lowest 

dry matter content, occurred very 

quickly. For the small-scale lab 

test with 30% DM a dry matter 

content of 50% was 

already reached after  

7 days of sedimentation.

Figure 7. Two views of the installation 

of the dehydration basins. 

Figure 8. Dredging and pumping of the contaminated 

sediments. Figure 9. The dehdyration process in the lagoons.

Figure 10. Layout plan of the site with the four basins.



The excavation of the four basins (Figure 10) 

started in January 2008. After excavation 

and construction of the bunds a HDPE 

geomembrane (Figure 11) was installed.  

In the meantime the installation of a drainage 

layer (Figures 12 and 13) also took place and 

a network of drainage tubes (Figure 14) were 

installed in de dehydration basins.

Figure 11. Placing the geomembrane during 

installation. Insert: the geomembrane in place.

Figure 12. Installation of the drainage 

layer: the sand.

Figure 13. Installation of the drainage layer: the drainage tubes.

Also the connection between the lagoon 

basins and the water storage basin had to  

be installed (Figure 15). 

Figure 14. Drainage tubes.

Figure 15. The connecting pit between the lagoon basins and  

the water basin for drainage water.
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Once the first stage was done, in April 2008, 

the first dredging campaign started and a trailing 

suction hopper dredger (TSHD) (Figure 16) was 

used for dredging the first load of 22000 TDM. 

The sediments were dredged in “Bassin 

d’évolution de Watier” and were pumped 

ashore and distributed in the different 

lagoons. During the whole dredging campaign 

samples were taken and analysed for further 

optimisation of the dehydration process.

During dredging operations and filling the 

lagoons with sediments, samples were taken 

at the discharge point at each lagoon. The 

dredged sediments had an average dry matter 

content of 33% and a sand content (> 63µm) 

of 45%.

Owing to the low dry matter content of the 

dredged sediments, a segregation of the sand 

content could be expected. As soon as the 

lagoons were accessible samples were taken 

at five different locations in the three lagoons 

(Figure 17). At each location the total 

sediments height was split up in different 

depths (steps of 25 cm) which were sampled 

separately.

The results of the dry matter and sand 

content of the sediments samples indicate 

that nearby the discharge point the dry  

matter content and the sand content of  

the sediments is much higher compared  

to the opposite side of the lagoon. 

While filling the lagoon, larger particles 

will settle faster and closer to the discharged 

point compared to the fine silt and clay 

particles. Once the lagoon is filled, larger 

sand particles will settle more rapidly resulting 

in a higher sand content of the deeper 

sediments layer which will result in so-called 

graded bed. 

Figure 16. Schematic drawing of 

a trailer pumping ashore to the 

reclamation area.

Figure 17. Aerial view of the lagoons: Samples were taken at five different locations  

in the three lagoons.

Figure 18. Decantation.
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The dehydration of the lagoons was done in 

the following sequence:

1.  Decantation: overflow of the superficial water 

into the water storage basin (Figure 18)

2. Natural dehydration (Figure 19)

3.  Mechanical dehydration: preparation of the 

windrows (Figure 20)

The dehydration of the lagoons started with 

the decantation, an overflow of the superficial 

water into the water storage basin. This 

process was closely monitored: quantities, 

turbidity and other parameters. 

At the end of the dehydration process, the 

materials will be removed from the basins and 

will be valorised into new projects. These can 
include: berm landscaping, aggregate in concrete, 

road construction and embankments.

The advantages for the Port Authority are 

clear. This treatment center gives the GPMD 

the opportunity to valorise their contaminated 

sediments with a certain continuity. The 

project offers three lagooning basins which 

can be reused after the first dredging and 

dehydration period. A private contractor 

executes the project for a period of time. 

ActUAL sItUAtIon At enD  
oF ReMeDIAtIon WoRKs
As of August 2009, the treatment centre is 

fully operational and the dehydration process 

is ongoing. The first phase of the project was 

finished by the end of 2008. The sediments 

issued from this phase will be integrated in an 

environmental project, more specifically as 

construction material for berm landscaping. 

The second phase of the project will start in 

October 2009 after the valorisation of the 

sediments in the port of Dunkirk.

CONCLUSIONS

The Port Authority of Dunkirk has been 

studying the sediments at the port for 

several years. The remaining historically 

contaminated sediments are still in the port 

of Dunkirk and have to be treated and 

valorised during the following years. 

The project includes three lagoons which 

can be reused. In fact, once the sediments 

are dried, the sediments will be removed 

from the basins and valorised into other 

projects. This means that the basins will 

be able to be used for the next 10 years. 

An environmental project such as Dunkirk is 

a challenge for all people involved: planners, 

engineers, environmentalist, contractors, 

consultants, authorities and many more. 

This is a first important step for France in 

the valorisation of their sediments.
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Figure 19. Natural dehydration.

Figure 20. Mechanical dehydration with preparation of the windrows.



ABSTRACT

Until recently safety training at most U.S. 

dredging companies, including Great Lakes 

Dredge & Dock focused on policies and 

procedures taught in OSHA (Occupational 

Safety and Health Administration) classes. 

OSHA is the main federal agency in the 

United States charged with the enforcement 

of safety and health legislation. In reality, 

however, attention to safety was not necessarily 

a priority. Safety meant wearing PPE, watching 

company-developed safety videos, attending 

Tool Box Meetings and listening to Safety 

Department lectures. For civil engineering and 

operations people the information from the 

Safety Department became more of a hindrance 

than a help and in the end production 

suffered. Although regulations toward safety 

had improved drastically in the last 30 years,  

it took an on-the job fatality to also change 

the attitude of each and every individual in 

management and crew at GLDD. This change 

of “heart” fundamentally changed all the 

company’s efforts toward really achieving a 

record of no incidents, embodied in the 

programme “Incident and Injury Free” (IIF). 

This article is based on a presentation that 

was awarded the first WEDA Safety Award at 

the Western Dredging Association Conference 

in Tempe, Arizona, in June 2009.

INTRODUCTION

Safety has not always been a part of dredging 

culture. Often a limited number of accidents 

was considered acceptable and a fact-of-life in 

a highly industrial profession. In the last 30 years 

however legislation and regulations within the 

industry have changed. Safety is no longer 

considered an obstacle to operations, but an 

essential part of the planning and execution of 

a dredging project. Because of a fatal accident, 

Great Lakes Dredging & Dock (GLDD) took a 

closer look at its own internal safety processes 

and has spent the last four years implementing 

a programme known as Incident and Injury 

Free (IIF). This IIF programme has transformed 

Great Lakes’ safety culture. 

tHe PAst
Several years ago, the general attitude 

towards safety at Great Lakes, “Hey, we work 

in rough offshore conditions with heavy 

floating equipment – people are going to get 

hurt, what do you expect – this is dredging!” 

And indeed, things did happen and people 

did get hurt (Figure 1).

Above: Safety precautions such as PPE shown above  

are part of Safety precautions. Equally important are 

constant hazard awareness and taking personal 

responsibility for yourself and your coworkers on the job. 

An IncIDent AnD InJURY FRee cULtURe: 
cHAnGInG tHe FAce oF PRoJect oPeRAtIons

DAVID sIMoneLLI
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Which is not to say that safety measures were 

not in place. The Safety Department at Great 

Lakes was formalised in 1996. In 1999 the 

Responsible Carrier Program for tugboats  

was implemented and began working with 

the US Army Corps of Engineers and other 

contractors to develop the dredging safety 

manual EM385. In 2001 hopper dredgers 

were certified under the International Safety 

Management Code (ISM) and in 2002 Great 

Lakes partnered with the US Army Corps of 

Engineers and other contractors to implement 

the “Dredging Safety Management Program”.

By early 2004 safety at Great Lakes had made 

significant progress in a relatively short eight 

years. This included: a Safety Department with 

a staff of nine, standardised procedures and 

policies, a company safety manual and safety 

training. Great Lakes OSHA Total Recordable 

Incident Rate (TRIR), or the number of 

employees per 100 working a full year who 

incurred a recordable injury (something more 

serious than first aid) had dropped by more 

than 50% between 1996 and 2004. This 

showed a steady improvement in recordable 

and lost time rates (Figure 2).

A MInDset cHAnGe
But by 2005, these achievements began to 

flatten out. The gains realised from the 
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joined Great Lakes Dredge & Dock in 1978 

as a Field Engineer and spent the first  

20 years of his career in operations on 
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As Project Sponsor, he oversaw 

international projects such as the new  

port construction in Al Sukhna, Egypt,  
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Port in Iraq. In 2004 he assumed 

responsibility of the Risk Management  

and Safety Departments in addition to  

his operations tasks. Since 2002 he has 

been Senior Vice President, Operations 

Support Group.

Figure 1. Injured worker being carried 

to shore by crew mates. 

traditional safety structure and programmes 

had been exhausted and the company had hit 

a brick wall. Systems, procedures and training 

were in place, but on-the-job injuries were still 

occurring. Frustration was setting in and it 

was not clear how to break through to the 

next level of safety performance.

This uncertainty led Great Lakes to take a closer  

look at the “personal” side of safety and the 

Incident & Injury Free (IFF) system. IIF is a 

process of “realignment” of a company’s 

safety culture. Developed by JMJ Associates of 

Austin Texas, the IIF system requires a change 

in safety attitudes from simple compliance 

with rules and regulations to a mindset that 

intends to eliminate work related incidents 

and injuries all together. IIF was already 

entrenched in Chevron, Skanska, Bovis and 

several other large construction firms.

IIF requires stepping over the line from the 

policies, rules and regulations that are the 

foundations of good company safety 

programmes to the “personal” side of safety.  

IIF means taking responsibility for your own 

safety and for the safety of those who work 
with you, speaking up when you see something 

unsafe, planning activities and asking questions, 

choosing to follow safety rules because you 

want to, not have to. Incident & Injury Free is not 

another safety department initiative, but rather 

a company-wide culture change that requires 

commitment from all in order to succeed.

GLDD’s management was first introduced to the 

IIF concept in April 2005. JMJ was then asked 

to conduct 110 confidential interviews of crew 

and supervisors at all levels on nine different 

projects sites. JMJ assessed the status of safety 

at GLDD and analysed the perceptions and 

assumptions of the crews and field teams 

regarding GLDD’s safety leadership, systems, 

culture and commitment. 

For management, reading the summary report 

and receiving feedback from the 110 employees 

was an eye-opener. GLDD’s crews accepted 

Figure 2. Incident Rate and Lost Time Incident Rate 

through 2005. Incidents x 200,000/manhours.
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taking risks and minor injuries as a part of 

their work. The perception was the job has  

to get done so you do what you need to do. 

The safety department people were seen as a 

police force, lacking any dredging experience 

and not understanding the tasks performed in 

dredging operations.

In fact, safety performance can be approached 

in two ways:   

-  One attitude is the acceptance that 

dredging is a risky business and that 

accidents will happen and that not all 

accidents can be prevented. 

-  The other attitude says: We control the 

workplace environment. If I personally don’t 

want to be injured and I don’t want you to 

be injured, we can work safely. Injuries are 

unacceptable. Therefore we will all do what 

it takes to make the workplace safe for all 

of us. We are all responsible for taking 

ownership of safety, not just for ourselves 

but for each other as well.

The JMJ approach is the second approach, 
based on causing transformation in individuals, 

allowing them to produce results beyond the 

predictable. It supports the existing safety system 

but seeks to generate extraordinary results.

IFF tRAInInG
To begin the IIF transformation, two-day 

workshops for managers, captains, site teams, 

chief engineers, maintenance personnel and 

the safety department were conducted by 

JMJ. In total one hundred GLDD employees 

participated in two separate sessions.

High Performance Safety Commitment 

Workshops were conducted at which current 

safety efforts were examined, individual and 

collective actions required to effect change 

were explored, the challenges, issues and barriers 

to achieving extraordinarily safety performance 

were discussed, and training to develop skills 

to translate our commitment into effective 

action were provided. Rather than focus on 

accident prevention, the focus was shifted to 

forming a proactive commitment to creating 

an incident and injury free work environment. 

The planning for IIF orientations for the dredge 

crews was begun, the Safety Leadership Team 

(SLT) was formed, volunteers for “Train the 

Trainer” were selected and Managers, Captains 

and Site Teams were asked to check out the 

personal side of safety. Then a terrible tragedy 

occurred. 

On July 6th 2005, the Dredge Illinois was 

working on a beach reclamation project in  

St. Augustine Beach, Florida. A 19-year-old 

engineering student was setting grade stakes 

on the beach. He was a family member of 

GLDD’s Field Engineering Department Manager 

spending the summer on a dredging project. 

He had just finished his first year at the 

University of Tennessee and had been working 

for six weeks on site, working away from 

home for the first time. His bags were packed 

in the survey truck and he was heading to the 

airport later that day. What actually happened 

is unclear. The bulldozer operator thought the 

survey engineer was aware of his approach and 

path or maybe the survey engineer thought 

the operator was aware of his position. 

Whatever the case, this young man lost his 

life that morning on St. Augustine Beach.  

Two days later two members of management 

met with his father, grandfather and uncles  

in Union City, Tennessee. When an accident 

occurs, the first thing that springs to mind is 

the victim. Now the devastating impact on  

the family became clear. This incident should 

never have happened and it shook all members 

of GLDD to the core. 

IMPLeMentAtIon
This shocking loss of a life led to a new, 

company-wide commitment to safe work 

practices. These included the establishment  

of “Safety Zones” around land equipment 

engaged in beach reclamation project as well 

as onboard dredges. Safety zone areas were 

now required around clamshell whirly, spud 

hoists, around all winches and scow fleeting, 

hoppers bow connections and swing wires. 

On shore this included areas around heavy 

equipment, discharge areas and fueling 

stations.

Operators of heavy equipment at land and 
filling operations were asked to address limited 

field of view and blind spots in the 50- and 

100-foot safety zone. Often an operator’s 

attention is directed toward the load and or 

grading operation. If the operator is focusing 

on the forward line of sight, a person would 

have to be either beside the operator, be more 

than ten feet tall, or be more than 75 feet in 

front, otherwise the operator would not even 

see another person. The US Army Corps of 

Engineers stood down all projects in the South 

Atlantic Division to implement the Safety Zones 

lessons learned from this tragic incident.

“Hazard Awareness” training based on “walk-

around” orientations was implemented. These 

hazard awareness walk-arounds occur on site, 

live and in person, conducted by a manager 

with a new employee, emphasising the specific 

areas relevant to that new engineer. Hazard 

awareness covers, for instance, vessel transfers 

Figure 3. CEO Doug Mackie leading 

a Kick-Off Meeting in Bahrain. 
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from boat to dredge to boat as well as hopper 

dredge transfers. Also attention to decks, 

including suspended loads and overhead 

hazards, as well as wet, mud, ice and grease 

spots and steel wires on deck, and soft lines 

between vessels.

The next step was to introduce IIF to all Great 

Lakes crews. This was accomplished through 

IIF Orientations at each existing project site 

and at every new project start up. Senior 

GLDD Management, members of the site 

team including dredge captains, facilitate 

these orientations (Figure 3). These are not 

lectures, but open discussions where real life 

stories are told and questions are encouraged. 

Small group exercises are then conducted 

which involve actual project safety concerns 

and foster participation by all.

Building relationships is an important component 

of a successful IIF programme. Crewmembers 

who know and have a relationship their fellow 

workers will naturally look out for each other. 

IIF seeks to create a relationship between 

younger and older crewmembers so that the 

new hand will not be afraid to raise a concern 

and the experienced person is more likely to 

be approachable. The better the relationships, 

the better the safety accomplishments.

Studies also found that a two-month “green 

hat” may be more aware of a risk than a deck 

captain with 20 years experience who is working 

by rote. Not surprisingly, as employees become 

more experienced they gain knowledge and 

skills. Unfortunately, their personal level of 

perceived danger tends to drop. Sometimes the 

most experienced are “asleep at the wheel”, 

with the attitude, “I have done this task a 

thousand times without incident”. The goal is 

to make employees pull back on the curve 

into an area where they are “Competent and 

Concerned” (Figure 4). 

Traditional versus IIF culture
In a traditional safety culture, the reaction  

to an accident is to look for ways to prevent  

it from happening again. In an IIF culture, 

crews focus on unsafe actions and near-

misses. By reducing these, the number of 

more severe incidents will decrease. Figure 5 

indicates how, by reducing the width of the 

base of the pyramid, the number of more 

serious incidents will be reduced.

Measurable progress had been made, but the 

momentum was not sufficient. Managers did 

not step up adequately to keep the IIF efforts 

moving forward, meetings became stale and 

the important dialogues were not happening. 

As efforts stalled in the field and within 

management, the realisation occurred that 

too much had been invested to allow this  

to fail.

MoRe eFFoRts neeDeD: IIF PHAse 2
Again Great Lakes turned to outside consultants: 

The Hile Group was brought in to continue the 

High Performance Safety Training, or IIF Phase 2. 

The focus was to build on JMJ’s IIF principles and 

begin moving more towards “Transformative 

Safety” by working with the frontline supervisors. 

Intensive “Transformative Safety Training” and 

“Leadership from Within” classes were held 

with cutter dredge captains, chiefs, deck 

captains, mates and site managers. Hoppers 

and clam sessions followed. These emphasised 

that each and every crewmember must have 

the knowledge and skills to be successful.  

Figure 4. The relationship of 

competency to risk: 

Some “green hats” are more alert 

than their senior coworkers.

Figure 5. OSHA Injury 

Pyramid reflects 70  

years of statistics.

Through IIF Orientation meetings, Great Lakes 

was trying to instill in its crews that the 

production was not the main issue, but safety: 

That if it is not safe, do not do it, and do not 

let co-workers do it either. That if you see 

something unsafe, speak up immediately, 

there and then, to your supervisor. And that  

if you are not sure of something or do not 

understand the task, stop and ask. Also 

important is knowing that if you stop a task 

for a safety reason, management will back 

you up. That if you bring up a safety concern, 

management will address it promptly. And if 

there is an injury, management wants to learn 

from the injury and not focus on the blame 

game. 

Changes did not occur overnight. It took a 

solid year to begin to build the momentum to 

effect change at every level of the company. 

JMJ’s IIF engagement with GLDD finished in 

late 2006. With the tools and guidance given 

by JMJ, an “IIF Safety Culture” was now 

embedded in everything Great Lakes Dredge 

& Dock did and significant progress had been 

made. 

By 2007 Great Lakes was on its own 

implementing safety measures, but 

sustaining an IIF Culture proved 

more difficult than first thought. 

The first six months were a struggle, 

and slippage in some areas was 

noticeable. 
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The importance of approaching a fellow 

crewman or subordinate with respect was 

emphasised. Comparisons were made 

between a “Traditional” Safety Culture and a 

“Transformative” one. A traditional safety 

culture can only take an individual and the 

company so far in safety performance. Going 

from traditional to transformative meant going: 

-  from “talking the talk” to “walking the walk”, 

-  from employee compliance to employee 

commitment, 

-  from a Safety Department that leads to 

Operations as safety leaders, and 

-  from top-down safety to bottom-up safety, 

with problems identified and solutions 

developed by crewmembers.

To achieve a truly Incident and Injury free 

culture Great Lakes had to shift to a 

“Transformative” culture.

FUnDAMentAL cHAnGes 
From the tender stage through final 

demobilisation, safety is now on the table. 

Company-wide, every department, including 

non-ops, participates in the safety transformation. 

Continual assessment is ongoing, and 

operating methods, crew levels and equipment 

usage that was acceptable in the past is 

scrutinized from a safety perspective.  

What may have been considered safe in the 

past is not necessarily acceptable nowadays. 

The Incident and Injury Free culture has gone 

well beyond safety – the company is more 

open, people work together more effectively, 

communications have improved and everyone 

holds each other accountable.

Kick-Off Meeting
All projects begin with an IIF Kick-Off Meeting, 

which is held on site with full crew participation, 

with Corporate and Site Management involved. 

The Client, union representatives and 

subcontractors are also invited to participate. 

The Safety Department does not lead the 

meeting. Operations drives the safety meeting 

and the Safety Department is a resource to 

support operations. There are no lectures,  

but rather open discussions about attitudes 

towards safety, being approachable, 

recognition of hazards and commitments  

to one another. Project overview, logistics  

and planning are reviewed thoroughly.  

Each group works a problem and reports to 

the whole. 

Pre-Shift Meeting
Each shift begins with a Pre-Shift Meeting, led 

by the captain or deck captain and site manager, 

where the full shift attends (Figure 6). This 

meeting allows the engine crew to better plan 

their activities in conjunction with deck tasks 

optimising work time. Operational, maintenance 

or other preparatory activities planned for that 

shift are discussed which puts all crewmembers 

on the same page. This also creates the 

opportunity to question the crew about the 

risks involved in some of the planned activities 

and get a discussion going. Stories about past 

experience with incidents that occurred while 

performing similar tasks can be shared and this 

is a good way to capture the crew’s attention. 

Knowledge is assessed, and the crews are asked 

to point out any hazard or unsafe condition 

seen on the previous shift and report what 

measures were enacted. Any new or “green” 

crewmembers are identified and more 

experienced crewmembers are asked to keep 

an eye on them. Any “close calls” or unsafe 

equipment that was recently discovered are 

reviewed, and any unsafe acts that have been 

observed are discussed in order to increase 

the crew’s awareness.

This Job Safety Analysis (JSA) have been an 

essential tool in improving safety performance 

and JSAs are now performed before the start 

up of each task. Each step is identified; then 

the hazards associated with that step and 

how to mitigate each hazard are discussed. 

This ensures that everyone is on same page, 

using the appropriate tools and procedures, 

and it keeps hazard awareness in the 

forefront of everyone’s mind.

Figure 6. A Pre-Shift 

Meeting, where the 

full shift is in attendance. 

Figure 7. IIF Action Alerts 

are issued immediately 

when an incident occurs.



CONCLUSIONS

After 5 million work hours in 2008, the 

results have been remarkable. Compared to 

2005, GLDD has experienced a 66% drop in 

Total Recordable Incident Rate and an 80% 

drop in LTIR Lost Time Recordable Incident 

Rate, which is an indication that the severity 

of the incidents that did occur, is way down 

(Figure 9). At present, Great Lakes Dredge & 

Dock is entering the Process Approach phase 

of safety performance: focusing on behaviour 

and executive leadership, with safety 

professionals providing the expertise and 

ability to facilitate the safety process and the 

people in the field driving the safety process 

by identifying the problems, creating solutions 

and implementing them. Safety awareness 

remains an ongoing process and demands 

constant vigilance. 

Figure 8. Baltimore Maintenance Project: 2 dredges, 1 unloader, 5 tugs, 6 scows, 110 men and 4 months 

totally Incident Free.

Figure 9. The good news 

is that hard work on 

safety issues has resulted 

in good results.

“steP BAcK FoR sAFetY”
The bottom line is that when something feels 

wrong, take a minute, step back, review what 

is happening: Is it safe to proceed or do you 

need to change the procedure. Management 

as well plays a central role in ensuring a 

Culture of Safety. Visible management 

commitment is necessary and this can be 

expressed by phone calls, asking about safety 

before production achievements; site visits 

and taking time to talk to groups of 

crewmembers, participation at pre-shift 

meetings and JSA discussions, providing the 

resources needed to help safety succeed, 

asking questions about near-misses and 

recognising safety excellence by singling out  

a Captain and Crew and rewarding them.

Other tools include the monthly distribution  

of year-to-date incidents and statistical 

analyses to all sites throughout the company. 

These are then discussed by crews during  

Pre-shift, Weekly Tool Box and JSA meetings. 

In an effort to assess leading indicators,  

a Safety Health and Environmental Walk 

Around is conducted periodically by groups  

of crewmembers and managers who inspect 

different areas of dredge, attendant plant  

and the beach, as well as grade areas on 

housekeeping, tripping hazards, cylinder 

stowage, and other criteria. Areas with 

month-to-month low performance may 

indicate a department or location where  

the next incident may occur. Focus is placed 

on these areas before anything happens  

and an objective way is sought to evaluate  

the situation.

When an incident does occur, post-incident 

“Stand Downs” are crucial for the project 

where it happened but also company-wide. 

Everyone should be asking, “Could this 

happen to me?” Root causes and analysis of 

the remedial measures to be implemented 

should be studied. Quarterly Safety Leadership 

Team Meetings have been moved out of the 

corporate office and onto the project sites. 

They must include the project team, dredge 

representatives, clients and union reps. 
Learning from the experiences – good and bad – 

of others is essential. When an incident occurs, 

Action Alerts are issued to the entire fleet as 

incidents happen regardless of which project  

it occurred on (Figure 7). When excellence is 

achieved it should be recognised (Figure 8).
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ABSTRACT

The breakwater at the Port of Poti, Georgia, 

located on the Black Sea, was started in the 

19th century and has been repaired often in the 

course of almost two centuries. The breakwater 

is meant to provide protection for the port. 

Still, as a result of significant settlement of the 

structure over time, the crest level has been 

reduced considerably, overtopping of waves 

frequently occurs and this has a negative impact 

on the port. A rehabilitation programme using 

Xbloc® and Xbase® armour units and rock 

from local quarries resulted in an economical 

solution, which both reduced down-time at the 

port and reduced the need for maintenance.

Above: At the Port of Poti, Georgia, located on the 

eastern coast of the Black Sea, the old breakwater was 

in disrepair. An economical and sustainable solution was 

found to be the use of the Xbloc® and Xbase® armour 

units seen here for the rehabilitation.

BReAKWAteR ReHABILItAtIon PRoJect 
At tHe PoRt oF PotI, GeoRGIA

PIeteR BAKKeR, BeRt PoL AnD JoRIs RooD
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INTRODUCTION

At the mouth of Georgia’s largest river, the 

Rioni, which flows into the Black Sea, lies the 

city of Poti, which has been an important trade 

centre for centuries. Plans to develop a major 

seaport at Poti have been around since the 

early 1800s and in the 1850s the construction 

of a breakwater was begun. That breakwater 

still protects the port today.

Built in multiple phases with various cross sections 

between 1856 and 1929 (Figure 1), this main 

breakwater has endured because of a history  

of continual maintenance. 20 to 60 tonnes of 

concrete cubes have frequently been added to 

the armour layer of the structure. Still, as a 

result of significant settlement of the structure 

over time, the crest level has been reduced 

considerably. This has resulted in large 

overtopping volumes which then cause an 

inordinate amount of down-time for port 

operations. Consequently, the port authority 

decided to undertake a rehabilitation project. 

This project, executed between 2006 and 

2008 by Royal Boskalis Westminster nv, aims 

Figure 1. Historical overview of 

construction stages of the existing 

old cube breakwater.
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to reduce the need for constant maintenance 

and to limit the port’s down-time caused  

by overtopping waves. The project financing 

was organised by Boskalis Westminster and  

as a result the project was partly financed  

by the Dutch export stimulating subsidy for 

developing countries (ORET) and partly by  

a commercial loan via the ING bank.

This article presents the various design options 

that were considered. It also explains how the 

construction equipment and method dictated the 

design choices and includes a description of the 

experiences encountered during construction.

The part of the breakwater which needed to be 

repaired is comprised of an impermeable wall 

structure with a homogeneous body of large 

cubes in front of it (see Figure 1, cross-sections 

2 and 5). As specified in the general design for 

the rehabilitation, the “breakwater toe,” located 

in front of the existing body of cube, consists of 

multiple rock layers. This design was chosen 

because the individual concrete cubes in front 

of the breakwater are partially protruding 

from the seabed making the use of geotextiles 

impossible. The old existing cubes on the 

breakwater slope had been covered by a number 

of rock layers and finally covered by a single layer 

of 2 m3 Xbloc® armour units. In total 50,000 

tonnes of Filter Material, 100,000 tonnes of 

Rock and 6000 nos (number of units) of Xbloc® 

units were placed. 

DesIGn oPtIons consIDeReD
During the detailed design and preparation for 

the construction rehabilitation, three different 

design solutions were developed to protect 

the low and wide crest of the breakwater as 

shown in Figure 2.

The original design was based on the 

availability of a heavy crane capable of lifting 

the old cubes. By selecting the best cubes and 

re-using them as a crown wall, the breakwater 

crest would be protected and the armour layer 

would be keyed in horizontally. During the 

preparation of the construction phase, however, 

lifting the existing cubes was considered to be 

an unsafe and unattractive solution for several 

reasons. These included both the high costs of 

using such a large crane as well as the high risk 

of poor quality cubes dropping from the crane. 

Consequently, a new design was model tested 

with large 4 to 6 tonne rocks on the breakwater 

crest (Design Change A, Figure 2). Although 

this solution was stable under the design and 

overload cases that were tested, during the 

production of the different rock gradings at the 

quarry it became apparent that the required 

quantity of 4 to 6 tonne rock was insufficient 

and a third design was made. 

This third design consisted of a crest protection 

made of 1.8 m3 Xbase® units instead of 

Xbloc® units (Design Change B, Figure 2). 

Figure 2. Development of the cross section: Top, original plan and below, design change A and design change B.

Design Change A:
• 4-6 tonne rock armour on crest instead of 40 tonne cubes 
• number of rock layers in toe reduction
• increased crest height: reduced crest width

Design Change B:
• Xbase Units instead of 4-6 tonne rock armour on crest
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XBAse® UnIts on BReAKWAteR 
cRest
The steepness of the slope is an important 

parameter in this breakwater construction, 

because the interlocking between armour 

units such as Xblocs® derive an important part 

of their stability from the interlocking itself. 

However, on a horizontal berm or on a very 

mild slope such as the breakwater crest in Poti, 

Xblocs® would derive their stability primarily 

from their own weight and interlocking would 

not contribute significantly to the stability.  

In addition, Xblocs® have a large surface area 

exposed to the overtopping waves compared 

to, for instance, rock armour. The use of highly 

interlocking armour units on a low crest or 

berm therefore can lead to rocking of armour 

units under wave attack and hence to breakage 

of armour units. 

Several years ago the idea developed to remove 

one of the noses of the Xbloc®. These modified 

Xblocs®, known as Xbase® units are less sensitive 

to overturning and are kept in position by friction 

between the unit and the rocky seabed. 

Therefore, applying Xbase® units at the crest 

instead of normal Xblocs® was a better choice 

expected to be rehabilitated in the near 

future, transitions between the old cube 

structure and the new Xbloc® section will 

necessarily occur. To ensure the stability of 

the Xbloc® section, the blocks have been 

horizontally keyed so that they cannot be 

unravelled during storm conditions.

Initially the construction strategy called for the 

availability of cranes with sufficient capacity  

to lift and place the existing 40-tonne cubes. 

In this design two rows of 40-tonne cubes 

would be placed against and on top of the 

Xblocs® in the transition section. However, 

when the use of the heavy crane was 

rejected, this design to stabilise the Xblocs® 

with heavy cubes was also no longer possible. 

Other options were considered including using 

heavy in-situ filled grout bags. Ultimately the 

decision was taken to create a ¼ circle 

roundhead against the existing wall structure 

and lock in the Xblocs® firmly against this wall 

(Figure 4). Following placement of the Xbloc® 

roundhead, the remaining wedge is filled 

completely with Xblocs® thus reducing the 

impulsive wave forces on the wall. 

because it takes into account that the wave 

loads on the breakwater crest are significant 

owing to the low crest height (freeboard / design 

wave height = 0.76). The advantages of Xbase® 

units in this respect are that less surface area 

is exposed to the waves and they have a lower 

centre of gravity. Both these aspects reduce 

the chances of rocking and unit breakage. 

The 1.8 m3 Xbases® were cast in the same 

formwork as those used for production of  

the 2 m3 Xblocs®. One of the “noses” in  

the Xbloc® moulds was simply closed off.  

The design with Xbase® units on the crest  

was model tested in March 2007 and was 

found to be stable under all design and 

overload tests (wave height varying between 

Hs = 2.6 m and Hs = 5.3 m; 14 test series 

with durations of 3 hours in prototype scale). 

No notable rocking movements or settlements 

of the Xbase® layer were found (Figure 3).

tRAnsItIon FRoM cUBes to 
XBLocs® 
For budgetary reasons, only part of the 

breakwater works could be rehabilitated. 

Although the rest of the breakwater is 

Figure 3. Xbase® layer on the crest of the breakwater.
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tHe QUARRY AnD RocK tRAnsPoRt
Rock was brought in by rail from a quarry in 

the Kursebi area of Georgia, 120 km from the 

breakwater project at Poti. Prior to this project, 

the quarry produced small dimension stones 

and large size rock for cutting tiles. The original 

face of the quarry was some 125 m long with 

a maximum height of about 20 m. At the top 

of the quarry was a pasture with cows, some 

small trees and bushes and soft overburden. 

The rock was of a low quality. 

New surveys established the features (levels 

and distances) of the terrain and the borders 

of the concession. A survey was also used to 

design the haul roads and the development  

of the working faces in the mine. Trial holes 

were drilled with the drill crawler to check the 

thickness and the extent of overburden and 

bad rock layer at various places in the deposit.

The breakwater required rock materials for use 

as filter, core and underlayer. The following rock 

gradings were used:

• 2-50 mm filter stone

• 1-60 kg filter and work layer material

• 60-300 kg filter stone

• 300-1000 kg under layer

To keep the face height limited at the height 

of 20 m, a bench floor was created halfway 

and to maintain a proper working sequence, 

three working faces were created: for drilling 

and blasting; for selecting and loading the 

stones; and for cleaning and remedial work.

DRILLInG AnD BLAstInG
To meet the requirements for 60-300 and 

300-1000 kg stones, the blasting techniques 

previously used in the quarry were adjusted 

(i.e. increased burden, reduced spacing, 

Wedge of cubes removed by hammering; 

filled after construction with Xblocs® to 

reduce wave forces on wall.

Figure 4. One quarter (¼) circle roundhead 

at transition with existing cubes.

reduced column diameter so that the explosive 

ratio was reduced). The drill hole diameter was 

89 mm. The results of the drilling and blasting 

parameters were monitored in order to adjust 

the blast geometry and to obtain the optimum 

yield throughout the quarry operations (Figure 5).

Applying loosely poured ANFO (ammonium 

nitrate/fuel oil) commonly used for blasting was 

not an option as the drill holes contained water. 

Although the water could be blown out of the 

hole with air, the water returned before the round 

of explosives could be fired. Instead Gelignite 

(primed with a millisecond delay non-electric 

detonator) was placed in the drill hole. 

Fine aggregates were used to stem the top of 

the hole. Continuous checking with special 

rods during the loading of the explosives was 

conducted to ensure that the explosives were 

loaded at the correct level inside the drill hole. 

Initiations of the explosives were carried out 

with millisecond delay detonators on the 

vibration measurements that had been made 

during the test programme. Blasting occurred 

on average once or twice per week with an 

average production of 1200 tonne per day.

seLectInG LARGe stones
The required armour stones were selected 

from the blasted pile at the face and loaded 

onto a truck by an excavator fitted with a 

grab. The truck hauled the stones from the 

mine and tipped them into the stockpile area 

where they were then placed by a wheel 

loader in the various graded stockpiles.

Stones from the blast pile that were bigger than 

required (and consequently too big to handle) 

were left at the face. When the major of rock 

was removed and the cleaning of the face was 

begun, small holes were drilled into these large 

stones and measured amounts of explosives 

were inserted to break the stones into 2 or 3 

pieces. Inspection of the quality of these armour 

stones occurred at the face. Flat or elongated 

stones (with a ratio of L/d > 3.0) were placed 

aside and using a hydraulic excavator with a break 

hammer the stones were broken into pieces to 

improve their shape. These stones were then 

placed in the appropriate stockpile (Figure 6). 

Figure 6. Sketch of the stone 

selection process after blasting.

spacing

drill crawler

stemming

burden face height

column charge

bottom charge subgrade

Figure 5. Sketch of the blasting set-up.
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The integrity of the armour stone was also 

inspected: Stones with fractures or weak spots 

were put aside and here too, a hydraulic 

excavator fitted with a break hammer was 

used to break the stone at the fracture of the 

weak spot. These stones were then placed in 

the appropriate stockpile.

seLectInG coRe AnD sMALL 
ARMoUR RocKs
After removing the larger stones, the remaining 

stones were loaded into dump trucks and 

hauled to the selection plants. A drum screen 

was used for the major quantity of the rock 

selection, i.e. producing 0-1 kg, 1-60 kg, 

60-300 kg and 300-1,000 kg. The separated 

material fell into separated sections and a 

wheel loader then loaded the materials onto the 

road trucks travelling to the various graded 

stockpiles on the stockpile area (Figures 7 and 8). 

RocK tRAnsPoRt BY RAIL
The main transportation of the rock material 

was by rail. Once the stockpile of rock was 

sufficient at the quarries, the railway transport 

between the quarries and Poti was initiated. 

This process took place in three phases: 

-  from Kursabi to Gelati to Kutaisi, about 15 km 

on a single track

-  from Kutaisi to the Poti siding, about 100 km

-  from the Poti siding to the Offloading Yard, 

about 5 km

The railway had a small siding at Kursabi, 

suitable for about four wagons. At Kutaisi about 

twenty wagons were assembled for the daily 

transport to Poti. At the Poti siding the wagons 

were divided in two for the last part of the 

transport to the off-loading area. Upon arrival 

at the city of Poti, the rock was unloaded by 

tipping the so-called “duncan” wagons. Once 

dumped, the rock was loaded onto trucks of 6 

to 10 m3, which hauled the rock on the 

purpose-built construction road towards the 

stockpile area in the vicinity of the port (Figure 9). 

Figure 7. The Drum Screen, the crane and the dump truck.

Figure 8. Sketch of the 

separation of rock gradings 

through a drum screen.

Figure 9. Loading (left) and unloading (right) of rock 

from the railway transport wagons.
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During the breakwater construction, the rock was 

transported to the breakwater by four 16-m3 

trucks. These trucks passed a weighbridge 

before dumping their load directly onto one of 

two 1500-tonne barges. A Multi Purpose Vessel 

then moved these barges to the required 

location at the breakwater. The loaded barges 

were moored off on bollards on the inside of 

the breakwater where an excavator CAT375 

emptied the barges. The excavator deposited 

the material on the breakwater before it was 

placed in its designated layer. 

The rock destined for the Side Stone Dumping 

Vessel ARCA was transported from the stockpile, 

over the weighbridge by the same four 16 m3 

trucks. This rock was hauled to a loading wall 

near the mooring quay of the SSDV ARCA. 

XBLoc® PRoDUctIon

Moulds and Concrete Pouring
Using 30 steel Xbloc® moulds that were produced 

in the Netherlands and transported to Georgia 

by road, the Xblocs® were cast on site. The 

moulds were filled directly from concrete mixing 

trucks, which reached the moulds by means 

of an elevated roadway. The trucks were filled 

under a batching plant at close distance from 

the production site. The moulds consist of two 

identical mould halves, so that each mould 

half could be connected to the other mould 

half. This optimised the production cycle 

because two adjacent mould halves could be 

turned around, connected and filled again 

immediately after striking the mould from a 

completed block. This casting method allowed 

a production speed of one Xbloc® per mould 

per day. The units were then left in place for 

two days before being transported to the 

storage area. 

Concrete Mix and Investigations
The concrete mix for the production of the 

Xblocs® was based on locally available 

sulphate resistant Portland cement. On paper 

this mix design seemed suitable for achieving 

the concrete grade required for the Xbloc® 

production (C25/30). In fact, cube and cylinder 

compression tests indicated that the concrete 

strength development was very slow and that 

after 28 days strengths were lower than 

expected. The cement was therefore investigated 

in more detail in a specialised laboratory in 

The Netherlands. These analyses showed that 

the cement contained a relatively low quantity 

of Alite (C3S; responsible for early concrete 

strength development) and a high quantity of 

Belite (C2S; generating concrete strength later 

in the hardening process). Compared to 

common Dutch cement which contains about 

60% Alite and 10% Belite, the cement used 

in Poti contains 40% Alite and 30% Belite. 

In addition, the compressive strength 

development of the cement was tested over a 

90-day period at temperatures of 20°C and 

8°C (Figure 11). These results were compared 
to the strength development of more standard 

type Dutch cement at the same temperatures. 

The test results indicated that the strength 

development of the Georgian cement, especially 

at low temperatures, was indeed slow, but that 

the strength increased significantly between 

28 days and 90 days.

Figure 10. Xblocs® being poured from 

concrete mixing truck.

Figure 11. Compressive Strength at 8°C and 20°C.



As a result of this slow concrete strength 

development early on, some units were 

observed with settlement and shrinkage 

cracks (slow strength development leads to a 

longer plastic period and hence to more time 

for cracks to develop). These cracks were 

encountered either in the top surfaces of the 

units (shrinkage cracks) or in the “arm pits” 

and “thighs” of the units (settlement cracks). 

To test the robustness of these units, several 

units were subjected to drop tests on a solid 

concrete floor covered by a steel plate (Figure 12). 

Although the drop tests were done with units 

that were considered to be the more severe 

units, no damage was caused by the drop tests 

in which units were dropped on a leg with fall 

heights increasing in increments of 5 cm, up to 

a fall height of 50 cm. Other units were rolled 

over 25 times.

PRePARAtIon oF BReAKWAteR  
AnD RocK PLAceMent
To create a platform for the new construction, 

first some 8,200 cubic metres of old concrete 

cubes had to be removed. The average weight 

of the cubes was approximately 60 tonne per 

piece and they were of varying quality. Lifting 

these cubes was considered a potentially unsafe 

operation, and a safer solution was found 

which consisted of destroying the blocks in a 

controlled manner using hydraulic hammers. 

Rammer 100s hammers mounted on a 

CAT330 and a CAT375 long reach excavators 

were used. The hammers with a working 

weight of 4 tonne were equipped with pointed 

chisels of 10-cm in diameter (Figure 13). 

When the first machinery entered the 

breakwater, the first job was to create a 

working space by hammering a path through 

the cubes. The hammers of the excavators 

were aimed perpendicular to the cubes 

surfaces to constantly break the cubes into 

smaller pieces, e.g., concrete fragments of 

approximately half a metre. As the excavators 

moved over the hammered material they broke 

these into even smaller pieces. The resulting 

material was not removed but simply fell into 

the voids between the remaining cubes.  

The cubes above a level of one metre CD 

were removed in this way at an average rate 

of 400 m3 per 24 hours. 

The hammering rate at the two ¼ roundheads 

was considerably slower because in these 

sections the cubes had to be removed down 

to a level of –3.50 m CD, that is below the 

water line. To be able to function underwater, 

the hammers were equipped with an air 

compressor (7 bar, 4 m3/min) to ensure the 

recoil chamber did not fill up with water, but 

regardless, hammering underwater was more 

difficult because visibility is limited.  

Placing Rock Layers
The placement of the different gradations of 

rock can be divided into two construction 

methods namely 

1)  with land-based machinery; and 

2)  with the SSDV ARCA (Figure 14). 

Because the ARCA can operate in shallow 

water (2.6 m) and because of the long-reach 

capability of the excavator (21 m), these two 

types of equipment were able to cover each 

others working area. 

The ARCA works with a multi conveyor-belt 

dumping system. The loading deck consists of 

six pairs of conveyor-belts which are separated 

by five coamings. The conveyors work 

perpendicular to the vessels hull. Upon arrival 

at the dumping site, the conveyor belts are 

started and the loaded material is moved from 

the deck into the water. A DGPS system 

ensures the correct position for dumping and 

sailing speed during the dumping. The vessel 

can carry 550 tonnes of rock and she did a 
maximum of four trips in a 12-hour working day.

The excavator used for the actual construction 

of the breakwater was CAT375 equipped with 

the Boskalis Crane Monitoring System (CMS) 

based on GPS. This system enables the 

operator to view the design and the location 

of the bucket of the machine in real time on a 

screen in the cabin. With the CMS the operator 

knows exactly how much rock needs to be 

applied or removed. This type of system is 

considered indispensable in all underwater 

works and especially in bends and roundheads. 

The first two rock layers have been applied on 

the seabed with the ARCA. These filter layers 

(2-50 mm and 1-60 kg) were placed against 

the existing breakwater. From the breakwater 

the long reach excavator applied the next 

layer (60-300 kg) on top of the filter layer 

against the breakwater slope. Once this layer 

was fully applied, the next layers (1-300 kg 

Figure 12. Set-up for the drop tests.

Figure 13. Destruction of the old blocks 

in a controlled manner using hydraulic 

hammers.



and 300-1000 kg) were placed by the 

excavator. The 300-1000 kg layer was applied 

on top of the filter layers in the berm and 

against the slope, creating an under layer for 

the Xblocs. Finally the 60-300 kg layer in the 

breakwater toe was placed by the ARCA.

Leaving the finer rock layers exposed to 

potential storms was considered to be risky, 

so these layers had to be covered as quickly as 

possible. Planning of the various placement 

operations was therefore crucial. Once the 

joint effort to create a seamless underwater 

construction was finished, the excavator  

was able to finish placing the last rock layer 

(300-1000) from the slope over the top of  

the breakwater.

XBLoc® PLAceMent
Prior to the Xbloc® placement a computer model 

was prepared to determine the locations of  

all the units to be placed. The units in the 

lowest row were placed on three points.  

The other blocks were placed with one leg 

pointing downwards so that the blocks easily 

find their position in between the units of the 

previous row. 

The Xblocs® were transported by barge from 

the storage area to the breakwater where 

they were unloaded by excavator and placed 

with the CAT375 long boom excavator 

equipped with the Boskalis Crane Monitoring 

System (CMA). This system enables the crane 

operator to know the position of the boom 

and accurately release the units at their 

predefined location (Figure 15).

As the placement accuracy of the first two 

rows affects the ease of placement of the 

remaining rows, diver inspections were carried 

out after the first and second rows. Because 

of the crane monitoring system, the effective 

After a short interruption of the construction 

during the Russian-Georgian conflict in 
August 2008, when the contractor temporarily 

left the site, construction was re-started in 

September 2008. When the Xbloc® placement 

was completed, the remaining wedges 

between the Xblocs®, the cubes and the wall 

structure were filled with Xblocs®. Finally the 

breakwater crest was covered with the Xbase® 

units and in October 2008 the rehabilitation 

project was completed.

CONCLUSIONS

The breakwater rehabilitation at Poti, 

Georgia, with concrete armour units was  

a necessary and economical solution to  

the long-standing deterioration of the old 

cube breakwater built originally in the  

19th century. The old breakwater had  

been repeatedly repaired but this need  

for maintenance was insufficient and  

caused frequent down-time at the  

port. 

The use of single layer units like Xbloc® and 

Xbase® armour units provided an economical 

solution compared with the traditional solution 

of reinforcing and modernising the breakwater 

with large rocks. In the long term the solution 

of using single layer units will also reduce the 

need for constant maintenance. Consequently, 

this will limit the port’s down-time caused by 

overtopping waves and thus improve the 

overall economic viability of the port. 
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quick release hook and the simplicity of the 

Xbloc® placement procedure, high placement 

rates were obtained of approximately 20 units 

per hour below the water line and up to  

40 units per hour above the water line. 

Although occasionally some armour units 

broke during the placement operation by their 

impact against other units, with a breakage 

rate of less than 0.5% the amount of broken 

units was very limited.

Figure 14. The ARCA at work

during rock placement.

Figure 15. Xbloc® 

placement with 

the crane.
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ABSTRACT

The dredging process is characterised by the 

strong influence of soil properties, which vary 

with changing excavation locations. For 

optimising the dredging production and energy 

consumption, knowledge of these properties 

is necessary. The problem is that many of 

these soil properties are not measured or are 

very difficult to measure. By taking soil samples, 

a raw indication can be reached, but this does 

not cover the total dredging area. 

Equipment for measuring the properties online 

are complex and, if available at all, too expensive 

to use. As a less expensive alternative, estimation 

methods based on knowledge obtained with 

the development of training simulators in the 

last decade were used here. For these training 

simulators, sophisticated soil models, together 

with the dredging equipment, are modelled to 

simulate the dredging process dynamically. By 

using specific soil parameters, the dredging 

dynamics can be forecasted accurately. 

In this article a novel approach for the dredging 

industry is presented, one which uses the models 

in an inversed way: Using the models and the 

measurement data to estimate the soil type 

dependent parameters. To obtain this objective, 

several advanced filters have been successfully 

implemented and tested in practice. Examples 

are recursive least squares filtering, linear Kalman 

filters and more complex techniques such as 

the extended Kalman filter and the Particle 

filter. Four estimation examples are described 

and the advantages of controlling the process 

control for estimating: 1) the mean grain size 

of the dredged soil; 2) the overflow losses;  

3) the dredging forces; and 4) the anchor 

positions. The use in practice of the 

immeasurable will be described as well as 

future developments.

The author wishes to thank J. Osnabrugge, 

Engineer R&D and C. de Keizer, Manager R&D, 

both of IHC Systems for their collaboration on 

this work. This article appeared in the CEDA 

Dredging Days Proceedings 2009 and is 

reprinted here with permission in a slightly 

adapted version.

INTRODUCTION

The dredging process is characterised by strong 

nonlinear system behaviour. This behaviour 

Above: Side winches of a CSD. Anchor position 

estimators were placed on several cutters. The anchor 

position effects the angles of the side winches which then 

effects the swing speed and production of the dredger.

has been extensively studied and modelled 

(Jufin, 1966; Miedema, 1987; Matoušek, 1997; 

van Rhee, 2002) mostly with static models and 

lately also with dynamic models. In general, 

these models describe the physical behaviour 

and are parameterised in terms of the geometric 

properties and the physical properties. Usually, 

these models are used for predicting the system 

behaviour assuming that all the necessary soil 

characteristics are known or measured. Several 

laboratory or field experiments are available to 

obtain the parameters such as sieving a sample 

of sand or performing a penetration test.

For the purpose of control, these models  

can be used in a completely different manner. 

Instead of predicting the system behaviour 

based on complete knowledge of the soil 

properties, the soil properties are predicted or 

estimated by measuring the system behaviour 

(Figure 1).

MoDeL-BAseD contRoL DesIGn 
AnD MoDeL-BAseD contRoL
The goal here is optimising the dredging 

performance with the use of control and 

automation systems onboard dredgers. During 

the operation of the ship, the type of soil type 

being dredged is unknown, which makes the 

use of the models impossible since the soil 

type parameters are unknown. 
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IADC AWARD 2009 PRESENTED

AT CEDA DREDGING DAYS, 

ROTTERDAM, THE NETHERLANDS

NOVEMBER 4-6 2009

An IADC Best Paper Award was presented at CEDA 

Dredging Days 2009 in Rotterdam to Jelmer Braaksma. 

After obtaining his M.Sc. degree in Electrical Engineering 

from the Delft University of Technology, the Netherlands 

in 2003 at the control laboratory, he received his Ph.D. 

from the same university in 2008. His Ph.D. research was 

focussed on the model-based optimisation of hopper 

dredgers. Since September 2007, he has been employed 

at IHC Systems, where he continues the research on the 

model-based optimisation of hopper dredgers within the 

research project called “Smart Dredgers”. 

Each year at selected conferences, the International 

Association of Dredging Companies grants awards for  

the best papers written by younger authors. In each case 

the Conference Paper Committee is asked to recommend 

a prizewinner whose paper makes a significant 

contribution to understanding important theoretical  

or practical aspects of dredging and related fields.  

The purpose of the IADC Award is “to stimulate the 

promotion of new ideas and encourage younger  

men and women in the dredging industry”. The winner  

of an IADC Award receives € 1000 and a certificate  

of recognition and the paper may then be published  

in Terra et Aqua.

IADC Secretary General Constantijn Dolmans (right) 

congratulates Jelmer Braaksma upon receiving the 

IADC Award for the Best Paper by a Young Author 

(photo courtesy of Tony Slinn).

Why are models needed for 
controlling the dredgers?
•  Nonlinear system behaviour. Owing to the 

strong nonlinear system behaviour of the 

dredging process, the standard linear 

controllers such as a PID-controller do not 

give the desired performance. The design of 

advanced control techniques often relies on 

dynamic models. A common approach is 

model-based control design where the model 

is used for deriving the controller. Models can 

also be part of the controller (model-based 
control), which is the case in adaptive control.

•  Virtual sensors. The dredging process is a 

hostile environment for sensitive equipment 

such as sensors. The normal off-the-shelf 

sensors must be “ruggedised” which makes 

them expensive. Also some physical properties 

are very hard to measure reliably. Therefore 

whenever possible estimating the variable 

instead of measuring it is desirable. This 

requires an accurate model of the process.

•  Process optimisation. The ultimate goal for 

a dredger is maximising the profit while 

respecting the constraints of the equipment 

and environment. The system behaviour  

can be predicted with the use of models.  

In this way the optimal control strategy can 

be found by calculating the effect of many 

possible strategies. This so-called Model 

Predictive Control (MPC) technique 

maximises the performance of the dredger 

(Braaksma, 2008).

•  Decision support. A decision support system 

can help the operator maximising the 

performance by using models (see previous 

bullet). Furthermore, estimation of the soil 

parameters such as the grain diameter can 

be used for the development of advanced 

wear models of the pumps, pipes and 

valves. These wear models may be used for 

lifetime prediction on behalf of preventive/

scheduled maintenance. 

Most of these models need soil parameters for 

accurate prediction of the process. Therefore  

in order to use them online, these parameters 

must be estimated online. This article presents  

a selection of estimation techniques that are 

implemented in IHC automation systems or 

techniques that will be implemented in the 

future dredging automation equipment.

 

oVeRFLoW Loss estIMAtoR
Overflow losses play an important role in the 

dredging process of a trailing suction hopper 

dredger (TSHD). The losses have a negative 

influence on the dredging performance, therefore 

an operator must constantly monitor whether  

the losses are not becoming too large. Stricter 

environmental legislations require that the 

overflow losses must be limited especially in  

areas of fragile ecosystems. On the other end of 

the spectrum is agitation dredging where the  

overflow losses are kept intentionally high to 

discharge the fine-grained fraction which can then 

be transported and permanently deposited outside 

the channel by tidal, river or littoral currents.

Measuring the density and the mixture  

velocity in or near the overflow weir is a 

technical challenge. The turbulent mixture  

flow encapsulates air bubbles that distort the 

measurement. Moreover, placing sensors in  

the hostile environment near the overflow 

requires much maintenance and a rugged 

housing. Since the density is usually measured 

with a radioactive measurements device, this 

requires qualified and skilled personnel and 

sufficient precautions to avoid accidents.

 

To overcome these difficulties, an estimator  

for the overflow losses was developed which  

only requires sensors already available on  

every modern hopper dredger. The method  

is a model-based approach based on only the 

balance equations. In the hopper a mixture 

Figure 1. Two different applications 

of the same model. Top: predicting 

the system behaviour based on 

measured soil properties. 

Bottom: the model is uses inversely 

for predicting the soil properties 

based on the measured system 

behaviour.
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with density ρ
i
 and flow-rate Q

i
 is discharged. 

This fills the hopper until the mixture level 

reaches the height of the overflow weir.  

Then, a mixture of sand and water flows out 

of the hopper through the overflow weir with 

density ρ
o
 and flow-rate Q

o
. This is described 

with the following balance equations:

 

       (1)
  

where V
t
 is the mixture volume and m

t
 is the 

total mass of sand and water in the hopper. 

Modern TSHD are equipped with draught 

sensors which are used to calculate m
t
 and 

level sensors in the hopper to calculate V
t
. 

Furthermore, a sensor is available for measuring 

the incoming density ρ
i
 and a sensor for 

measuring the flow-rate Q
i
. This means that in 

equation 1 only ρ
o
 and flow-rate Q

o
 are unknown.

The Estimation Problem
The estimation problem is to estimate the 

outgoing density and the outgoing flow-rate. 

For that equation 1 was discretised by using  

the Euler method:

 

       (2) 
 

where T
s
 is the sampling period. These state 

equations are augmented with a random walk 

model for ρ
o
 and Q

o
. Assuming the most 

general state-space model:

and defining the augmented state, input and 

output vector:

This estimation problem is nonlinear, therefore 

nonlinear estimation techniques such as the 

Extended Kalman Filter (EKF), Uncented 

Kalman Filter (UKF) or a Particle Filter (PF) 

must be applied (see Welch, G. and Bishop, G., 

2002 for a general introduction into Kalman 

Filters and Arulampalam et al., 2002 for a 

tutorial on the PF). It was found that an EKF 

or an UKF cannot simultaneously estimate ρ
o
 

and Q
o
 (Babuška et al., 2006 and Lendek et al., 

2008). Therefore a PF is used to solve the 

estimation problem (see Babuška et al., 2006). 

This algorithm is implemented in the Draught 

and Loading Monitor (DLM) software for online 

estimation of the overflow losses used here. 

With the two estimations, the so-called “load 

efficiency” is calculated as follows:

 

Loadeff  

with

 

where ρ
w
 is the density of water and ρ

q
 is the 

density of sand (quartz). This load efficiency 

indicates to the operator which percentage of 

incoming sand flows overboard. This enables 

the operator to monitor the instantaneous 

hopper load efficiency.

Measurement Results
The algorithm is first tested on a simulation 

model and tested with measured data. These 

results can be found in Babuška et al. (2006) 

and Lendek et al. (2008). This section shows 

the results of the filter working online on 

board a medium-sized hopper dredger during 

her first sea trials. 

The dredging cycle shown in these figures 

consists of three phases: no overflow phase, 

constant volume phase and constant tonnage 

phase. In the first phase, nothing is flowing 

overboard and thus the outgoing flow-rate is 

zero. In the second phase material starts 

flowing overboard. During this phase the 

mixture volume in the hopper remains 

constant and thus on average the outgoing 

flow-rate equals the incoming as can be seen 

in Figure 2. Finally, in the third (constant 

tonnage) phase the overflow is lowered to 

maintain the maximum draught. In this phase 

the outgoing flow-rate becomes larger than 

the incoming flow-rate as the total mixture 

volume in the hopper decreases.

 

The soil type in the dredging area is medium/

coarse sand, therefore the overflow losses are 
small. Figure 2 shows that in the beginning the 

outgoing density is approximately 1080 kg/m3. 

The sand bed reaches the overflow height at the 

end of the dredging cycle. As a consequence 

the overflow density increases. When these 

losses become too large it is not economical 

to continue and the dredger should sail to the 

discharge area.

NOMENCLATURE

C
T
 transportation coefficient

d discharge-pipeline diameter

d
m
 mean-grain diameter

e error

f state transition function

g     gravity acceleration

h measurement function

H
disc

 discharge pressure

k discrete time step k

L discharge-pipeline length

L
ps

 measured length port side winch

L
sb

 measured length starboard side winch

m
t
 total mass of sand and water in hopper

p
0
 atmospheric pressure

Q flow in the discharge-pipeline 

Q
i
 incoming flow in hopper

Q
o
 outgoing flow through overflow weir

R
f
 swing radius

S discharge-pipeline section

T
s
 sample time

u input

v speed in the discharge-pipeline

v
kr
 critical speed in the discharge-pipeline

V
t
 total volume of sand and water in hopper

x state

X number of segments

y output

α weighting factor 

α
ps

 angle of port side winch

α
sb

 angle of starboard side winch

ΔH
het

 heterogeneous pressure losses

ΔH
hom

 homogeneous pressure losses

ΔH
l
 pressure-losses in the discharge-pipeline

ΔH
w
 losses in the discharge-pipeline for water 

ε
k
 process noise

ε
yk

 measurement noise

λ friction coefficient 

ρ mean-density in the discharge-pipeline

ρ
g
 mean-grain density

ρ
i
 incoming density of mixture in hopper

ρ
o
 outgoing density through overflow weir

ρ
w
 water density

ψ swing angle

.

,

the complete nonlinear state-space 

representation becomes:

.

.

.
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tRAIL FoRce estIMAtIon In DP/Dt 
AnD tHe tRAIL sPeeD contRoLLeR
The dredging forces during the trailing of TSHD 

are caused mainly by the cutting force of the 

draghead. This cutting theory has been studied 

by Miedema (1987). The cutting force depends 

on the soil type, permeability and dredging depth. 

These parameters are not exactly known during 

the dredging process. Moreover, these properties 

vary from place to place. For a dynamic 

positioning and dynamic track controlling 

system knowing the dredging forces is of vital 

importance, therefore estimation techniques 

were utilised to accomplish this.

Smart Draghead-Pull-Sensor in Dynamic 
Positioning and Dynamic Tracking
During dredging, it is of major importance to 

keep your track and maintain the optimal 

dredging speed. The force caused by the drag-

head such as the cutting force pulls on the side 

of the ship. This dredging force may become 

so large that 100% of the available propulsion 

power is necessary whereas only 5 to 10% is 

required for maintaining a ship speed of 2 to 

3 knots without dredging. Dredging can lead 

to an increase of power up to 10 times.

An accurate Dynamic Positioning and Dynamic 

Tracking (DpDt) system requires measuring the 

dredging forces that act upon the dredging 

pipe and draghead. This measurement is then 

used in the DpDt system to immediately 

compensate these forces by adjusting the 

actuating propellers, rudders and bow-thrusters, 

before the track deviation or speed deviation 

is even measured. This improves the tracking 

performance significantly.

Unfortunately, the dredging forces are difficult 

to measure. Usually these are measured in the 

two pins of the upper hinge of the suction 

tube (Figure 3). This is not the actual pulling 

force as the figure shows. Calculating this 

involves many compensations, e.g.,  

for the weight of the suction pipe, the  

mass of the dredged mixture, tension  

in the hoisting wires and so on. These 

compensations make the calculation  

prone to sensor errors and sensor 

inaccuracy. Calibrating the 

sensors regularly helps prevent 

inaccuracy, but reliability is still 

an issue. As a consequence of 

dredging in a hostile 

environment, the expensive 

force sensors need to be 

replaced regularly.

Current and Draghead Force Estimation
The reliability issue was solved by combining 

advanced techniques such as model-based 

estimation, filtering and adaptation to the 

changing dredging forces. An extended 

Kalman filter (EKF) is used, which uses an 

accurate model of the dynamics of ship and 

the disturbances such as wind and current. 

Internally the estimates of the position, speed 

and heading are compared with the 

measurements. The error is used to adapt the 

estimates for the current and the dredging 

forces. The patented adaptation algorithm 

makes a distinction between calibration errors 

and the disturbance forces such as the current 

and dredging forces. This distinction can be 

made because of the prior knowledge that 

dredging forces vary rapidly and current forces 

vary slowly. High accuracy is guaranteed as is 

shown in (IHC Systems, 1996).

 

New Measurement Principle
Although the previous section described how 

the reliability issue was solved, the force 

estimation still relies on the measurement  

pins that are vulnerable and need to be 

changed regularly. This has been solved by  

a measurement principle that uses the 

differential pressure over the draghead  

(IHC Systems, 1997). Figure 4 shows a 

comparison between the differential pressure 

over the draghead (thin solid line) and the 

dredge force (dotted line).

Figure 2. Results of the overflow loss 

estimator during the sea-trials of a 

recently built hopper dredger. 

Left: the incoming and the estimated 

outgoing flow-rate. Right: the incoming 

and the estimated outgoing density.

Figure 3. Forces acting on suction tube.

Figure 4. Relation between differential pressure and dredge head pull (time-scale = 5000 sec.).



At first glance the signals look similar, however, 

careful investigation shows that the relationship 

varies as a result of varying soil type, the use 

of jet water, pumping speed and sharpness of 

the draghead teeth and so on. Fortunately the 

EKF described in the section above on “Current 

and Draghead Force Estimation” is robust 

enough to cope with the inaccuracy of using 

the pressure difference. Sea trials did not show 

any noticeable performance degradation. And 

even if there were any differences, the increase 

in reliability, because of the absence of the 

measurement pins, favours the new approach.

Force Estimation in the Trail Speed 
Controller
The trail speed controller (TSC) is used to 

maintain a constant trail speed during dredging. 

Therefore, the ship navigator only needs to 

focus on navigating and monitoring the 

dredging process. This is especially the case 

on board ships with a one-person bridge. The 

second advantage is that the excavation height 

will be constant for a constant production-rate. 

The control problem for the TSC is much 

simpler than that of DpDt, because the TSC 

controls only the longitudinal speed. Therefore 

only the propeller pitches are actuated. Figure 5 

shows a schematic overview of the control 

implementation. The controller structure is a 

classical combination of feedback and feed-

forward. The estimation of the “Dredge 

force” is comparable with the method of the 

section “Smart Draghead-Pull-Sensor in 

Dynamic Positioning and Dynamic Tracking”. 

Figure 6 shows the measurement results of a 

TSHD during sea trials. The lefthand figure 

shows the tracking performance of the TSC 

and the righthand figure shows the dredge 

force estimation. When the draghead is lifted 

from the seabed, the estimation freezes which 

can be seen in the figure.  

GRAIn sIZe estIMAtoR
An important soil property for the dredging 

process, and in particular for the hydraulic 

transport process, is the mean grain diameter d
m
 

of the dredged material. The behaviour of the 

dredge pumps and pipes are significantly 

influenced by the grain diameter. If the grain 

diameter is known, the production of the 

discharge process can for example be optimised 

(Braaksma, 2007, part 2). Furthermore the grain 

diameter can be used for the development of 

advanced wear models of the pumps, pipes 

and valves. These wear models may be used 

for lifetime prediction on behalf of preventive/

scheduled maintenance and also for improving 

the design of pumps and pipes. 

This section describes how to estimate the 

mean grain diameter online by means of a 

simple model of the discharge process. In this 

model, a nonlinear behaviour is introduced by 

the pressure-losses in the pipelines. Such losses 

can be thought as a linear combination of 

homogeneous and heterogeneous losses, by 

means of a weighting factor α. In the model 

introduced here, only two parameters need  

to be estimated: the factor α and the grain 

diameter d
m
. For the estimation of such 

unknown parameters, an extended Kalman 

filter (EKF) has been designed. The EKF has 

been chosen, since it has a recursive 

formulation, which makes it an efficient 

implementation, and it naturally handles the 

uncertainties in the process itself and in the 

measured signals. The only measurements 

needed for the EKF are mixture flow, mixture 

density and the discharge pressure. The tests, 

carried out onboard several cutter suction 

dredgers (CSD), have proven the effectiveness 

of the proposed estimation scheme.

The Estimation Problem
A simplified model of the discharge process in 

the pipeline is given by the following equations:

The evolution in time of the flow in the 

discharge-pipeline can be described by the 

second-law of dynamics as

 

The pressure-losses in the discharge-pipeline 

can be reasonably expressed as a weighted 

average of homogeneous losses ΔH
hom

 and 

heterogeneous losses ΔH
het

, by means of a 

weighting factor α, which takes values in the 

range [0,1].

 

Both homogeneous and heterogeneous losses 

can be conveniently expressed as a function 

of the losses due to pure water flowing into 

the pipeline

 

by using a proper correction factor. For 

homogeneous losses, such a factor depends 

on the mixture density 

 

whereas, for heterogeneous losses, it depends on 

the critical speed v
kr
 according to the formula of 

Jufin-Lopatin (Jufin, A. P. and Lopatin, N. A., 

1966)

Figure 5. Schematic overview of the Trail Speed Controller.

Figure 6. Measurement results of the Trail Speed Controller. Left: tracking performance, right: dredge force estimation.
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The critical speed is given by

 

where C
T
 is the transportation coefficient and 

is defined as

 

From the previous equations, a continuous-time 

state-space representation of the discharge 

process can be determined, if the following 

positions are made:

     

It can be noticed that the state vector of  

the system (first-order dynamics in this  

case) has been extended, by including the 

unknown parameters in the system model. 

The continuous-time state-space representation 

must be discretised, in order to design a proper 

estimation scheme. The discrete-time state-space 

model can be written in the general form:

 

Given a process that can be described by a linear 

stochastic discrete-time model, the Kalman filter 

represents the optimal recursive solution to the 

discrete-data linear filtering problem. In other 

words, the Kalman filter provides an optimal 

estimate of the state of the system, given the 

measurements of the input and output signals. 

The filter estimate is optimal in the sense that 

it minimises the estimate error covariance.

Since the model of the process is nonlinear  

in the state and input variables, the design  

of a Kalman filter, for the estimation of the 

state, cannot be directly accomplished. As a 

preliminary step, it is necessary to linearise 

such a model around the most recent state 

estimate. Then, the filter can be designed with 

respect to the linearised system. This design 

procedure is known as “Extended Kalman Filter”. 

Compared to other estimation schemes, the 

Kalman filter has several advantages: (1) it is 

computationally efficient because of its 

recursive formulation; (2) it has a simple and 

intuitive structure in the form of a predictor-

corrector; and (3) it directly takes into account 

model uncertainties and noise.

In the model of the discharge-pipeline being 

used here, the mean density in the discharge 

pipeline has been considered as input. However, 

the mean density in the pipeline cannot be 

directly measured, but only the density injected 

at the beginning of the discharge pipeline. 

The problem is, then, how to determine the 

mean density in the pipeline, given the density 

of the mixture which enters the discharge 

pipeline. In such a calculation, the phenomenon 

of density propagation along the discharge-

pipeline must be taken into account, because, 

for the typical lengths of the pipelines (several km) 

and the typical speeds of the flow (4-7 m/s), 

the corresponding time-constants are not 

negligible.

The propagation can be taken into account in 

different ways (first-order filter, second-order 

delay-model with three time-constants,  

“finite-element-like” approach). The simulations 

and experimental results suggest that the 

effectiveness of the proposed approach based 

on Kalman filtering is, to a certainly extent, 

independent from the model used for the 

density propagation.

Experimental Results
The experimental data have been recorded 

during a dredging session on the CSD Rubens, 
while working in the Deurganckdok (nearby 

Doel, Belgium). The pipeline is made up of 

three segments with the following lengths 

and diameters:

• Segment I (SB pump to driver):    

 L
1
 = 100 m d

1
 = 850 mm 

• Segment II (driver):    

  L
2
 = 660 m d

2
 = 850 mm 

• Segment III (pipeline on land):    

  L
3
 = 7060 m d

3
 = 900 mm 

For the dredged soil a mean diameter of 

about 285 mm has been measured. Since for 

this data-set, the measurements of the losses 

were not provided, when pumping only water 

into the pipeline, the value λ = 0.01045 was 

assumed for the friction coefficient.

In Figure 7, the recorded tracks of the discharge 

pressure H
disc 

, the flow Q, and the density 

injected into the pipeline ρ
m  

are reported. 

These quantities represent the measured 

signals used by the Kalman filter for the 

estimation of the mean-grain-diameter.

 

Here the evolution in time of the estimate of the 

mean-grain-diameter (and the corresponding 

estimation error), as provided by the extended 

Kalman filter, are reported. From Figure 8, one 

can see that the estimate nicely converges to 

a boundary region around the measured value 

of the grain diameter. Also note that the 

convergence is quite slow, but this is something 

that cannot be avoided, since it is owing to the 

slow dynamics of the discharge pipeline itself 

(this was also evident from the simulation 

results). Of course, with a different tuning of 
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the user-defined parameters of the Kalman 

filter (covariance matrices), the convergence 

properties of the filter can be affected, but 

they cannot be changed dramatically. 

 

One can better see from Table I, what is also 

suggested by Figure 8: the extended Kalman 

filter is able to achieve a good accuracy (the 

results are comparable to those achieved in 

simulations).

Subsequently, the Kalman filter was also run 

without down-sampling the data (Ts
 = 5s), 

and with a different tuning for the covariance 

matrix of the measurements (a higher value has 

been used, in order to have a smooth estimate). 

It can be seen from Figure 9, that the estimate 

converges very close to the real mean grain 

diameter, also with this different setting. This is 

also confirmed by the relative error (Table II).

Comparing Figure 8 and Figure 9, it is clear that 

the overshoot is definitely less pronounced in 

the second case. 

For the available experimental data, it has been 

found that the estimated value of the weighting 

factor α is very small (as also was found in 

simulation). As a consequence, a simplified model, 

considering only the heterogeneous losses can 

be conveniently used. However, it is likely 

that, under different experimental conditions 

(different grain diameters), the model based 

on both homogeneous and heterogeneous 

losses will outperform the simplified model 

based only on heterogeneous losses.

For the considered experimental data the 

performance of the extended Kalman filter 

was satisfactorily. Regarding the performance 

the following remarks are important: 

•  The pipeline layout (pipe lengths and 

diameters, geometric height difference) 

should be well known. 

•  The accuracy of the estimated friction 

coefficient is a critical factor, since it deeply 

influences the outcome of the mean grain 

diameter estimation. Moreover, during 

dredging generally it is not common to 

pump water into the discharge-pipeline,  

if not at the end of the dredging session, 

when it is needed for cleaning the pipeline. 

This obviously limits the availability of data 

for the estimation of the friction coefficient. 

•  The used equations are only valid for sand 

with a maximum grain size of 2 or 3 mm. For 

other soil types or grain sizes the estimated 

grain diameter will not be reliable anymore.

•  Furthermore, the used equations are only 

valid if no or less sedimentation is present  

in de pipeline. A significant amount of 

sedimentation in the pipeline will result  

in a higher estimated grain diameter. 

AncHoR PosItIon estIMAtoR
Regarding the dredge process of a CSD the 

anchor positions are of great importance.  

If the anchors lie too far backwards of the 

dredger the angles of the side winches will  

be unfavourable and the effective side winch 

force will be limiting the swing speed (i.e.,  

the production). Especially at the end of the 

swing the CSD can get stuck due to the  

worse angle of the hauling side winch. 
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Figure 8. Measured value of the mean grain diameter (continuous constant value) and the estimated mean diameter (continuous lines with dots), 

and the corresponding estimation error for T
s
 = 50 s.
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Table I. The real mean diameter [μm], the estimated mean diameter [μm] and 
the relative percentile error [%] averaged over the last 10 samples (=500s).

Real mean diameter [mm] Estimated mean diameter [mm]  Relative error [%] 

285 312 9.4

Table II. The real mean diameter [μm], the estimated mean diameter [μm] and 
the relative percentile error [%] averaged over the last 100 samples (=500s).

Real mean diameter [mm] Estimated mean diameter [mm]  Relative error [%] 

285 309 8.4
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Figure 9. Measured value of the mean grain diameter (continuous constant value) and the estimated mean diameter (continuous lines with dots),  

and the corresponding estimation error for T
s
 = 5 s.
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Furthermore, when the local ground condition  

at the seabed around the anchor is poor, the 

anchor can not get enough grip and will move 

during the swing movement of the dredger  

(i.e. dragging of the anchor). It is important the 

dredge master quickly notices this dragging. 

In this section the online estimation of the 

anchor positions is discussed. The anchor 

position estimator is implemented and in use 

onboard several CSDs. The estimator gives an 

advice to the dredge master when to reposition 

the anchors and also detects dragging of the 

anchors. Figure 10 shows a top view of a  

CSD with the estimated anchor positions as 

presented to the dredge master. 

The anchor position estimator computes the 

position of the anchors in a polar coordinates 

system, with the main spud as origin, and the 

angular position evaluated with respect to the 

centre line (Figure 11). The choice of such a 

reference system can be convenient, since the 

swinging motion can be naturally described 

with the same polar coordinates.

The computations are based on a batch 

algorithm which tries to minimise the mean 

square error (MSE) between the measured Li
 

and estimated 
^

L
i
 length of the side winches, 

over a prescribed number of samples N
s
 as 

defined by the size of the batch.

 

The estimated wire length calculation is based 

on the following geometric relations:

 

where i = sb, ps and R
i 
, g

i
 are the polar 

coordinates of the considered anchor, R
f
 is the 

swing radius (distance between the main spud 

and the wire sheaves on the ladder) and ψ is 

the swing angle.

The minimisation algorithm has been 

implemented in an approximated form. At 

each time step, first, a regular grid of points 

around the current estimate of the anchor 

position is determined. The grid shape may be 

circular or square. Next, the mean square error 

is evaluated for each point of the grid, and the 

point with the lowest error provides the new 

estimate for the anchor position (Figure 12).

 

The knowledge of the anchor positions can be 

used not only for detecting possible dragging 

of the anchors, but also for the calculation of 

the side winch angles α
sb
 and α

ps
. The side 

winch angles are used for the calculation of 

the effective side winch forces and for the 

calculation of the forces acting on the main 

spud due to the side winches.

Figure 10. Top view of the 

dredger with the estimated 

anchor positions as 

presented to the dredge 

master.

Figure 11. Reference system Anchor position estimator. Figure 12. A circular and square grid of points for the approximated minimum search.
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FUtURe DeVeLoPMents
In order to make dredging even more efficient 

there is still the need for more advanced 

estimators and accompanying process models. 

Some of these estimators will only be a small 

part of an advanced control strategy. Others 

will be used as decision support to the dredge 

master. Some examples of ongoing research 

topics in this area are: 

•  Estimating the pressure drop over the 

draghead and jet penetration depth to 

optimise excavation process.

•  Estimating pump wear and predicting the 

moment for replacement of the impellor. 

•  Estimating the grain size based on the 

pump behaviour. The present grain size 

estimator is based on the discharge pipeline 

and as a result the estimated grain size is 

an average of the total pipeline. By also 

using the pump behaviour the grain size 

estimate will be updated faster.

•  Estimating the settling velocity of particles 

in the hopper and sand bed height.
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CONCLUSIONS

Modelling the dredging process made it 

possible to develop advanced control 

algorithms that optimise the dredging 

efficiency. Most of these models contain 

parameters that depend on the soil 

properties. None of the advanced control 

algorithms would have been implemented 

without the use of the estimation 

techniques described here. 

An overflow loss estimator based on a 

particle filter has been developed and 

implemented in the latest releases of the 

Draught and Loading Monitor (DLM) 

software. This estimator can support the 

operators in decision-making as to when to 

stop dredging and can give warning in case 

of excessive losses. It can also be used for 

agitation dredging where the goal is to 

increase the overflow losses.

The tracking and positioning performance 

for the DpDt system has been improved by 

an extended Kalman filter (EKF). Moreover 

the reliability is increased by exchanging the 

force sensor pins in the upper hinge by a 

virtual dredge force sensor based on the 

pressure difference over the draghead.  

This has also been implemented in the 

newly developed trail speed controller.

For the discharge process, a simple 

nonlinear dynamical model in the pipeline 

of a cutter suction dredger has been 

described. Based on this model, a recursive 

estimator (extended Kalman filter) has  

been designed for the estimation of the 

unknown parameters in the models, 

namely, the weighting factor α and the 

grain diameter d
m
. The experimental results 

prove the feasibility and the effectiveness  

of the proposed estimation scheme.

Finally this article presents an anchor 

position estimator which has been 

successfully implemented onboard several 

cutter suction dredgers. This system can 

give an early warning to the operators 

when the anchor is dragging over the 

seabed.
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Final Report from the nRc committee on the 
Review of the Louisiana coastal Protection and 
Restoration (LAcPR) Program
COMMITTEE ON THE REVIEW OF THE LOUISIANA COASTAL 
PROTECTION AND RESTORATION (LACPR) PROGRAM; 
NATIONAL RESEARCH COUNCIL. 
60 pages, 6 x 9. National Academies Press. 
Washington DC. 2009. US$ 21. Paperback ISBN-10: 0-309-14103-6. 

The U.S. Army Corps of Engineers released the Louisiana Coastal 

Protection and Restoration (LACPR) draft final technical report in 

March, 2009. In response to federal legislation, the Corps had to 

analyse hurricane protection, and design and present a full range  

of measures to protect against a storm equivalent to a category 5 

hurricane. The request included measures for flood control, coastal 

restoration, and hurricane protection, and stipulated close coordination 

with the State of Louisiana and its appropriate agencies. 

This is the second and final report from the National Research Council 

(NRC) Committee on the Review of the Louisiana Coastal Protection 

and Restoration (LACPR) Program. The committee was charged to 

review two draft reports from the LACPR team and to assess the 

hurricane risk reduction framework, alternatives for flood control, 

storm protection, coastal restoration and risk analysis. This report 

presents this committee’s review and advice for improvements of the 

LACPR March 2009 draft final technical report. The NRC found that 

the lack of a comprehensive protection and restoration plan for 

southern Louisiana constitutes a major shortcoming in the Corps’ report. 

It recommends that, before the end of 2009, the Corps and the State of 

Louisiana agree on the elements of a long-term plan and on a number 

of high-priority protection projects (such as levees and zoning plans) 

and restoration measures (for example, the creation or enhancement 

of wetlands or barrier island) projects for immediate implementation.

First Report from the NRC Committee on the Review of the Louisiana 
Coastal Protection and Restoration (LACPR) Program was published in 

2008. Entitled “Louisiana Coastal Protection and Restoration Technical 

Report,” the Corps’ draft technical report offered many alternatives 

for the restoration of wetlands, future design of levees and floodwalls, 

and nonstructural measures to provide hurricane protection. This NRC 

report reviewed the Corps’ draft report and provided recommendations 

on how to improve it. Although the report integrated and provided 

new approaches in this complex ecological and geological environment, 

the draft report did not identify projects of higher priority and greater 

benefits, and there were significant weaknesses in each of the report’s 

three main sections. Most notably, the NRC report found that the 

Corps’ draft report lacked evidence that the sediment resources 

necessary to maintain the current coastal configuration, given the 

current and future rates of subsidence, degradation, and sea level rise, 

will be available. Based on this a second report was initiated and is 

now available. The authorising organisations were the Water Science 

and Technology Board (WSTB), the Ocean Studies Board (OSB) and 

Earth and Life Studies (DELS.)

The second report addresses: Future course of action; Key scientific, 

engineering, and other technical topics; future planning and project 

implementation for Coastal Restoration and Hurricane Protection.  

It also includes a list of references and several Appendices which 

include A Statement of the Task Committee on the Review of the 

Louisiana Coastal Protection and Restoration (LACPR) Program and 

biographical sketches for the Committee on the Review of the 

Louisiana Coastal Protection and Restoration (LACPR) Program.  

Both books are downloadable and available from the National 

Academies Press website. For further information contact: 

http://books.nap.edu

BooKs / PeRIoDIcALs ReVIeWeD

FActs ABoUt 
DeLtAs AnD cLIMAte cHAnGe

InteRnAtIonAL AssocIAtIon oF DReDGInG coMPAnIes
December 2009. 4 pp. Available free of charge online and in print.

This is the latest in the IADC series of concise, easy-to-read 

“management summaries”, which give overviews of essential 

information on specific dredging and maritime construction 

subjects. Facts About Deltas and Climate Change is being published 

on the eve of the climate conference in Copenhagen and addresses 

some of the crucial issues about the potential effect of climate 

change on deltas. Deltas are found in all parts of the world and 

tend to attract large populations because of their abundance of 

fertile land for agriculture and accessibility as a source of fishing. 

As a result of their low-lying location, deltas are also extremely 

vulnerable to sea level rises. This new publication discusses how 

deltas are formed, how they can be protected, and how modern 

dredging and maritime construction methods contribute to finding 

sustainable solutions to maintaining their safety. 

All Facts About are available in PDF form at the IADC website: 

www.iadc-dredging.com. 

Printed copies can be ordered by contacting the IADC 

Secretariat: info@iadc-dredging.com.
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39th Dredging short engineering short course
JANUARY 11-15, 2010 
CENTER FOR DREDGING STUDIES
TEXAS A&M UNIVERSITY,
COLLEGE STA., TEXAS

The dredging engineering short course is administered by the 

Center for Dredging Studies, Ocean Engineering Program and  

Zachry Department of Civil Engineering. It includes a mixture of 

lectures, laboratories and discussions at Texas A&M University.  

A textbook and course notes on all lecture material are provided.  

A certificate and continuing education units (~ 3.0 CEUs) are earned 

by attending this course. Fees US$1,325 (includes textbook, lecture, 

notes, banquet and local transportation). 

For further information contact:
Dr. R.E. Randall, Director

Tel: +1 979 845 4568

• Email: r-randall@tamu.edu
http://oceaneng.civil.tamu.edu

Middle east Ports 2010
FEBRUARY 1-2 2010
AL MUROOJ ROTANA HOTEL, DUBAI, UAE

Countries in the Middle East plan to expand or rehabilitate around  

35 ports. This fourth conference addresses the key challenges facing 

the major regional ports, featuring detailed progress updates of port 

projects. New opportunities for service providers and investors will  

be discussed as well as ideas from leading experts on safety, security, 

and operational efficiencies for optimal functioning of ports.

For further information see:
http://www.meedconferences.com/ports/

oceanology International
MARCH 9-11, 2010 
LONDON EXCEL, UK

Oceanology International (OI) is a premier meeting place for the global 

marine science and ocean technology community including engineers, 

scientists, legislators, policy makers and management professionals with 

responsibility across all of the ocean science and marine technology 

spectrum. The OI 2010 conference in cooperation with the Society for 

Underwater Technology will focus on the following core technical 

disciplines: Navigation & Positioning; Hydrography/Geophysics; Marine 

Environment; Geotechnics; and Ocean Observation & Forecasting.

For further information see: 
www.oceanologyinternational.com

6th Argentine congress of Port engineering & 
“sustainable Development of River and Maritime 
Port Infrastructure in Latin America”
APRIL 5-7, 2010 
BUENOS AIRES, ARGENTINA 

The Argentine Congress and PIANC’s Latin American Seminar, 

“Sustainable Development of River and Maritime Port Infrastructure in 

Latin America,” will be held simultaneously next April as part of the 

PIANC 125th Anniversary Celebration in 2010. The event will be a 

meeting place and technical forum for professionals from the maritime 

and river port fields worldwide who are engaged in engineering, 

management, and port planning. The seminar will comprise managers, 

researchers, government representatives and private business coming 

from the most important Latin American Congress topics include: 

Development of LNG Terminals: project, construction, safety, and 

environmental aspects; Renovation projects for urban port areas; 

Upgrading waterways infrastructure; Latest tendencies in barge river 

navigation; Latest dredging technologies; Breakwaters and shore 

protection; Fluvial information systems for navigation safety; 

Environmental aspects in river and maritime infrastructure. 

For further information see:
www.aadip.org.ar 

Ports 2010: Respecting the Past, 
Building the Future
APRIL 25-28, 2010 
JACKSONVILLE, FLORIDA, USA

The Ports and Harbors Committee of the American Society of Civil 

Engineer’s (ASCE) Coasts, Oceans, Ports, and Rivers Institute (COPRI) is 

pleased to announce the Ports 2010, the 12th in COPRI’s successful 

series devoted to port and harbor engineering. This continues ASCE’s 

partnership with the US Section of PIANC in the development of the 

ports engineering conference in the world. The conference will focus 

on current projects, practical issues, innovative engineering and 

construction, and state-of-the-art developments for port engineering. 

The 2010 conference will feature short courses, 36 technical sessions, 

keynote addresses, and social activities planned to facilitate ample 

professional interaction in an informal atmosphere. 

The technical programme is enhanced by cooperation with the 

Jacksonville Port Authority (JAXPORT), a conference sponsor, which 

will offer technical tours of its facilities. Ports 2010 also will feature 

expanded programs for young professionals and students. 

For further information on the conference programme contact:
Conference Organising Committee Chairman Dr. Stephen Dickenson, 

stephen.dickenson@oregonstate.edu 

Further updates are available at: www.portsconference.org

seMInARs / conFeRences / eVents
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PIAnc MMX
MAY 10-14, 2010
LIVERPOOL, UK

The quadrennial PIANC International Navigation Congress is a leading 

technical forum for professionals engaged in navigation, ports and 

waterways. It is also a professional networking event. The 32nd Congress 

and 125th Anniversary celebration is to be held in the maritime city of 

Liverpool on the Mersey estuary in North West England. The Congress 

is open to all. Congress themes and topics are:

-  Navigation for the future: Climate change, adaptation and mitigation 

and impact of ultra-large container ships, development of LNG 

terminals, in inland barge transport and in recreational navigation.

-  Innovative design in ports and terminal infrastructures, inland 

waterways, locks and terminals and marinas and yacht harbours.

-  Sustainable renovation: Upgrading old port areas, renovation of 

waterway infrastructure, ports and cities and life-cycle approach to 

maintenance.

-  New major links and nodes: Inland waterways (incl. Seine-Scheldt), 

seaports and the Panama Canal.

-  Working with nature: Dredging and sediments, breakwaters and 

shore protection and environmental management.

-  Safety and security: Marine safety and risk analysis, modern 

mooring systems, information and communication technology  

and river information system.

For further information contact:
PIANC UK Section

• Email: info@piancmmx.org.uk
www.piancmmx.org.uk

sustainable ocean summit
JUNE 15-17, 2010 
BELFAST, UK

The Sustainable Ocean Summit (SOS) is the first international,  

cross-sectoral ocean sustainability conference for the private sector. 

The conference will bring together the wide range of industries that 

use marine space and resources around the theme of “Reducing Risk, 

Increasing Sustainability: Solutions through Collaboration”. 

The conference kicks off with the inaugural “Roundtable of Ocean 

Industry Association Leaders” (ROIAL) at the SOS opening plenary. 

The main theme sessions will address: biosecurity and invasive species; 

sustainable ports; sound and ship strike impacts on marine mammals; 

marine debris; decommissioning ships and structures; offshore 

renewable energy interaction with other industries; the Arctic Ocean; 

climate change and ocean science; fisheries and aquaculture interaction 

with other industries; the role of finance, insurance and legal sectors  

in sustainability. “Marine Spatial Planning - What Ocean Industries Need 

to Know” will be the focus of a special half-day seminar on June 17 2010 

to highlight this emerging approach to marine governance. 

The World Ocean Council (WOC), an international business leadership 

alliance on ocean sustainability and stewardship, is generating 

significant attention from industries worldwide, including shipping,  

oil and gas, fisheries, aquaculture, ports, dredging, mining, insurance, 

finance, renewable offshore energy, tourism, shipbuilding, dredging, 

marine technology and others.

For further information:
www.oceancouncil.org or 

• Email: paul.holthus@oceancouncil.org
Tel:  +1 808 277 9008

WoDcon XIX 
SEPTEMBER 8-12, 2010 
GRAND EPOCH CITY RESORT & EXHIBITION CENTRE, 
BEIJING, CHINA

WODCON XIX Congress and Exhibition, with the theme, “Dredging 

makes the world a better place”, will be organised by EADA in 

association with CHIDA. Papers will cover the following topics:

- Relationship between dredging and sustainable development

- Dredging technology and research

- Beneficial uses of dredged material

- Environmental aspects of dredging

- Survey and positioning technology and equipment

- Physical and numerical modeling

- Sediment dewatering, treatment and disposal

- Dredging equipment

- Dredging project case studies.

Technical visits and tours will take place on September 13-14,  

after the Conference.

For further information contact:
Mr. Yang Zunwei, Chinese Dredging Association CHIDA

• Email: world.chida@yahoo.com.cn
www.chida.org  

Capt David Padman, EADA

• Email: david@pka.gov.my

John Dobson, EADA

• Email: dobsoncj@hotmail.com

Anna Csiti, CEDA Secretariat

• Email: ceda@dredging.org

Dr. Ram Mohan, WEDA

• Email: rmohan@anchorqea.com or

Dr. Robert Randall, Director Dredging Studies

• Email: r-randall@tamu.edu
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cALL FoR PAPeRs
Western Dredging Association 30/texas A & M 
Dredging seminar 41
JUNE 6-9, 2010 
RIO MAR WYNDHAM RESORT, 
SAN JUAN, PUERTO RICO 

The theme of the 2010 Western Dredging Association (WEDA) and 

Texas A & M University will host its Annual Western Hemisphere 

Dredging Conference (WEDA 30 and TAMU 41) is “Dredging Works 

for the Economy and the Environment”. It will focus on dredging  

and environmental issues associated with dredging programmes  

that create a strong economy and enhance the marine environment. 

This conference will be a forum for discussions between North, 

Central and South American dredging contractors, port authorities, 

other government agencies, environmentalists, consultants, 

academicians, civil/ocean Engineers throughout the Western 

Hemisphere. Topics of interest include, but are not limited to:  

- Western Hemisphere Dredging Projects

- Ports, River, Harbors & Inland Dredging

- Dredging and the Western Hemisphere Economy

- Budgeting and Cost Estimating

- Environmental Dredging 

- Dredging for Flood Control

- Beneficial Uses of Dredged Material

- Geotechnical Aspects of Dredging

- Project Case Studies, Western Hemisphere

- Wetland Creation and Restoration

- Dredging Challenges

- Surveying and Mapping

- Dredging for Beach Nourishment

- New Dredging Equipment

- Numerical Modelling

- Environmental Cleanup Sites

 

The Technical Papers Committee will review all one-page Abstracts 

and notify authors of acceptance and final manuscript instruction for 

production of the proceeding on CDs. One page abstracts must 

include: descriptive title, author names, author contact information 

(company name, address, phone, fax and email address) and abstract 

(<300 words). Submission of Abstract implies a firm commitment  

from the author to present the paper at the Conference. Deadline  

for submission is January 15, 2010.

Interested authors should send their abstracts to:
Dr. Ram Mohan

Tel: +1 267 756 7165,

Fax: +1 267 756 7166

• Email: rmohan@anchorqea.com    
 

Dr. Robert E. Randall       

Tel: +1 979 845 4568, Fax: +1 979 862 8162

• Email: r-randall@tamu.edu 
  

Port Finance & Investments 2010 
JUNE 1-2, 2010 
4TH INTERNATIONAL CONFERENCE 
GRAND HOTEL, AMSTERDAM, THE NETHERLANDS 

The conference will examine the challenges associated with developing, 

financing and managing port expansion plans and major investments. 

The programme will highlight the latest economic trends and their impact on 

investment and financing opportunities, explore the necessary investment 

requirements and analytical assessments as well as explore specific 

finance mechanisms being adopted for global port and terminal projects.  

Port & terminal technology 2010 
OCTOBER 5-6, 2010
7TH INTERNATIONAL CONFERENCE & EXHIBITION 
LONG BEACH, CALIFORNIA, USA

Now in its 7th year, Port & Terminal Technology has established itself as 

a “must-attend” key industry event. Because of the success in 2009 in 

the USA, the 2010 event will return to the USA delivering a diverse and 

in-depth conference programme complimented by an impressive line-up of 

industry experts and marketleaders. Exploring the latest developments, 

issues, trends and technology affecting ports and terminals around the 

globe, the conference will provide delegates an invaluable learning 

opportunity as well as an excellent platform for discussion, debate and 

networking. The event will be complimented by an additional one day 

workshop on Ports and the Environment. The conference is especially 

designed for representatives from operations, maintenance and engineering. 

 

Ports & the environment 2010 
DECEMBER 1-2, 2010 
3RD INTERNATIONAL CONFERENCE 
AMSTERDAM, THE NETHERLANDS

With the environment being a vital issue for ports and terminals worldwide 

the conference will return in December 2010 to examine key issues and 

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 and 

social-eco development issues affecting ports and terminals worldwide.

A call for papers is currently open for all the above-mentioned events.

For full details and to register to attend see: 
www.millenniumconferences.com.

 

For further information, please contact: 
Claire Palmer – Event Manager 

Tel: +44 (0) 1628 820 046, Fax: +44 (0) 1628 822 938

• Email: claire@millenniumconferences.com
www.millenniumconferences.com
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The process of selecting suitable rock for the foundation of the breakwater at the port of Poti, Georgia was essential in 

guaranteeing the integrity of the structure. A drum screen was used for the major quantity of the rock selection, and a wheel 

loader then loaded the materials onto the road trucks travelling to the various graded stockpiles (see page 16).

TerrA ET
AQUA

Guidelines for Authors

Terra et Aqua is a quarterly publication of the International Association of Dredging Companies, 

emphasising “maritime solutions for a changing world”. It covers the fields of civil, hydraulic 

and mechanical engineering including the technical, economic and environmental aspects 

of dredging. Developments in the state of the art of the industry and other topics from the 

industry with actual news value will be highlighted. 

•	 As	Terra et Aqua is an English language journal, articles must be submitted in English. 

•	 Contributions	will	be	considered	primarily	from	authors	who	represent	the	various	disciplines	

of the dredging industry or professions, which are associated with dredging. 

•	 Students	and	young	professionals	are	encouraged	to	submit	articles	based	on	their	research.	

•	 Articles	should	be	approximately	10-12	A4s.	Photographs,	graphics	and	illustrations	are	

encouraged. Original photographs should be submitted, as these provide the best quality. 

Digital photographs should be of the highest resolution. 

•	 Articles should be original and should not have appeared in other magazines or publications.  

An exception is made for the proceedings of conferences which have a limited reading public.

•	 In	the	case	of	articles	that	have	previously	appeared	in	conference	proceedings,	permission	

to reprint in Terra et Aqua will be requested. 

•	 Authors	are	requested	to	provide	in	the	“Introduction”	an	insight	into	the	drivers	(the	Why)	

behind the dredging project. 

•	 By	submitting	an	article,	authors	grant	IADC	permission	to	publish	said	article	in	both	the	

printed and digital version of Terra et Aqua without limitations and remunerations.

•	 All	articles	will	be	reviewed	by	the	Editorial	Advisory	Committee	(EAC).	Publication	of	an	

article is subject to approval by the EAC and no article will be published without approval  

of the EAC. 

MeMbership lisT iADC 2009

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

AfricA
Boskalis International Egypt, Cairo, Egypt
Dredging and Reclamation Jan De Nul Ltd., Lagos, Nigeria
Dredging International Services Nigeria Ltd, Ikoyi Lagos, Nigeria
Nigerian	Westminster	Dredging	and	Marine	Ltd.,	Lagos,	Nigeria
Van Oord Nigeria Ltd, Victoria Island, Nigeria

AsiA
Beijing Boskalis Dredging Technology Co. Ltd., Beijing, P.R. China
Van Oord (Shanghai) Dredging Co. Ltd, Shanghai, P.R. China
Van Oord Dredging and Marine Contractors bv Hong Kong Branch, Hong Kong,  
P.R. China
Boskalis Dredging India Pvt Ltd., Mumbai, India
International Seaport Dredging Private Ltd., New Delhi, India
Jan De Nul Dredging India Pvt. Ltd., India
Van Oord India Pte Ltd, Mumbai, India
P.T. Boskalis International Indonesia, Jakarta, Indonesia
PT Penkonindo LLC, Jakarta, Indonesia
Penta-Ocean Construction Co. Ltd., Tokyo, Japan
Toa Corporation, Tokyo, Japan
Hyundai Engineering & Construction Co. Ltd., Seoul, Korea
Van Oord Dredging and Marine Contractors bv Korea Branch, Busan, Republic of Korea
Van Oord (Malaysia) Sdn Bhd, Selangor, Malaysia
Van Oord Dredging and Marine Contractors bv Philippines Branch, Manilla, Philippines
Boskalis International Pte Ltd., Singapore
Dredging International Asia Pacific (Pte) Ltd., Singapore
Jan De Nul Singapore Pte. Ltd., Singapore
Van Oord Dredging and Marine Contractors bv Singapore Branch, Singapore
Zinkcon Marine Singapore Pte. Ltd., Singapore
Van Oord Thai Ltd, Bangkok, Thailand 

AusTrAliA
Boskalis Australia Pty, Ltd., Sydney, Australia
Dredeco Pty. Ltd., Brisbane, QLD, Australia
Van Oord Australia Pty Ltd., Brisbane, QLD, Australia
WA	Shell	Sands	Pty	Ltd,	Perth,	Australia
NZ	Dredging	&	General	Works	Ltd,	Maunganui,	New	Zealand

EuropE
Baggerwerken Decloedt & Zoon NV, Oostende, Belgium
DEME Building Materials NV (DBM), Zwijndrecht, Belgium
Dredging International N.V., Zwijndrecht, Belgium
Jan De Nul n.v., Hofstade/Aalst, Belgium
Boskalis	Westminster	Dredging	&	Contracting	Ltd.,	Cyprus
Boskalis	Westminster	Middle	East	Ltd.,	Limassol,	Cyprus
Van Oord Middle East Ltd, Nicosia, Cyprus
Rohde Nielsen, Copenhagen, Denmark
Terramare Eesti OU, Tallinn, Estonia
Terramare Oy, Helsinki, Finland
Atlantique Dragage Sarl, St. Germain en Laye, France
Société de Dragage International ‘SDI’ SA, Lambersart, France
Sodranord SARL, Le Blanc-Mesnil Cédex, France
Brewaba	Wasserbaugesellschaft	Bremen	mbH,	Bremen,	Germany
Heinrich Hirdes G.m.b.H., Hamburg, Germany
Nordsee Nassbagger-und Tiefbau GmbH, Bremen, Germany
Van Oord Gibraltar Ltd, Gibraltar
Irish Dredging Company, Cork, Ireland
Van Oord Ireland Ltd, Dublin, Ireland
Boskalis Italia, Rome, Italy
Dravo SA, Italia, Amelia (TR), Italy

Societa Italiana Dragaggi SpA ‘SIDRA’, Rome, Italy
Baltic Marine Contractors SIA, Riga, Latvia
Dredging and Maritime Management s.a., Steinfort, Luxembourg
Dredging International (Luxembourg) SA, Luxembourg, Luxembourg
European Dredging Company s.a, Steinfort, Luxembourg
TOA (LUX) S.A., Luxembourg, Luxembourg
Aannemingsbedrijf L. Paans & Zonen, Gorinchem, Netherlands
Baggermaatschappij Boskalis B.V., Papendrecht, Netherlands
Boskalis B.V., Rotterdam, Netherlands
Boskalis International B.V., Papendrecht, Netherlands
Boskalis Offshore bv, Papendrecht, Netherlands
Dredging and Contracting Rotterdam b.v., Bergen op Zoom, Netherlands
Mijnster zand- en grinthandel bv, Gorinchem, Netherlands
Tideway B.V., Breda, Netherlands
Van Oord ACZ Marine Contractors bv, Rotterdam, Netherlands
Van Oord Nederland bv, Gorinchem, Netherlands
Van Oord nv, Rotterdam, Netherlands
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