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MAREDFLOW A PROJECT UNDER THE REGIONS OF KNOWLEDGE PILOT 
ACTION

Yvo Peeters

C o-o rd in a to r fo r European Affa irs, Projectleader M ared flow
M inistry o f Flanders, W aterways and M arine  Affairs A dm in istra tion, D irectora te-G enera l 
G raa f de Ferrarisgebouw, Koning A lbert ll-laan  2 0  bus 5 , 1000  Brussel 
E-mail: yvo.peeters@ lin.v laanderen.be

Abstract

Launched by the Research D irectora te-G enera l o f the European Com m ission in August 2 0 0 3  at 
the request o f the European Parliament, the Regions o f Knowledge Pilot Action promotes the 
active involvem ent o f local players in designing and shaping reg ional know ledge deve lopm ent 
models.

The Regions o f Knowledge Pilot Action aims:

■ to  enhance reg ional research strategies, and prom ote clustering and pub lic-private  
partnerships between reg ional authorities, universities and industry;

■ to  dem onstrate the crucia l role o f know ledge in reg ional deve lopm ent;
■ to  support the goa l o f the European Research Area (ERA) to  make Europe the most fertile 

ground fo r technology-based reg ional econom ic deve lopm ent in the w orld.

Fourteen p ilo t projects have been selected to  take part in the Regions o f Knowledge initiative. 
These projects help to  build o r sharpen reg ional research and innovation strategies; strengthen 
regional pub lic-priva te  partnerships; lay down links between researchers, com panies and 
financia l institutions; and prom ote networking between techno log ica l innovators in various 
European regions.

They fa ll into fo u r specific areas:

■ Technology audits and regional foresight: analyse the reg ional econom y and its 
technology fabric , and identify future deve lopm ent scenarios

■ University-driven actions for regional development: dem onstrate how universities 
can act as im portan t technology relay points by provid ing expertise to  local com panies and 
pub lic institutions, by stim ulating techno logy creation and uptake, and by creating sp in -o ff 
com panies

■ Mentoring initiatives: help set up networks between techno log ica lly  advanced and less 
favoured regions

■ Supporting activities: prom ote the organ isation  o f workshops o r conferences to  raise 
awareness on the im portance o f technology-based regional deve lopm ent

Under the first area falls the pro ject MAREDFlow.

mailto:yvo.peeters@lin.vlaanderen.be


Background

The pro ject partners cover diversified m aritim e regions (Flanders, Bremen, M ecklenbrug- 
V orpom m eren, Pori and Asturias) which w ill benefit from  the deve lopm ent o f transport logistics 
linked to t the m aritim e transport.

M AREDFlow wants to  stim ulate econom ic deve lopm ent in a num ber o f m aritim e reg ions' 
transport logistics sectors, by deve loping the know ledge-based econom ies o f these m aritim e 
regions. The gains obta ined from  the im plem entation o f the technologies and techniques -  in 
log istical supply chains and port and com m ercia l clusters -  w ill be used to  im prove the overall 
reg ional econom ic perform ance.

Im plem entation

Knowledge deve lopm ent maps are developed and used to  identify relevant technologies tha t 
provide econom ic gains and the paths which may be used fo r the effective transfer of 
in fo rm a tion , expertise and experience from  those able to  deliver to  those requiring it. The maps 
are interactive and a im  to  determ ine the need fo r actions such as technology transfer, tra in ing , 
benchm arking , m entoring and consultancy. These actions w ill subsequently be executed. 
Ind ication is a lso provided on com plem entary requirements such as financ ia l support. Private 
sector com panies as well as m ore conventiona l academ ic and public sector organisations are 
targeted. The know ledge deve lopm ent maps link organ isations involved in the log istical supply 
chain w ith in  m aritim e regions: com panies, ports, research institutes, h igher education 
establishments and pub lic authorities. Further, the maps a llo w  those know ledge flows tha t w ill 
stim ulate econom ic and trade developm ent. Linked financ ia l flows will also be identified by the 
maps, such as when the flow  o f know ledge involves the transfer o f intellectual property o r 
requires cap ita l investment.

Outcomes and benefits of the international co-operation

O nce a sufficient num ber o f transfers has been m ade, an assessment o f the ir im pact in terms of 
improved regional econom ic perform ance can be undertaken. The results o f this investigation 
w ill conso lidate  the pro ject and new, increm enta lly im proved, cycles o f the system w ill be 
launched -  provid ing a continuous, adaptive process. M easurem ent o f the reg ional econom ic 
impacts w ill be made and published. The know ledge deve lopm ent m apping techn ique will 
rem ain able fo r use by the partic ipa ting  regions, and o ther regions, once the MAREDFlow 
pro ject has been com pleted.

The interconnection with IRC-network

In deve loping its partic ipa tion  in M AREDFIowthe Flemish partners have decided, upon proposal 
o f the Flemish Institute fo r Innovation by Science and Technology, which is the IRC-m anager in 
Flanders, to  g ra ft the 'know ledge  m ap '-p rinc ip le  o f M ared flow  upon the IRC-system.
In this way a genuine practical im plem entation o f the pro ject was assured.

The next speaker w ill dwell more extensively on this issue.

To assure a diversified input and perspective on the M aritim e  Knowledge sector a steering 
g roup  was fo rm ed, com posed o f representatives o f the Antwerp M aritim e  Academ y, Port of 
Antwerp, Flanders Public Em ployment Service, Universities o f Brussels, G ent and Antwerpen, 
Flanders M arine  Institute, Flanders Hydraulics Research, Institute fo r the Prom otion o f
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Innovation by Science and Technology Flanders, Waterways and Canal Agency and Flanders 
Institute fo r Logistics.

I w ant to  thank the members o f the SG fo r the ir va luab le  comm ents and contributions in these 
past tw o years. Finally I want to  address the top ic  o f today 's  seminar.

It is well known tha t Flanders is excelling in some m aritim e sectors such as d redg ing and 
m aritim e engineering, but in this sem inar we also wanted to  a ttract the a ttention to  areas such 
as m eteoro logy, d ig ita l m app ing , safety devices, logistics, o ffshore w ind energy, etc.

In general I hope tha t this pro ject w ill have induced m ore interest fo r the m aritim e w orld  in its 
m ultip le  aspects, and th rough  the label o f Flanders, M aritim e  Region o f Knowledge the top ic 
w ill be perpetuated and accentuated.



IRC-FLANDERS AND MAREDFlow

Bernard De Potter, François Stassijns and Tania De Roeck

IWT, Institute fo r the Prom otion o f Innovation by Science and Technology in Flanders 
Bischoffsheim laan 2 5 , B -1000  Brussel 
E-mail: bdp@ iw t.be

Introduction

The 'Regions o f know ledge ' p ilo t action , introduced in the 2 0 0 3  C om m unity budget as a 'p ilo t- 
p ro jec t' by the European Parliam ent (h ttp ://w w w .eu ro p a rl.eu .in t/ne w s/pu b lic /d e fau lt_e n .h tm ), 
aims at supporting experim ental actions at reg ional level to  develop 'regions o f know ledge' in 
the area o f techno log ica l deve lopm ent, co -ope ra tion  between universities 
(h ttp ://w w w .cord is .lu /e ra /un ive rs ities .h tm ) and research at a reg ional level and stim ulate the 
in tegration o f regions in Europe. Such actions should strengthen the regions' involvem ent and 
com m itm ent towards the creation o f the European Research Area 
(h ttp ://w w w .co rd is .lu /e ra /h o m e .h tm l) as well as supporting the achievem ent o f the Lisbon goals 
and the Barcelona (h ttp ://e u ro p a .e u .in t/co m m /re se a rch /e ra /3 p c t/in d e x_ e n .h tm l) objective 
(towards a h igher investment in RTD with the ta rget being 3% 
(h ttp ://w w w .co rd is .lu /e ra /3 pe rce n t.h tm ) o f the Union's GDP by 2 0 1 0 , with 2 /3  o f the GERD 
com ing from  the private sector. The main aim  o f the action was to  dem onstrate the central role 
o f know ledge in driving regional deve lopm ent and how reg ional actors can effectively 
partic ipate  in fo rm u la ting  the ir regions' future.

The European Com m ission has selected 14 p ilo t projects, to  be a llocated  a to ta l of 
EUR 2 .5  m illion , to  boost the reg ional d im ension o f the know ledge econom y. O ne  o f these 
projects was MAREDFlow with as coo rd ina to r: The A lliance  o f M aritim e  Interests in Europe (BE). 
O th e r participants are A u to ridad  Portuaria de G ijon  (E), City o f Pori (FIN), Institute o f Shipping 
Economics (DE), Adm in istra tie  W aterwegen en Zeewezen (BE).

W hen IW T-V laanderen to o k  notice o f this pro ject, it was investigated m ore closely and possible 
synergies were sought. Indeed, we saw tha t both tried to  stim ulate cross border-technology 
transfer. The M AREDFIow-project, however focussed on the m aritim e sector.

In this artic le , we describe the results o f our com bined efforts. O f course, these are put in a 
context. First o f a ll there is a descrip tion o f IWT in the Flemish Innovation Landscape. Secondly, 
a presentation is given abou t the IRC-Network. O f course, the IRC-Flanders services are put in 
this general perspective. G iven all these in fo rm a tion , the concrete com bined efforts o f both 
MARE D F low  and IRC-Vlaanderen are revealed.

IWT in the Flemish innovation landscape 

The Flemish innovation landscape

Flanders is strategica lly located w ithin the centre o f Europe. Together with W a llon ia  and 
Brussels, it forms the Federal State o f Belgium. The three regions have fa r-reach ing  autonom y 
on econom ic (territory-bound) matters, e.g. in the fie ld  o f techno logy and innovation.
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The Flemish region counts a lm ost 6 m illion  people (60% o f the Belgian popula tion ). It covers 
40%  o f the Belgian territo ry and is a very urbanised area. Flanders accounts fo r roughly 60%  of 
Belgium's Gross Dom estic Product (GDP). The econom y has trad itiona lly  been based on

international trade. Export accounts fo r 85%  
o f the Gross Regional Product (GRP). 
Flanders has a highly educated w ork force 
with one o f the highest productivities in the 
w orld . This attracts a large num ber of 
m ultina tiona ls tha t choose Flanders as a 
base fo r the ir European operations. The 
backbone o f Flanders' econom ic structure, 
however, is the SME. O n  a to ta l o f about
1 7 0 .0 0 0  com panies, over 99%  have less 
than 2 5 0  employees, 89%  count less than 
10 employees. Large com panies are often 
part o f a m ultina tiona l group.

Industry in Flanders prim arily involves processing, dom inated  by the chem ical and m etallurgie 
sectors. C ar assembly comes in a strong th ird . H igh au tom ation  has reduced em ploym ent 
som ewhat in recent years, but the service sector is p rovid ing new impulses.

Flanders' R&D efforts are well above the European average. The Flemish universities and 
research centres (VIB, IMEC, V ITO , I BBT)1 have a very good  in ternational reputation. O n  the 
industria l side, most o f the research activity is still accounted fo r by large com panies. However, 
the num ber o f innovative SMEs is rising.

Both Belgium and Flanders have an average score on the European Innovation Scoreboard 
2 0 0 5 2. In spite o f high qua lity R&D and a high skilled w ork fo rce , converting research efforts 
into com m ercia lly  explo itab le  know ledge is a weak point.

H istorically, the innovation landscape in Flanders is d ivided over a large num ber o f local 
innovation actors: reg ional deve lopm ent agencies, cham bers o f com m erce, sector
organ isations, cluster organ isations, research centres, universities, etc. This historic scattering 
makes com m un ication  d ifficu lt.

Since 1 99 9 , the Flemish G overnm ent tries to  rationalise these structures. In M ay 1999  the 
Innovation Decree put IWT3 in a co -o rd ina ting  position over the interm ediary organisations in 
the fie ld . As a result, a Flemish innovation network has been established in 2 0 0 2 , in which 
organisations are to  signpost to  one ano ther when app licab le . The network is based on VIS4- 
projects, co -o rd ina ted  and (partly) funded by IWT. These projects cover co llective research, 
techno log ica l services, sub-reg iona l innovation encouragem ent and them atic innovation 
encouragem ent.

1 VIB: Flem ish In te run ive rs ity  Institu te  fo r  B io te ch n o lo g y ; IM E C : In te run ive rs ity  M ic ro  E lectron ics C e n tre ; V IT O : Flem ish 
Institu te  fo r  T e ch n o lo g ica l Research; IBBT: Institu te  fo r  B ro a d b a n d  T e ch n o lo g y .

-  w w w .tre n d c h a rt.o rg /s c o re b o a rd s / s c o re b o a rd 2 0 0 5 /p d f/E IS % 2 0 2 0 0 5 .p d f o r  tre n d c h a rt.c o rd is .lu /

3 IW T, Institu te  fo r  the  P ro m o tio n  o f In n o va tio n  by S cience and  T e ch n o lo g y  in F landers. Its m a in  ac tiv ities  a re  fu n d in g  

o f in du s tria l research , c o -o rd in a tio n  o f F lem ish in n o v a tio n  lan d sca p e , N C Ps fo r  6FP, EUREKA co n ta c t po in t, IRC- 
host.

4 VIS, 'V la a m se  In n o va tie  S a m e n w e rk in g sve rb a n d e n ' =  F lem ish In n o va tio n  C o -o p e ra t io n  N e tw orks .
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IWT: mission and  activities (w w w .iw t.be)

IW T-Flanders, the Institute fo r the p rom otion  o f innovation by science and technology in 
Flanders, is a governm ental agency established by the Flemish G overnm ent in 1991 . Since 
innovation policy is a reg ional m atter in Belgium , IW T-Flanders is the key organ isation  fo r 
support and p rom otion  o f R&D and innovation in Flanders. The to ta l fund ing o f IW T-Flanders 
am ounts to  EUR 21 8 m illion  in 2 0 0 4 . IWT is both a program m e owner (in close co -opera tion  
with the Flemish M in ister o f Innovation) and a program m e m anager (selection and fo llo w -u p  of 
research and innovation projects).

The scope o f existing fund ing is quite  broad includ ing industria l R&D projects, EUREKA-projects, 
feasib ility  studies and innovation projects fo r SMEs, support to  industria l networks (sectoral 
research, techno log ica l advisory services, innovation stim ulation), support to  universities fo r 
strategic basic research, support to  h igher education engineering schools fo r techno logy 
diffusion actions, ind iv idua l grants fo r PhD and post-doc research, support to  universities fo r 
explo ita tion  o f the ir R&D-results and to  larger 'ad  hoc ' initiatives as decided by the Flemish 
governm ent. In 2 0 0 4  abou t 4 8 6  R&D projects (inch EUREKA) were funded fo r a to ta l am oun t o f 
EUR 78M . D ifferent horizontal measures (VIS, TETRA) to  support industria l networks and clusters 
active in generic sectoral research, techno log ica l advisory services, stim ulation  o f technology 
transfer and innovation are focused on interaction with and transfer o f know ledge to  the local 
SMEs.

C om panies can make use o f services such as in form ation  d issem ination abou t international 
actions and m ore especially abou t the Fram ework Program me and assistance in the 
prepara tion  o f FP6 pro ject proposals, gu idance in the innovation process, advice on IPR-issues, 
transnationa l technology transfer. IWT is in co -ope ra tion  with the Science and Innovation 
Adm in istra tion  o f the Flemish C om m unity  the unique NCP organ isation  (inch SME NCP) fo r 
Flanders. IWT is a lso the IRC fo r Flanders.

Besides p rom otion  o f innovation th rough fund ing o f R&D-projects and services, one o f the main 
tasks o f IW T-Flanders is the co -o rd ina tion  o f the reg ional innovation actors as regional 
deve lopm ent agencies, techno log ica l advisory services, sectoral research centres, industrial 
federations, etc.

IWT participates in six ERANET projects as a partner (CORNET, Era-SME, eTRANET, MATERA, 
M N T , SUSPRISE) and is co o rd in a to r o f the COMPERA project.

The annual budget o f IWT fo r support to  RTDI actions is approx. E U R 21 8 M , E U R 27M  o f this 
budget is dedicated to  horizontal innovation measures to  support industria l networks and 
clusters active in generic sectoral research, techno log ica l advisory services, stim ulation o f 
techno logy transfer and innovation are focused on interaction with and transfer o f know ledge to  
the local SMEs.

Innovation programmes m anaged/ow ned

IWT is both program m e m anager and program m e ow ner fo r a ll the fund ing program m es it 
implem ents. M ost o f the fund ing program m es tha t are m anaged /ow ned by IWT a llow  fo r d irect 
o r indirect fo re ign  partic ipa tion .

http://www.iwt.be


M ore  in form ation  on the horizontal innovation measures a im ing at techno logy transfer can be 
found on the innovation trend chart:

■ Flemish C o op e ra tive  Innovation  Netw orks (VIS): h ttp ://tre n d ch a rt.co rd is .lu /tc_ d a ta sh e e t.c fm ? id  =  8 2 0 6
■ TETRA-Fund: techno logy  transfers between techn ica l high schools and  SMEs: 

h ttp ://tre n d c h a rt.c o rd is .lu /tc _ d a ta s h e e t.c fm ? id =  8 73 9
■ University Interfaces o r Industry Liaison offices: h ttp ://tre n d ch a rt.co rd is .lu /tc_ d a ta sh e e t.c fm ? id  =  7 7 4 2

N o specific program m es regarding technology transfer o r co -deve lopm ent with partners from  
th ird  countries are im plem ented at the m om ent. Activities regarding the international 
explo ita tion and d istribu tion o f research results and new techno logy are m ainly focussed on 
Europe. The main instrument here is the IRC-Network. To maximise its radius o f action , the 
Flemish IRC (h ttp ://w w w .iw t.b e /irc ) closely cooperates with the network o f Flemish innovation 
actors (also coord inated  by IWT: h ttp ://w w w .innova tienetw erk.be ). O n  the long term  a further 
in terna tiona lisa tion  o f these services (incorporating countries outside o f Europe) is envisaged.

G eneral presentation of the Innovation Relay Centres Netw ork5 

G eneral approach

The mission o f the IRCs is to  support innovation and transnationa l techno log ica l co -ope ra tion  in 
Europe w ith a range o f specialised business support services. IRC-services are prim arily targeted 
at techno logy-orien ted  small and medium-sized enterprises (SMEs), but are also ava ilab le  to  
large com panies, research institutes, universities, techno logy centres and innovation agencies. 
The first Innovation Relay Centres were established in 1995  with the support o f the European 
Com m ission. The aim  was to  create a pan-European p la tform  to  stim ulate transnationa l 
techno logy transfer and prom ote innovation services.

O ve r the past five years the IRCs -  w orking toge ther in close co -ope ra tion  -  have been o f 
assistance in over 1 2 ,5 0 0  techno logy transfer negotia tions, and have helped m ore than 5 5 ,0 0 0  
client com panies to  meet the ir technology needs and to  explo it the ir research results.

IRC-staff (a to ta l o f nearly 1 ,000) are experienced specialists with backgrounds in business, 
industry and research. To date , they have facilita ted m ore than 1 ,00 0  transnationa l transfers of 
technology-signed agreements fo r the sale, licensing, d istribu tion o r jo in t deve lopm ent o f new 
technologies.

Today, 71 reg ional IRCs span 33  countries: 2 5  EU -M em ber States and Bulgaria , Rom ania, 
Iceland, Israel, N orw ay, Switzerland, Turkey and Chile.

M ost IRCs are operated by a consortia o f qua lified  regional organ isations such as Cham bers of 
C om m erce, Regional D evelopm ent Agencies and university Technology Centres. A ltogether, 
a lm ost 2 2 0  partner organisations are involved, ensuring w ide geograph ic  coverage.

G eneral service portfolio of the IRC-Network

Advice on innovation, technology transfer and exploitation

Innovation Relay Centres adop t a one-to -one  approach  w ith local com panies. As part o f the 
service IRC-experts w ill be pleased to  visit your com pany to  discuss w hether you would like to

5 Fo r m o re  in fo rm a tio n , cf. w w w .c o rd is .lu /irc
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take advantage o f the opportunities tha t the IRC-Network offers. IRC-staff can arrange fo r a 
techno logy assessment to  be carried ou t fo r your o rgan isation. O n  the basis o f this, they can 
advise you on the opportunities fo r in troduction  o f new technologies into your com pany, and to  
also help p rom ote your own innovative technologies to  the rest o f Europe.

Identifying technology need a n d /o r technology po ten tia l 

Technology to offer: p rom oting  your products in European markets
The Innovation Relay Centre N etw ork is proactive in the p rom otion  o f new and innovative 
technologies th roughou t Europe. Each IRC-Network m em ber has strong links with industry in its 
region and can help your com pany to :
■ create a technology profile  in English, choosing the right techno logy keywords, docum enting 

the innovative aspects and main advantages, etc.;
■ locate potentia l partners th roughou t Europe fo r licensing a n d /o r  m anufacturing agreements;
■ with the process o f negotia ting such agreements.

Technology needs: find ing technology solutions fo r your business
If you would  like to  be m ore proactive in find ing  innovative technolog ies, your local IRC can 
send details o f your techno logy need to  the 71 Innovation Relay Centres across Europe. The 
IRC will help you to :
■ create a technology pro file  in English, to  choose the right techno logy keywords to  describe 

your technology requirem ents;
■ find businesses o r R&D centres in Europe tha t can supply you with new technologies o r ideas;
■ identify new business opportunities.

C onfidentia lity
Your identity w ill remain confidentia l unless and until you are prepared fo r it to  be revealed. Any 
responses w ill be passed on to  you, and the IRC w ill help you receive further in form ation  if you 
wish.

Finding European partners

The technology profiles produced by the IRC can be used in a num ber o f d ifferent ways in o rder 
to  find business partners fo r your com pany.

Partner search via the IRC-Network
The 71 IRCs are connected by intranet which allows rapid d iffusion o f techno logy profiles across 
Europe. These profiles are also stored in a searchable database.

Partner search via trade missions
Y our local IRC can use your technology profile  to  match your com pany to  others in Europe. 
These com panies m ight be interested in visiting you o r vice versa. These visits are generally 
sectoral in nature and based upon a series o f p re-arranged meetings. Social events, travel and 
accom m oda tion  can be provided as part o f the package by the IRC.

Partner search via technology brokerage events
Your local IRC can use your technology profile  to  help organise meetings fo r you at European 
brokerage events. If you are unable to  attend, the IRC can represent your com pany at these 
events. The Relay Centre can also prom ote your technologies at exhibitions, trade fairs, 
partnering events and th rough the day to  day interaction it has with the rest o f the IRC-Network.



Further support and  advice

Advice and signposting on issues re lating to innovation financing
Y our local IRC can help w ith the selection and identifica tion o f projects, which are su itab le fo r 
innovative financ ing , organise meetings with business angels and venture capita l funds 
operators, organise transnationa l innovation financing  brokerage events such as fo r investment 
and , if the expertise is ava ilab le , assist your com pany with the prepara tion  o f the techn ical part 
o f the business plan fo r investors.

Advice and signposting on issues relating to in te llectual property rights
Your local IRC can provide advice on how best to  protect your company's innovative 
technologies. Advice may also be provided by a th ird party, a patent lawyer, em ployed by the 
Relay Centre o r this service may even be delivered by Relay Centre staff themselves.

C ontract negotia tion assistance
The Innovation Relay Centre not only helps you to  identify partners but also gives you assistance 
during the negotia tion  phase o f the contract. The Relay Centre may bring in th ird  parties with 
relevant expertise (even if the service is delivered by Relay Centre staff). For m ore in fo rm ation  on 
the exact terms and cond itions please contact IRC-Flanders (h ttp ://irc .co rd is .lu /w h o sw h o /). This 
assistance may include:
■ the drafting o f a confiden tia lity  agreem ent;
■ the o rgan isation  o f the first meeting with provision o f a venue and if necessary a translato r;
■ the o rgan isation  o f the visit to  the partner;
■ the provision o f m odel technology transfer agreements;
■ etc.

Some IRCs may be ab le  to  help you in the com plex process o f va lu ing never-before-seen 
technologies, in un fam ilia r industries. They can d irect you to  specialists who can advise on the 
value o f d ifferent types o f agreem ent and so ensure tha t you pay o r receive a fa ir  price fo r a 
technology. This assistance can lead to  greater efficiency in negotia ting licensing agreements 
and it can help your o rgan isation  set financia l targets fo r techno logy transfer.

IRC-Flanders 

G eneral background

IRC-Flanders has been hosted by IWT since the start o f the IRC-project in 1995 . At the start of 
the past contract period (2 0 0 0 -2 0 0 4 ), the IRC-tasks were shifted entirely from  upstream w ork 
(supporting partic ipa tion  to  6FP) to  downstream  w ork (technology transfer). During the first tw o 
years IRC-Flanders has invested in the deve lopm ent o f a num ber o f too ls, fac ilita ting  the 
com m un ication  o f transnationa l techno logy transfer (TTT) opportunities to  clients and internal 
fo llo w  up o f TTT projects. Q u a lity  and efficiency w ithin the IRC have benefited from  this effort.

The IRC disposes o f three fu ll-tim e  equ iva lent in staff (+  assistant). To guarantee a full coverage 
o f the region and w ork on in-depth relations w ith clients, a strong co -ope ra tion  with the local 
innovation actors is needed. The large num ber o f organ isations involved in the VIS-projects 
offers IRC-Flanders the opportun ity  to  increase its coverage. Their diversity a llows IRC-Flanders 
to  select the most app ropria te  partner fo r each specific IRC-activity.

http://irc.cordis.lu/whoswho/


Objectives and services

O bjectives

The overall objective fo r IRC-Flanders is to  provide cost-effective and high qua lity technology 
transfer services which answer to  regional needs and which are provided in synergy with the 
reg ional support structures in Flanders.

The m ain goa l is to  increase the added value o f the IRC in the process o f TTT partner search in 
Flanders. G iven the specific situation in Flanders the m ain ope ra tiona l objectives o f IRC- 
Flanders are:
■ objective 1 : to  im prove com m un ication  towards (potential) IRC-clients;
■ objective 2 : to  continue delivering high qua lity transnationa l techno logy transfer services to  its 

clients, m aking op tim a l use o f the contacts w ithin the IRC-Network;
■ objective 3: to  optim ise synergism with o ther services provided by IWT, local innovation 

actors and o ther networks.

To reach these objectives, IRC-Flanders is delivering services towards its clients using the typical 
IRC-awareness, contact and assistance type services.

These services are supported by intensive nationa l and in ternational networking and use of 
synergies, the IRC-Network and an effic ient internal m anagem ent.

Service portfo lio  o f IRC-Flanders 

Awareness
In terms o f awareness activities, a substantial add itiona l e ffort is put in com m un ication  towards 
our clients and to  increase the IRC's reach.

The m ain activities are:
■ co -ope ra tion  with a selection o f local innovation actors fo r IRC-awareness activities in the ir 

ta rget g roup ;
■ selection o f an add itiona l ta rget g roup  fo r awareness activities by IRC-staff;
■ im provem ent o f existing com m un ication  tools towards o u r clients and the deve lopm ent o f 

new tools.

C ontact and assistance
IRC-Flanders is offering the same basic contact and assistance services as in the previous 
contract. Q ua lity  o f and com m un ica tion  abou t these services will be continuously im proved. 
IRC-Flanders uses and improves the tools developed over the past contract to  support these 
activities. The activities o f IRC-Flanders w ithin the IRC-Network, are supporting the services 
towards our clients.

C ontact services:
■ assisting Flemish com panies and research organ isations looking fo r an in ternational partner 

fo r techno log ica l co -ope ra tion  by generating Flemish TOs and TRs;
■ d istribution o f European opportunities fo r technology transfer w ithin Flanders;
■ partic ipa tion  in partnering events, missions and o ther TT activities organised w ithin the IRC- 

Network;
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■ organ isation  o f own TT partnering activities, in co -ope ra tion  with local innovation actors and 
with the IRC-Network.

Assistance services:
IRC-Flanders fo llows up on expressions o f interest resulting from  its contact activities and assists 
its com panies o r co lleague IRCs when required.

Networking: signposting and op tim a l use o f synergies, loca lly  and in terna tiona lly

To overcom e the problem  o f IRC-Flanders' lim ited m anpow er, co -ope ra tion  with external actors 
is required. This assistance is most im portant when it comes to  awareness activities and 
signposting o f TTT opportunities. M ore  new potentia l clients need to  be reached in o rder to  
increase results.

IRC-Flanders fo llows a m ultip le  approach to  tackle  this issue:
■ W ith in  o u r host o rgan isation  IWT, the explo ita tion  o f possible synergies between the different 

departm ents in a structural way. The IRC-services w ill be included in the IWT product 
po rtfo lio . IRC-Flanders w ill provide its IWT colleagues with the required com m un ica tion  tools 
to  actively signpost potentia l clients to  the IRC.

■ Flanders counts a large num ber o f innovation actors. The main players are now grouped in 
the V lS -pro ject structure, coord inated  by IWT. IRC-Flanders is setting up a structural c o ­
opera tion  with a num ber o f these actors.

■ If opportunities are presented to  co -opera te  with o ther innovation services networks,
European o r o ther, the added value fo r the IRC-services and the tim e ava ilab le  w ill determ ine 
IRC-Flanders' involvem ent with these networks. The coopera tion  with the MAREDFlow 
initiative must be situated in this context.

MAREDFlow linked to the IRC-Network through IRC-Flanders

O ne o f the goals o f the M AREDFIow-project is to  fac ilita te  know ledge transfer in the fie ld  o f 
m arine technology. The European IRC-Network, co-funded by the European Com m ission 
celebrated its 10th anniversary last year and has built a w ide expertise in the fie ld o f prom oting 
technology transfer w ithin Europe, Turkey, Israël and C hili.

IRC-Flanders, hosted by the IWT, saw an opportun ity  fo r the M AREDFIow-consortium  to  take 
benefit from  the services delivered by the IRC-Network: the idea being tha t the know ledge 
transfer a im ed fo r in MAREDFlow could  make use o f the services o f the IRC-Network which has 
technology transfer as its m ain goa l. This required a 'tra ns la tion ' o f the 'know ledge '-re la ted  
terms used in MAREDFlow towards the technology transfer form ats used in the IRC-Network: 
know ledge creators could fo rm u la te  'techno logy o ffers ' o f interest to  know ledge users and 
know ledge users could fo rm u la te  'techno logy requests' o f interest to  know ledge creators.

In o rder to  set up the necessary com m un ica tion  channels between the MAREDFIow-partners and 
the IRC-Network, IRC-Flanders provided access to  a w ebapp lica tion  tha t allows the 
MAREDFIow-partners to  enter new 'techno logy o ffers ' and 'techno logy requests' accord ing  to  
the guidelines and tem plates used in the IRC-Network. These entries w ill be processed further 
towards finalised and by the IRC-Network accepted techno logy profiles with the assistance of 
the IRC's tha t represent the regions involved in MAREDFIow. These accepted profiles w ill 
subsequently be disseminated in the entire IRC-Network and in add ition  be published on the 
web app lica tion  provided by IRC-Flanders (together with o ther technology profiles com ing from  
the IRC-Network and o f relevance to  MAREDFIow).



O nce disseminated in the entire IRC-Network, each o f the IRC's processes the profiles in its own 
region and tries to  identify partners tha t are interested to  co -opera te  with the 'ow ners ' o f the 
profile .

Further fo llo w -u p  o f these expressions o f interest on the published profiles fits into the co re ­
business o f the involved IRCs and b ila tera l contacts with the MAREDFIow-partners ensures that 
everyone is being kept up-to-date  on the results achieved.

IRC-Flanders has inform ed a ll the IRCs tha t represent the regions tha t are involved in the 
M AREDFIow-consortium  and these are all interested in taking up the know ledge transfer 
opportunities o f MAREDFIow and try to  process them  towards concrete agreements.

Fig. 2 shows the proposed com m un ication  routes. The d ifferent steps in prom oting  technology 
offers and requests would  be as fo llow s:

MaredFLOW
Partner

MaredFLOW
Client Local

IRC

1. TT-proposal

3. Processed 
IRC-TT-proposal

4. Accepted and 
distributed 
IRC-TT-profile

IRC-Flanders 
web application

IRC-Network
server

5. Accepted and /
distributed ^
IRC/MAREDFIow-TT-profile

4. Accepted and 
distributed 
IRC-TT-profileMaredFLOW

partners
and

clients

WHOLE 
IRC- 

Network 
and its 
c lients

Fig. 2 . Proposed com m u n ica tion  routes.
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A  client o f MAREDFIow (project partner o r company) enters a technology profile  proposal on
the w ebapp lica tion  provided by IRC-Flanders o r  1 ...con tacts the IRC in his region (jump
to  step 3 in this latter case).
Upon registering the proposal in the web app lica tion  both the MAREDFIow partner and the 
IRC from  the client's region would  be inform ed by e-m ail (@).
The IRC from  this region would  process this entry further towards a IRC-TT-proposal and 
present it to  the IRC-secretariat (using the IRC-Network server).
If accepted, this pro file  w ill be distributed in the whole  IRC-Network and ...
... is a lso published on the web app lica tion  provided fo r MAREDFIow-partners and clients.

O nce  the techno logy/know ledge  profile  is disseminated in the IRC-Network, each IRC is 
d issem inating it fu rther into its own region and w ill receive expressions o f interest on it from  
interested organ isations w illing  to  investigate the possibilities fo r co -opera tion .

The web app lica tion  tha t is developed by IRC-Flanders fo r the MAREDFIow consortium  can be
found at h ttp ://w w w .iw t.be/irc_ ttm /irc_pa rtne r.asp? id  =  7 and gives several possibilities (see 
Fig. 3):
■ Upon registration, organ isations can subscribe to  an autom ated in form ation  to o l: every three 

weeks the subscriber w ill receive an em ail w ith in form ation  on the latest techno logy profiles 
tha t have been published w ithin technology sectors tha t are o f interest to  the subscriber.

■ The visitor can browse th rough the IRC-database o f all technology profiles w ithin the sectors 
o f interest to  the M AREDFIow-consortium .

■ The registered visitor can enter proposals fo r techno logy profiles, these w ill be processed 
further by IRC-Flanders and routed to  the IRC tha t represents the region o f the registered 
visitor.

■ The registered visitor can enter expressions o f interest on any o f the profiles tha t can be 
browsed th rough the op tion  described above in point 2. These expressions o f interest are 
processed to  the IRC representing the region o f the registered vis itor and this IRC will 
establish the contact between the registered visitor and the pro file -ow ner.

■ The visitor can browse in form ation  on brokerage events tha t are planned in the IRC-Network 
in techno logy fields that are o f interest to  the MAREDFIow consortium . The in form ation  on 
each event includes possibilities fo r subscribing at the event.
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Conclusion

In this pro ject, there was the challenge o f tw o European funded projects w orking together. O n  
the one hand, there is the MAREDFIow pro ject in the call 'Regions o f Know ledge'. O n  the other 
hand, we have the IRC-Flanders as node in the European IRC-Network. Since both have the 
objective o f stim ulating techno logy transfer, it was in a sense log ica l to  try to  com bine  efforts. 
Between the idea and the concrete rea lisa tion, a lot o f resources have been spent. Nevertheless, 
we th ink tha t the end result may be considered as a good  practice. W e hope tha t in the end 
these may lead to  a cross-border intensive know ledge transfer in the m aritim e sector, with 
concrete spill-overs to  the d ifferent reg ional econom ies involved.
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Abstract

Since the 1980s, the nautica l bo ttom  in the ou te r h a rb o u r o f Z eeb rugge  is de term ined by the 
1 1 5 0 k g .m '3 density level, as due to  s ilta tion  conven tiona l bo ttom  survey techniques are no t adequa te . As 
a consequence o f m od ifica tions  o f the m ud layer characteristics, a revision o f this crite rion  was required. 
A  research p ro ject, invo lv ing  com prehensive  cap tive  m ode l testing in a m anoeuvring  tan k  w ith a bo ttom  
covered w ith m ud s im u la ting  m ateria ls , m athem atica l m o d e llin g  and  rea l-tim e  fu ll m ission b ridge  
s im u la to r runs, resulted in new crite ria , based on the ship be ha v iou r and c o n tro lla b ility  in m uddy 
nav iga tion  areas. The ap p lica tio n  o f the results o f this research p ro je c t increases the effic iency o f 
m a in tenance  d re dg ing  works and con tribu tes to  the safety o f sh ipp ing  tra ffic , as the pilots invo lved in the 
m anoeuvres ob ta in  a m ore  p ro fo un d  ins igh t in to  specific  aspects o f ship behaviour.

Motivation

Introduction

Due to  sedim entation, perm anent m aintenance dredg ing works are required to  keep many ports 
accessible fo r deep-drafted sea-go ing vessels. In case o f hard bottoms such as rock, clay o r 
sand, the depth o f the navigation areas can be determ ined unam biguously by means o f echo 
sounding techniques; if the bottom  is covered with soft mud layers, however, the boundary 
between w ater and bottom  may be hard to  define. In this case, the custom ary concepts 'b o tto m ' 
and 'd e p th ' are to  be replaced with 'nau tica l bo ttom ' and 'nau tica l dep th '.

N av iga tion  in m uddy areas is not a new problem . The Flemish coastal harbour o f Zeebrugge is 
subject to  sedim entation since its m a jo r extension in the 1970s. A lso in o ther harbours all over 
the w orld , the defin ition  o f the bottom  and sounding techniques needs to  be adapted to  the 
presence o f sedim entations: this is the case fo r the access channels to  several harbours in the 
N etherlands (Rotterdam), France (Bordeaux, Nantes -  Sa int-N azaire, Cayenne), G erm any 
(M oderort, Emden, W eser, Brunsbüttel fairways) and the USA. In many harbours (e.g. Bangkok, 
M araca ibo ), it is even com m on practice to  navigate th rough the mud layer.

N either is ship con tro llab ility  in m uddy navigation areas a new research top ic . The first tests with 
a tanker m odel above and in contact with mud layers sim ulated by a m ixture o f ch lorinated 
paraffin  and kerosene were carried ou t in 1976  at MARIN (W ageningen, the Netherlands: 
Sellm eijer et a l., 1983). In 1 9 8 6 -8 9 , a p re lim inary test facility  fo r se lf-prope lled ship models 
was constructed at Flanders Hydraulics Research (Antwerp, Belgium: Van C raenenbroeck et a l., 
1 9 9 1 ; Vantorre , 1991) in o rder to  investigate some aspects o f a ship's behaviour in muddy 
waterways; fo r this purpose, both natura l, a rtific ia lly  com posed and sim ulated mud layers were 
used. Also at SOGREAH (G renob le , France: Brossard et a l., 1990) tow ing tests with a tanker 
m odel were carried ou t in 1989 . M ore  recently, m odel tests were conducted at the 
Bundesanstalt fü r W asserbau in H am burg (Uliczka, 2 0 0 5 ). N ot only m odel tests were
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conducted : reports o f full scale experiences w ith ships navigating with reduced and even 
negative under keel clearance referred to  the w ater-m ud interface in Rotterdam, Nantes -  Saint- 
Nazaire and Zeebrugge were published in the 1 970s and 80s.

The present paper intends to  give an overview o f a com prehensive research pro ject executed in 
2 0 0 1 -2 0 0 4  at Flanders Hydraulics Research (Antwerp) in close coopera tion  w ith the M aritim e 
Technology Division o f G hent University, with the main purpose o f redefin ing the boundaries o f 
safe navigation in the harbour o f Zeebrugge. This investigation, tha t was required due to  
considerab le  m odifica tions o f the local mud properties, fo llow ed an innovative approach  as the 
defin ition  o f the nautical bottom  is closely linked to  the acceptab le  limits o f ship behaviour and 
contro llab ility .

N autical bottom concept

Defin ition

The navigation o f ships in channels and harbours subject to  sedim entation is closely linked to  
the nautical bottom  concept tha t is often introduced in these areas in case o f difficulties with 
bottom  survey techniques o r with the interpretation o f survey results. A  typ ical exam ple is the 
frequency dependence o f the results o f echo-sounding: while  h igh-frequency echoes (e.g. 
210kHz) reflect at the m ud-w ater interface, lower frequency signals (e.g. 33kHz) penetrate 
much deeper into the mud and also give less c lear results.

A  jo in t PIANC-IAPH w orking g roup  (PIANC, 1997) defined the nautical bottom  as 'the level 
where physical characteristics o f the bottom  reach a critica l lim it beyond which contact w ith a 
ship 's keel causes e ither dam age o r unacceptable effects on con tro llab ility  and 
m anoeuvrab ility '. In this way, the nautical bottom  is identified as the level tha t should not be 
touched by the ship 's keel. In case o f a hard bottom , this is an obvious statement, but the 
defin ition  is valid in o ther situations where the bottom  can be defined in d ifferent ways, e.g. 
when the bottom  is covered with boulders o r sand dunes. In m uddy areas, the nautical bottom  
can be interpreted as the level where the navigable  flu id  mud ends and the non-navigab le  
seabed begins.

Im plem entation

The strength o f this defin ition  is, therefore, the very general app lica tion  fie ld . O n  the other 
hand, this defin ition  rather suggests a general ph ilosophy, w ithout giving a practical so lution. 
O n  the contrary, a num ber o f questions are raised:

■ W hich physical characteristic should be selected?
■ W hich num erical value fo r this characteristic should be considered as a critica l value?
■ W hat is m eant by 'unacceptab le  effects'?

W ith respect to  the last question, it is c lear tha t the degree o f acceptance depends on a huge 
variety o f -  objective and subjective -  param eters, including local environm enta l cond itions, 
degree o f tra in ing  and expertise o f the pilots, ava ilab ility  o f tug assistance, qua lity o f aids to  
nav iga tion , econom ic considerations.

C onsidering the first tw o questions, it is most obvious tha t a physical characteristic should be 
selected tha t is d irectly linked with forces exerted by contact between a ship 's hull and mud 
layers. In this respect, a rheo log ica l property -  such as viscosity o r yield stress (i.e. the shear 
stress to  be overcom e in o rder to  initia lise m ateria l flow) -  could be used to  determ ine a
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suitab le criterion. A ty p ic a l dep th-rheo logy relation is shown in Fig. 1, left. Just below  the water- 
mud interface, the rheo log ica l properties o f the mud are hardly d ifferent from  those o f water. At 
a certain level, defined as the 'rh eo lo g ica l trans ition ', yield stress and viscosity increase very 
quickly with depth. M oreover, fu ll scale tests with a suction hopper d redger in Zeebrugge have 
shown tha t a ship's behaviour becomes unacceptable  if her keel touches this level: a ship 
becomes uncontro llab le  and fo llows the 'easiest' way in the mud. At the same tim e, it is 
practically impossible to  decrease speed, even not at one o r tw o knots. This rheo log ica l 
transition level could therefore  be identified as the nautical bottom .

yield stress
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rheological transition
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4—1
Q.0)■a
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rheological transition 2

\
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Fig. 1. Rheology as a function  o f depth in Z eeb rugge ha rbou r: m easurem ents in 1 9 8 7  (De M eyer and 
M a lhe rb e , 1987) and  19 97 .

Nevertheless, most ha rbour and waterways authorities tha t have introduced the nautical bottom  
concept make use o f a density criterion: in Rotterdam, Nantes -  Sa int-N azaire and Bordeaux a 
density level o f 1 2 0 0 k g .m '3 has been adapted ; in Cayenne, the nautical bottom  coincides with 
a density o f 1 2 7 0 k g .m '3. An exception should be m ade fo r  the m ethodo logy app lied  in the 
access channels to  G erm an harbours, where a dynam ic viscosity o f lOPa.s is used as a 
crite rion ; the corresponding density values vary from  1100  to  12 5 0 k g .m '3 (Uliczka and 
Liebetruth, 2 0 0 5 ). The reason fo r  this varia tion  can be found in the fact that there is no fixed 
re lationship between the mud density -  a characteristic tha t is d irectly related to  the 
concentra tion o f solid m ateria l in the suspension -  and the rheo log ica l properties o f the mud. It 
is c lea r that the latter increase with increasing density, but also the dim ensions o f the solid 
particles matter: fo r  an equal density, the viscosity increases if the fraction o f sm all particles is 
larger. Therefore, the rheo log ica l properties also depend on the mud content, i.e. the fraction 
o f particles sm aller than 63¡Jm. Therefore, it is impossible to  define a universal value fo r  the 
critical density.

The reason why the nautical bottom  is usually expressed in function o f a critica l density, is 
related to  the disadvantages o f rheo log ica l in-situ measurements. A  continuous rheo log ica l 
survey m ethod, com parab le  to  echo-sounding, is not ava ilab le . Furtherm ore, mud rheology is 
influenced by the sam pling m ethod, which makes it d ifficu lt to  com pare  data from  d ifferent 
sources. This is a consequence o f the th ixotropy o f the mud: the yield stress decreases if the 
m ateria l is d isturbed, so that mud behaves m ore like a liquid a fte r it has been stirred.

It can therefore be concluded that a rheology-based property such as the rheo log ica l transition 
level provides an excellent crite rion , but can only be determ ined by tim e-consum ing point 
measurements. In o rder to  provide a practical crite rion , a critica l density is selected, based on 
considerations abou t the rheo log ica l properties o f the local mud. In Zeebrugge, the density 
corresponding with the rheo log ica l transition  was determ ined at a large num ber o f locations;
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eventually, the 115 0 k g .m '3 was selected as at a ll locations the rheo log ica l transition  was 
located below  tha t horizon (Kerckaert e ta / . ,  1 9 8 5 , 1988).

The use o f classical echo-sounding techniques in a nautical bottom  approach  requires some 
attention (Fig. 2). If acoustic signals with d ifferent frequencies reflect at d ifferent levels, a useful 
qua lita tive  ind ication  is given abou t the presence o f flu id  mud layers. H igh frequency echoes 
(100-21 OKHz) ind icate the interface w ater-m ud, while  low  frequency signals (15-33KHz) 
penetrate deeper and are norm ally reflected somewhere in the conso lidated mud layer o r the 
hard bottom .

tokH

I kHz

Fig. 2 . Echo sound ing  in m uddy areas: high and  low  frequency 
signa l (De Brauwer, 2 0 0 5 ).

At some locations, the low  frequency echo is considered to  co inc ide  with the nautical bottom . 
This approach  offers the advantage o f sim plic ity: no add itiona l instrum entation is required. O n  
the o ther hand, the in terpretation o f low  frequency echoes in mud layers is rather subjective, as 
several echoes may be registered. M oreover, several observations show tha t the reflection o f a 
low  frequency signal takes place at a level where the mud is characterised by a considerab le  
yield stress and viscosity.

A d d itiona l requirem ents

In o rder to  guarantee safe navigation in muddy areas, a c lear defin ition  and practical survey 
m ethod fo r determ ining the nautical bottom  is a first requirem ent. However, add itiona l 
in form ation  is required to  assess safety o f navigation.

In the first p lace, a m in im um  value o f the under keel clearance (UKC) needs to  be determ ined; 
this value may depend on tem pora l and local cond itions, as is also the case above a hard 
bottom .

The p ilo t and master should a lso have a c lear insight into the ship behaviour in the given 
cond itions. A  ship may be con tro llab le , but her reactions to  actions o f rudder, prope lle r, bow 
thruster o r tugs may be com plete ly d ifferent com pared to  solid bottom  conditions. This 
behaviour may depend on a variety o f param eters, such as vessel speed, the ship 's (positive o r 
negative) under keel clearance referred to  the m ud-w ater interface, the physical characteristics 
o f the mud layers touch ing  the ship 's keel, etc.

Revision o f the nautical bottom  criterion fo r the harbour o f Zeebrugge

The m ethodo logy described above to  determ ine the nautical bottom  by means o f a critical 
density is a p ragm atic one, but has several drawbacks. In the first p lace, it should be borne in 
m ind tha t this density level has no absolute va lue, but is linked to  the local mud characteristics.



Secondly, the va lid ity o f this critica l density value should be checked on a regular base, as mud 
characteristics such as m ud/sand content may vary over the years.

In the outer harbour o f Zeebrugge, the determ ination  o f the nautical bottom  based on a critical 
density value o f 115 0 k g .m '3 worked well in practice fo r several years. In the mid 1990s, 
however, an increase o f the mud layer thickness was observed; m oreover, it appeared to  be 
more d ifficu lt to  contro l the 11 5 0 k g .m '3 level by m aintenance dredg ing works. A  measuring 
cam paign  in 1997  revealed tha t the rheology pro file  o f the mud had s ign ificantly changed 
(Fig. 1, right). A  first, sm all rheo log ica l jum p occurred just be low  the w ater-m ud interface while 
a second, more im portan t one occurred at a depth o f 3 to  4m  under the interface, 
corresponding with a density tha t is s ign ificantly h igher than the current critica l value o f 
11 5 0 kg .m '3. The interested parties consequently considered an increase o f the critica l density 
lim it. For m aintenance dredg ing the intrinsic dredge ou tpu t could be s ign ificantly im proved by 
d redg ing mud o f a h igher density.

From a nautical perspective, however, an increase o f the critica l density w ou ld  have im portant 
consequences. W ith a critica l density o f 11 5 0 k g .m '3 and an under keel clearance o f 10% of 
d ra ft the ship 's keel hardly ever touches the mud layer, but an increase o f the critica l lim it would 
inevitably result in contact between the keel o f deep-drafted conta iner ships and the mud layer 
and possibly in unacceptable effects on ship handling. In o rder to  investigate these effects, a 
research pro ject was started at Flanders Hydraulics Research in Antwerp, with the scientific 
support o f the M aritim e  Technology Division o f G hent University. Indeed, the in form ation  
ava ilab le  appeared to  be insufficient fo r a com plete  assessment o f con tro llab ility  o f ships in 
contact w ith mud layers, so tha t m ore in depth research was required (PIANC, 1 99 7 ; Vantorre, 
1994).

In itia l state of the a rt

As m entioned above, only a few research institutes have investigated ship behaviour in m uddy 
areas. A  sum m ary o f the results o f these research projects w ill be given in o rder to  define the 
in itia l state o f the art.

Causes o f deviating behaviour

At first, the causes o f d ifferent behaviour due to  the presence o f mud layers com pared to  a solid 
bottom  situation are considered. Two main causes can be identified:
■ the rheo log ica l properties o f the m ud;
■ the presence o f a second flu id  layer and, therefore, a second interface: above a solid bottom , 

only a w ater-a ir interface is present, while in m uddy areas also a w ater-m ud interface occurs.

A lthough interactions cannot be den ied, in general it can be stated tha t the first cause is m ainly 
o f im portance in case o f contact between the ship 's keel and the mud layer; the second, on the 
o ther hand, also affects the ship 's behaviour in case no contact takes place, as a result of 
undulations -  vertical interface m otions -  generated in the m ud-w ater interface due to  the 
pressure fie ld around the m oving hull.

Interface undulations

These vertical interface m otions are influenced by the ship 's forw ard speed (Fig. 3):

■ At very low  speed, the interface remains practically undisturbed (1 st speed range).
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■ At interm ediate speed, an interface sinkage is observed under the ship's entrance, which at a 
certa in section changes into an elevation. This internal hydraulic jum p is perpend icu la r to  the 
ship 's long itud ina l axis and moves towards the stern with increasing speed (2nd speed range).

■ At h igher speeds, the interface jum p occurs behind the stern (3rd speed range).

Fig. 3. M ud -w a te r in te rface undu la tions: second speed range (above), th ird  speed range (below) 
(Vantorre, 2 0 0 1 ).

It can be shown by means o f a s im plified theory tha t the critica l speed separating the second 
and th ird  speed ranges can be ca lcu lated as a function o f the mud to  w ater density ratio  and 
the water depth (Fig. 4). It is c lear tha t this critica l speed value is situated in the usual speed 
range at which harbour approach  takes place.

Resistance and propulsion

The effect o f interface de fo rm ation  on the propulsive properties o f a ship is clearly illustrated by 
the relation between forw ard speed and p rope lle r rate. In the second speed range, a given 
p rope lle r rpm results in a s ign ificantly low er speed com pared to  a solid bottom  situation; it 
appears to  be d ifficu lt to  overcom e the critica l speed. In the th ird  speed range, the effect o f the 
m uddy bottom  is practically nil (Fig. 5). The transition  between second and th ird  speed range is 
very c lear at under keel clearances o f 10 to  20%  o f d ra ft relative to  the interface, but is 
sm oothed with decreasing under keel clearance.

O ne  would expect this effect to  be caused by increased resistance in the second speed range. 
There are ind ications, however, tha t the speed reduction in the second speed range observed in 
the speed-rpm  relationship is not caused by increased resistance, but by obstruction o f the flow  
to  the p rope lle r due to  contact between the ship 's keel and the risen interface. An im portant
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increase o f the thrust coeffic ient is observed in these cond itions, which indicates an increase o f 
the wake factor.

It can be concluded that poo r propulsive efficiency can occur in the second speed range, if the 
risen interface touches the ship's keel, while the entrance is fu lly in contact with the water. In
these cond itions, con tro llab ility  problem s with a 
may affect the stopping distance.

1 1.05 1.1 1.15 1.2 1.25 1.3
P2'P1

Fig. 4 . C ritica l speed separa ting  2nd  and 3 rd  speed 
ranges as a func tion  o f m ud -w a te r density 
p2/p i  ra tio  fo r  d iffe ren t w a te r depths hq :

U c,„ =  [0.296 g h ^ l - p , ^ ) ] 05 

(Vantorre, 2001  ).

backing p rope lle r are expected as well, which

3rd speed range

2nd speed range

Muddy bottom 
h1/T= 1.20

0 20 40 60
propeller rate (rpm)

Fig. 5 . R e lationship speed -  p ro p e lle r rate:
in fluence o f bo ttom  characteristics and 
under keel c learance  (Vantorre, 2 0 0 1 ).

M anoeuvrability

Sim ulations based on the captive m odel tests carried out at MARIN resulted into fo llow ing  
conclusions concern ing the effect o f mud on ship m anoeuvrability:

■ The effect o f mud is larger at low speed (3 knots) than at h igher speed (7 knots).
■ M anoeuvres are slower with m ud, especially at low  positive UKC relative to interface.
■ M ud slackens steady m otions (speed, d rift, rate o f turn during turn ing circle tests), but 

accelerates dynam ic m otions (overshoot and swept path during zigzag tests).
■ A  corre la tion  between m anoeuvrab ility  and internal waves is observed.

Rudder action is affected due to the presence o f a flu id  mud layer in several ways. The most 
striking effect is so-called instability o f rudder action which was observed during se lf-prope lled 
m odel tests at Flanders FHydraulics Research if the ship's keel touches both w ater and mud: in 
these cond itions, a rudder deviation may lead to reversed effects at small rudder angles.

Sum m arised, m anoeuvrab ility  and con tro llab ility  are m ainly affected at low speed and small 
positive under keel c learance referred to the m ud-w ater interface.

Discussion

The conclusions o f fo rm er research program s are certa inly useful fo r a better understanding o f 
the physical mechanisms that cause the m odified  ship behaviour in m uddy navigation areas.
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However, the ava ilab le  in form ation  was certa in ly not sufficient fo r redefin ing the nautical bottom  
in the harbour o f Zeebrugge. As a m atter o f fact, several questions rem ained unanswered:

Accord ing  to  the in form ation  summ arised above, ship behaviour is mostly affected at small 
positive under keel c learance with respect to  the m ud-w ater interface; fu rther penetration into 
the mud would lead to  an im provem ent o f the con tro llab ility  o f the ship. O n  the o ther hand, 
com m on practice indicates that there must be a m axim um  acceptab le  penetration into the 
mud.
Previous w ork m ainly considered low  viscosity mud layers, so tha t the present range o f 
rheo log ica l characteristics o f the Zeebrugge mud was not covered (Fig. 6).
O n ly  fu ll fo rm  ships, m ainly tankers, were investigated in the past, while presently conta iner 
tra ffic  has the highest priority fo r most harbours, includ ing Zeebrugge.
A  com ple te  m athem atical m odel a llow ing  sim ulation o f harbour manoeuvres, including 
backing and berth ing, has to  be ava ilab le  to  assess the fu ll range o f manoeuvres tha t a ship 
arriv ing at o r departing from  the harbour has to  carry out by means o f rea l-tim e sim ulation
runs.
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Fig. 6. Density-viscosity com b in a tion s : observations in Z eeb rugge  (1998 ) and m odel tests.

An extensive research program  has therefore been carried out at Flanders Hydraulics Research, 
Antwerp, with the scientific support o f the M aritim e  Technology division o f G hent University. The 
pro ject consisted o f three phases:

■ captive m odel tests in the tow ing tank fo r manoeuvres in sha llow  water with ship models 
navigating above and th rough  sim ulated mud layers;

■ deve lopm ent o f m athem atical models suited fo r m anoeuvring sim ulation based on the m odel 
test results;

■ execution o f fast-tim e and real-tim e sim ulation runs in realistic situations.
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Experimental program

Test facilities

Flanders Hydraulics Research, the hydraulic research station o f the Waterways and M aritim e 
Affairs Adm in istra tion  o f the M inistry o f Flanders, is particu larly concerned with the investigation 
o f ship hydrodynam ics fo r problem s in relation with the concept, adapta tion  and opera tion  of 
navigation areas. Therefore, the (very) sha llow  w ater range -  occurring in access channels, 
canals, harbours -  is a main research dom ain .

N autica l aspects o f these problem s can be investigated by means o f two full mission ship 
m anoeuvring sim ulators. In o rder to  provide the m athem atical m odel o f these sim ulators with 
re liab le  and realistic da ta , experim ental facilities fo r ship m odel testing have been developed. At 
present the latter consist o f a sha llow  water tow ing tank (8 8 m *7 .0 m *0 .6 m ), equipped with a 
p lana r m otion carriage, a wave genera to r and an auxiliary carriage fo r ship-ship interaction. 
The com puterised contro l and da ta -acqu is ition  allows fu lly au tom atic  opera tion  o f the facilities, 
so tha t tests can be perform ed tw enty-four hours a day, seven days a week.

Ship models

For the investigation o f navigation in m uddy areas, tw o 1/7 5 -sca le  models were selected: a 
6 0 0 0  TEU conta iner ca rrie r (model D: Lpp=  2 8 9 .8 m ; B =  4 0 .2 5 m ; T =  1 3 .5 0 m ; C B=  0 .59 ) and 
a full fo rm  (type tanker /  bulk carrie r, m odel E: Lpp=  2 8 6 .8 m ; B =  4 6 .7 7 m ; T =  1 5 .5 0m ; 
C b =  0 .82 ). A  lim ited num ber o f m odel tests was also conducted with an 8 0 0 0  TEU conta iner 
carrie r (model U: Lpp= 3 3 1 .8 m ; B = 4 2 .8 m ; T =  1 4 .5 m ; C B= 0 .6 5 ; scale 1 /8 0 ) . M ost experiments 
have been carried ou t w ith m odel D, taking account o f the im portance o f con ta ine r tra ffic  fo r 
the harbour o f Zeebrugge. A ll ship models were equ ipped with a p rope lle r and a rudder.

Bottom conditions

The mud was sim ulated by a m ixture o f tw o types o f ch lorinated paraffin  and petro l, so that 
both density and viscosity cou ld , w ithin certa in ranges, be con tro lled . For environm enta l 
reasons, the tank was divided into three com partm ents: a test section, a 'm u d ' reservoir and a 
w ater reservoir. Bottom and walls were covered w ith a polyethylene coating (Fig. 7).

Fig. 7. T ow ing tan k  la y -ou t (pho tog raph  Flanders Hydrau lics Research).
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The selected density-viscosity com bina tions and the tested bottom  conditions are represented in 
Fig. 6. This selection was based on measurements o f density and rheology profiles in situ 
carried out in the outer harbour o f Zeebrugge in 1 9 9 7 -9 8 . A  mud layer con figura tion  is defined 
by tw o characters: a letter (b, . . . ,  h), denoting the m ateria l characteristics and a figure  (1, 2 , 3), 
representing the layer thickness (0 .75m , 1 .50m  and 3 .0 0 m , respectively). Tests carried out 
above a solid bottom  are referred to  as 'S '. The bottom  conditions app lied  to  ship m odel D are 
listed in Table I.

Table  I. Tested bo ttom  cond itions  fo r  m ode l 'D ' (6 0 0 0  TEU con ta in e r carrier)

M ud  type 'd ' 'c V T V 'e ' I f  IÇ fg s
Density (kg .m '3) 1 100 1 1 5 0 11 80 1 2 0 0 1 2 1 0 1 2 6 0 1 2 5 0
D ynam ic viscosity (Pa.s) 0 .0 3 0 .0 6 0 .1 0 0.11 0 .1 9 0 .2 9 0 .4 6
Layer thickness no. 1 /2 /3 1 /2 /3 1 /2 /3 2 1 /2 /3 2 1 /2 /3  -

For m odel D the under keel clearance relative to  the tank  bottom  was varied between 7 and 
32%  o f d ra ft, y ield ing an under keel clearance relative to  the m ud-w ater interface varying 
between -1 2  and + 2 1 %  (see Fig. 8). For m odel 'E ' the values fo r the under keel c learance 
were extended between 10 and 15% o f d ra ft referred to  the tank bottom , and from  -1 0 %  to 
+  1 0% relative to  the m ud-w ater interface.

3 .0  m
+ 1 0 %  + 1 5 %  + 2 6 %  + 3 2 %

1.5 m 0 .7 5  m
+  10% + 1 5 %  + 2 6 %  + 3 2 %  + 1 0 % - 15%

-1 2 %  -7 % + 4 % - 10% - 1 % + 4 % + 1 5 %  + 2 1 % + 4 % + 9 %

Fig. 8 . Tested com b in a tion s  o f m ud layer thickness (1 st row ), under keel c learance  to  so lid  bo ttom  (2nd 
row) and  to  m ud -w a te r in te rface (3rd row).

Test types

For each com b ina tion  o f mud type, layer thickness and under keel c learance, a captive test 
p rogram  was carried ou t fo r determ in ing m athem atical m anoeuvring models covering a range 
o f fo rw ard speeds between 2 knots astern and 10 knots ahead. During captive m odel tests, a 
tra jectory in the horizontal plane -  involving com bined long itud ina l (surge) and lateral (sway) 
translations and rota tion abou t the vertical axis (yaw) -  is imposed to  the ship m odel by means 
o f the p lanar m otion carriage; however, the ship m odel is free to  move in the vertical plane 
(heave, pitch). The roll m otion was fixed during the test p rogram . These m otions can be 
com bined with rudder and p rope lle r actions, which do  not influence the ship 's tra jectory, but 
make it possible to  investigate the effect o f contro l parameters on the hydrodynam ic forces and 
m om ent acting on the ship. Indeed, during captive tests, lateral and long itud ina l force 
com ponents are measured at tw o m easuring posts, fore and aft, so tha t the horizontal force 
com ponents and yaw m om ent due to  a com b ina tion  o f kinem atic (velocities, accelerations) and 
contro l (rudder ang le , p rope lle r rate) on the ship. Forces acting on the rudder (norm al and 
tangentia l com ponents, torque) and the p rope lle r shaft (thrust, torque) are measured to o , as
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well as the vertical ship m otion (sinkage, trim ). In particu la r cases, the vertical m otion o f the 
m ud-w ater and w a te r-a ir interfaces were registered as well.

The experim ental program  consisted of:

■ Bollard pull tests: tests at zero speed with varying rudder ang le  and p rope lle r rate;
■ Stationary stra ight-line  tests ( 'ob lique  to w in g '): com b ina tion  o f ship speed, p rope lle r rate, 

rudder ang le  and d rift ang le ;
■ H arm on ic yaw and sway tests: com bina tions o f speed, rpm , am p litude  and period;
■ M u ltim oda l tests: harm onic va ria tion  o f p rope lle r rpm , rudder ang le  o r ship speed;
■ C om bined m ultim odal tests fo r va lida tion .

For each com b ina tion  o f ship m odel, bottom  cond ition  and under keel c learance, a standard 
test program  o f 224  runs was carried out.

M athem atical m anoeuvring model 

G eneral concept

Based on the results o f the captive m odel tests, a m athem atical m anoeuvring m odel fo r 
s im u la tion  purposes has been developed fo r each com b ina tion  o f ship m odel, bottom  cond ition  
and under keel clearance. A  m athem atica l m anoeuvring m odel consists o f a set o f equations 
expressing the long itud ina l (X) and lateral (Y) force com ponents and the yawing m om ent (N) as 
a function o f the ship 's horizontal m otion (velocities, accelerations) and contro l parameters 
(rudder and p rope lle r actions). The m athem atical models are o f the m odu la r type, so tha t the 
force and m om ent com ponents are expressed as a sum o f hydrodynam ic reactions on the hull, 
and terms induced by the p rope lle r and rudder action : F =  FH +  FP +  FR.

The m athem atical models have to  be valid in a broad range o f cond itions; during the access to  
a harbour, all com bina tions o f speeds (ahead and astern) and p rope lle r rates (forward and 
reversed) occur, so tha t the m odel should be able to  sim ulate fou r-quad ran t p rope lle r action , 
toge ther with d rift and yaw angles from  0 to  360deg . It was decided to  fo rm u la te  force 
com ponents by determ ining functions o f non-d im ensiona l parameters in a ta bu la r fo rm , rather 
than a ttem pting to  define analytica l expressions.

For m ore details abou t and a com plete  fo rm u la tion  o f the m athem atical m odel, reference is 
made to  Delefortrie  et al. (2005). O n ly  some typ ical aspects regarding the influence o f the 
bottom  properties on ship m anoeuvrab ility  w ill be m entioned in this chapter.

Hull forces

Follow ing results are o f interest fo r a better insight into the physical mechanisms determ ining a 
ship's behaviour in m uddy navigation areas:

■ The effect o f the under keel clearance on the ship's resistance is shown in Fig. 9 fo r several 
bottom  conditions. A  very sharp increase o f resistance is observed in case o f contact with high 
density mud layers; in case o f lower density m ud, on the o ther hand, the interface does not 
appea r to  be a strict boundary.

■ H ydrodynam ic inertia ('added mass') terms fo r sway and yaw increase s ign ificantly with 
decreasing w ater depth and increasing density and viscosity o f the mud layer, as is illustrated 
in Fig. 1 0. In case the ship's keel penetrates deep into the m ud, very large values are 
observed, up till seven times the ship's mass -  which implies tha t fo r inducing a lateral
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m otion, an equ iva lent mass equal to  e ight times the ship 's own mass needs to  be accelerated. 
The layer characteristics appear to  be im portan t param eters, even if no contact occurs with 
the mud layer: the sha llow  water effect is sm oothened w ith increasing layer thickness and 
decreasing mud density and viscosity. Indeed, an abrup t transition  cannot be observed at 
h ,/T  =  1.
The m agnitude o f lateral force and yawing m om ent due to  d rift increases sign ificantly with 
decreasing w ater depth, as is illustrated in Fig. 1 1 (left). However, this increase appears to 
stagnate when the keel touches the interface; penetration into the mud layer does not result 
into a further increase. For a given positive under keel clearance relative to  the interface, the 
presence o f a mud layer appears to  sm ooth the sha llow  water effects, especially in case o f 
layers with low  density and viscosity (Fig. 1 1, right).
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Fig. 1 1. Ship m ode l D. N o n -d im en s ion a l d rift induced  la te ra l fo rce  as a func tion  o f d rift angle: 
in fluence o f under keel c learance  (left) and bo ttom  characteristics (right).
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Propeller induced forces

The long itud ina l force acting on the ship due to  p rope lle r action depends on the p rope lle r 
thrust, but also on the thrust deduction facto r; the larger the thrust deduction facto r, the sm aller 
the fraction  o f the thrust tha t is useful fo r the ship 's p ropu ls ion. A  larger value fo r this facto r -  
which implies a sm aller long itud ina l force fo r a given thrust -  is obta ined at positive under keel 
clearances relative to  the interface with high density mud layers; if the ship's keel touches the 
mud, on the o ther hand, the thrust deduction fac to r is larger fo r the lightest mud layers.

The p rope lle r thrust is determ ined by the p rope lle r rate and the axial in flow  velocity. The latter 
depends on the ship 's forw ard speed, but a lso on the wake facto r: a larger va lue fo r this fac to r 
implies a sm aller in flow  velocity and , therefore, a la rger p rope lle r load ing. The wake facto r is 
clearly affected by the bottom  conditions:

■ the wake fac to r increases with decreasing mud density, which implies an obstruction o f the 
flow  to  the p rope lle r; this phenom enon can be ascribed to  the vertical interface m otions;

■ contact between the sh ip1 s keel and higher density mud layers causes an in flow  o f tw o fluids 
into the p rope lle r, resulting into h igher thrust and to rque and , therefore, small wake facto r 
values.

Fig. 12 shows tha t the effect o f the presence o f mud on the overall efficiency o f the p rope lle r: 
com pared to  a solid bottom , a s ign ifican t loss o f efficiency is stated, especially fo r negative 
under keel clearances.
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—o -d 1  
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0.8 1 1.4

Fig. 12. Ship m odel D. O ve ra ll p ro pe lle r e ffic iency: effect o f 
bo ttom  characteristics and under keel c learance.

Besides a long itud ina l fo rce , p rope lle r action also causes a lateral force and a yawing m om ent, 
due to  asymmetry o f the flow . This phenom enon is especially im portan t in the 2nd and 4th 
quadran t (com bination o f forw ard speed and backing p rope lle r, o r m otion astern and prope lle r 
ahead). In sha llow  water, it is observed tha t these actions are not constant in tim e, but conta in 
an im portan t slowly oscilla ting com ponen t, the am plitude  o f which is in the o rder o f m agnitude 
o f the p rope lle r thrust. This effect was also included in the m athem atical m odel.
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Rudder induced forces

The forces and yawing m om ent caused by rudder action depend on the axial flow  into the 
rudder. The latter is a function o f the forw ard speed and the p rope lle r rate, but also o f the 
(long itud ina l and lateral) rudder wake factors. The latter are significantly affected by the bottom  
cond ition  and the under keel clearance: the wake factors decrease -  and, consequently, the 
flow  to the rudder improves -  with increasing mud density and with increasing under keel 
clearance. As a result, the in flow  to the rudder is very unfavourab le  when the ship penetrates 
deep into soft, low density mud layers.

Interface undulations

Several phenom ena described above are at least partia lly  linked to the de form ation  o f the m ud- 
w ater interface. Some examples o f measured interface m otions are shown in Fig. 13. The 
am plitude  o f the rising increases and its position moves more aft with increasing ship velocity 
and decreasing mud density. However, there is a lim it to this increase. O nce  the maxim um  
occurs at a certain distance a fter the ship, the rising w ill even d im inish. W hen the ship's keel 
penetrates the mud layer, two maxima are observed, one am idships and a second one aft. The 
second maxim um  w ill increase, while the first maxim um  w ill decrease, with increasing speed 
and decreasing mud density.

Layer thickness: 

Density:

Ship’s speed:

Layer thickness: 

Density:

Ship’s speed:

- 12%

-7 %

+ 4 %

+10%

- 12 %

- 7 %

+ 4 %

+10%

1100 kg/m3 

10 knots
UKC to interface: UKC to interface:

5 knots

Fig. 1 3. U ndu la tions o f the in terface: in fluence o f speed and under keel c learance.

W ith the present measurements the transition from  the second to the th ird  speed range takes 
place at a h igher speed than ca lcu lated with the fo rm u la  m entioned in Fig. 4 , p robably due to 
viscosity effects.

R eal-tim e sim ulation runs 

Purpose

The fina l purpose o f the research program  consisted in determ ining revised opera tiona l limits 
fo r the navigation in the m uddy areas o f the harbour o f Zeebrugge. As the pilots play a central 
role in the sh ipping tra ffic  to and from  Zeebrugge, the input o f the ir experience and assessment 
in this pro ject was required and highly appreciated. For a selection o f bottom  conditions, a rea l­
tim e sim ulation program m e was organised with Zeebrugge pilots at the full mission bridge 
s im u la to r o f Flanders Hydraulics Research, Antwerp. All runs were carried out with a conta iner 
carrie r (length over a ll: 3 0 0 .0 m ; beam: 4 0 .2 5 m ; draft: 13.5m ) ca lling  at and departing from  
the harbour o f Zeebrugge.

Two fu ll bridge sh ip-m anoeuvring simulators have been installed at Flanders Hydraulics 
Research fo r research and tra in ing : S IM 225 with a visual system o f 2 25° view and S IM 360 +  
with 360° view and lateral view o f the ship's hull. S im ulation runs in m uddy navigation areas
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were carried out with S IM 225 (Fig. 14). Both sim ulators consist o f a m ock-up o f a ship's 
navigation bridge with te legraph, rudder, radar, etc. C om m un ica tion  equ ipm ent is ava ilab le  
and m anoeuvres can be assisted by up to fo u r tugs.

Fig. 14. F landers Hydrau lics Research, ou tside view  
o f fu ll m ission bridge  s im u la to r S IM 22 5 .

Leopold II Dam

Fig. 15. S im u la tion  runs: tra jec to ry

The sim ulation program m e was com posed paying attention to several aspects:

■ Q ua lita tive  va lida tion  o f the m athem atical models. In o rder to  evaluate the realism o f the 
simulated ship's behaviour, sim ulations were carried out in situations that may be com parab le  
with existing o r realistic situations. For this purpose, a num ber o f conditions above a solid 
bottom  and above m uddy bottom s with reduced under keel clearance was selected.

■ Determ ination o f the limits o f the con tro llab ility . A ccord ing  to the PIANC defin ition , contact 
between the nautical bottom  and the ship's keel causes unacceptable effects on con tro llab ility  
and m anoeuvrab ility . In o rder to make an assessment in these matters, a series o f s im ulation 
runs was carried out during which contact occurred between the ship's keel and mud layers 
with h igher density and viscosity.

■ Evaluation o f the navigability  o f mud layers. An increase o f the critical density level will 
possibly im ply a penetration o f the ship 's keel into mud layers with low  density and viscosity. A  
num ber o f these conditions was selected fo r s im ulation runs.

Simulation program m e

In to ta l, 63 runs were carried out by 15 pilots during 8 days. The selected scenarios had to fu lfil
the fo llow ing  conditions:

■ The m anoeuvres should be typical fo r large conta iner carriers ca lling  at Zeebrugge, so that a 
feedback to the pilots' experience was guaranteed;

■ The sim ulation runs should cover a broad range o f hydrodynam ic cond itions (speeds 
ahead/astern , p rope lle r rpm ahead/astern , d rift angles, yaw rates, ...).

A  selection o f fo u r m anoeuvres was considered; most o f them concerned arrival at o r departure
from  quay 2 0 5  (Fig. 15). The arrival scenario implies a dece leration phase, tugs m aking fast,
tu rn ing the old harbour m ole (Leopold II Dam) and berthing on either starboard o r port side,
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the latter im plying an add itiona l sw inging m anoeuvre. Departure manoeuvres did not include 
sw inging manoeuvres.

During each single run, the bottom  characteristics were assumed to  be constant over the entire 
harbour area. If such a situation appeared not to  be realistic in the access channel 'Pas van het 
Z a n d ', the m anoeuvre was started at low er speed in the outer harbour. The selected bottom  
conditions are displayed in Fig. 1 6.
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Fig. 1 6. Real tim e s im u la tion  p ro g ra m : overv iew  o f s im u la ted 
cond itions , w ith overa ll p ilo ts ' assessment 
(1 : w ith extra tug  assistance; 2 : w ind  E, 6 Bf).

The access channel to  the harbour is characterised by im portan t tida l currents in the zone 
beyond the breakwaters; at low  tide, the m agnitude o f cross currents takes values o f 2 to  2 .5  
knots. As these currents greatly affect the sh ipping tra ffic  arriv ing and departing from  
Zeebrugge, realistic current patterns were introduced into the s im u la tion  environm ent.

All manoeuvres were carried ou t in frequently occurring, m oderate w ind cond itions (SW, 4 Bf); 
during some runs, m ore severe winds (up to  7Bf) were app lied.

Tug assistance was guaranteed by tw o tugs o f 45  ton bo lla rd  pull each; during some runs the 
ava ilab le  tug pow er was increased to  2 x 60  ton.

Q ualitative evaluation of the simulation runs

All pilots were requested to  com ple te  a questionna ire  just after the s im ulation run; this resulted 
into a first, very im portan t assessment o f the manoeuvres. A ccord ing  to  the op in ion  o f a large 
m ajority o f the pilots, the s im ulation o f the outside view, the ship's behaviour and the tug 
assistance could  be considered as 'g o o d ' to  'very g o o d '.

A fter each run, the p ilo t was asked whether it wou ld  be advisable to  carry out the m anoeuvre in 
reality. Based on this assessment, the cond itions were classified as 'a cce p ta b le ', 'm a rg in a l' and 
'un acce p ta b le '; the results are shown in Fig. 1 6.

-  30  -



Analysis based evaluation of the simulation runs

Taking account o f the comments o f the pilots on the sim ulated m anoeuvres, it was c lear that 
several criteria should be considered fo r assessing the bottom  conditions. Two criteria concern 
the contro llab ility  o f the ship contro lled by own means, which is especially o f im portance during 
the last phase o f the departure  scenario, a fter tu rn ing the old m ole with tug assistance:

■ Is a departing ship able to  develop a speed tha t is sufficient to  com pensate fo r the cross 
current acting beyond the breakwaters? Based on the p ilo ts ' qua lita tive  assessment, a speed 
o f 10 knots is acceptab le; speeds under 8 knots are unacceptable. Situations leading to  
interm ediate speeds are considered as m arginal.

■ Can a stra ight course be obta ined w ithout extreme use o f rudder and propeller? Taking 
account o f the p ilo ts ' eva lua tion , the standard deviation o f the rate o f turn o f the ship appears 
to  be an adequate ind icato r, with critica l limits o f 5 and ó d e g .m in '1.

The th ird  criterion concerns m anoeuvrab ility  w ith tug assistance: are the ship's contro l devices 
(rudder, propeller) and the tug assistance suffic ient to  perform  the manoeuvres safely w ithin 
acceptab le  tim e limits? In o rder to  evaluate this property in a quantita tive  way, the impulse o f 
steering force was in troduced, being the tim e integral o f the sum o f the lateral rudder and tug 
induced forces. S im ilarly, the impulse o f steering m om ent was defined as well. The values of 
these impulses were ca lcu lated fo r each sub-tra jectory, and com pared to  the pilots' evaluation 
o f the adequacy o f tug assistance. In this way, it was not only possible to  quantify the th ird 
criterion , but extrapolations to  assistance by m ore o r less powerful tugs could be m ade as well.

Results and future developments

The research pro ject resulted into a new value fo r the critica l density to  define the nautical 
bottom . If a num ber o f cond itions are fu lfilled , 12 0 0 k g .m '3 may be considered as a safe value:

■ Assistance o f at least tw o tugs o f 45  ton bollard  pull is required fo r deep-drafted conta iner 
carriers.

■ N avigab ility  th rough low er density mud layers (1 1 0 0 kg .m '3) is constrained to  -7% o f under 
keel c learance (Fig. 1 7, left).

■ M ore  tug pow er (2 x 60ton) reduces this constra int (to -1 2%), but does not a ffect the 
defin ition  o f the nautical bottom  (F ig .l 7, right); on the o ther hand, if less tug pow er (2 x 
30ton) is ava ilab le , the ship should not contact the m ud-w ater interface;

■ The present situation in the access channel outside the breakwaters should not be changed;
■ Pilots must receive updated in form ation  on the levels o f the m ud-w ater interface and the 

nautical bottom ;
■ Pilots must be aware o f the m odified contro llab ility  o f a ship navigating with reduced o r 

negative under keel clearance relative to  the m ud-w ater interface, and should receive an 
app ropria te  tra in ing .
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Fîg. 1 7. Real time simulation program. Acceptability of manoeuvres taking account of all criteria, with 
assistance of 2 tugs with 45 ton (left) and 60 ton (right) bollard pull each.
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Fig. 1 8. Maximum allowable draft (in dm) in the outer 
harbour with tuq assistance of 2*60 ton bollard 
pull.

At present, the conclusions m entioned above are im plem ented: the 12 0 0 k g .m '3 level is 
considered as the nautical bottom ; the pilots tend to  keep a 10% under keel clearance referred 
to  this level, but a lso respect the m axim um  penetration o f 7% o f d ra ft (typically 1 m) into the 
mud layer. New  efforts are presently carried out to  take fu ll advantage o f the results o f the 
current research project:

■ A m ethodo logy to  interpret bottom  surveys in terms o f navigability  is being deve loped; as an 
exam ple, Fig. 1 8 shows a m ap o f the ou te r harbour o f Zeebrugge ind icating  the m axim um  
a llow ab le  d ra ft a t low  tide.

■ Detailed registrations o f manoeuvres carried ou t with deep-drafted vessels a t low  tide are 
planned to  va lidate  the concept in general and the m athem atical models in particu la r, as the 
latter are based on m odel tests carried out in a s im plified  environm ent.
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■ A dd itiona l s im u la tion  runs in a la rger range o f bottom  and w eather cond itions w ill be carried 
out in o rder to  im prove the p ilo ts ' decision scheme. The involvem ent o f a large g roup  of 
pilots is im portant, as the hum an fac to r plays an im portant role in the s im u la tion  results.

■ Training sessions w ill be organised fo r the Zeebrugge pilots to  fam ilia rise  themselves to  the 
specific ship behaviour.

■ The realism o f the sim ulations w ill be increased by adapting  the m athem atical s im ulation 
m odel so tha t transitions between several types o f m uddy bottoms will be a llowed.

■ A dd itiona l m odel testing is p lanned to  extend the m athem atical m odel to  bow  thruster 
assisted manoeuvres. Indeed, pilots criticized the lack o f a bow  thruster during the 
sim ulations.

Conclusion

A  research pro ject based on captive ship m odel tests, m athem atica l m odelling  and real-tim e 
sim ulation runs has resulted into an upper lim it fo r the nautical bottom  from  a nautical 
v iew poin t and to  guidelines fo r the pilots concern ing handling o f deep-drafted conta iner vessels 
in the m uddy cond itions o f the harbour o f Zeebrugge.

It should be emphasized tha t these specific conclusions are only valid fo r deep-drafted 
con ta ine r carriers arriv ing at o r departing  from  Zeebrugge harbour, as the mud layer 
characteristics, the environm enta l cond itions (e.g. current) and harbour layout are typical fo r 
this area.
O n  the o ther hand, a s im ila r m ethodo logy can be app lied  fo r assessing the limits fo r navigation 
in o ther harbours and waterways suffering from  flu id  mud deposits, provided tha t the local 
conditions (bottom , ship type, ...) are covered by the experim ental database and, therefore, the 
m athem atical m odel. The present approach  offers an im portant advantage: the new criterion 
fo r the nautical bottom  is not merely based on one single physical property o f the mud layer, 
but has been determ ined taking into account all s ign ifican t factors such as harbour layout, 
bottom  characteristics, ship behaviour, environm enta l cond itions (current, w ind), ava ilab le  tug 
assistance and hum an contro l.
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Abstract

In 1 9 9 9 , Flanders and The N etherlands ag reed to  set up a com m on strategy fo r m a n ag ing  the Sche ld t 
River in its estuarine reach. In 2 0 0 2 , both parties s igned a m em o ran dum  o f unders tand ing  in wh ich was 
de fined  a 'Long Term  V is ion ' strategy and  its ob jectives. O n e  o f these is the preservation in the W estern 
Sche ld t o f a dynam ic and com p lex flo o d  and ebb channel ne tw ork, the so -ca lled  'm u lti-ch a n n e l system '. 
The present trend , a con tinu a tio n  o f past na tu ra l m o rp h o lo g ica l evo lu tions com b in ed  w ith hum an 
in terfe rence (po ldering , d re dg ing  and o the r river works) m ay jeopard ise  this ob jective .
An expert team  a p po in te d  by the Port o f Antw erp  proposed the idea o f m o rp h o lo g ica l d re dg ing  fo r 
cu rb ing  this negative trend , a im in g  a t steering the estuarine m orp ho log y . In a first phase, sed im ent from  
d re dg ing  works cou ld  be used to  reshape sandbars where needed. O n e  case study is discussed in this 
paper, the a im  be ing to  reconstruct the e roded tip  o f a sandbar a t a b ifu rca tion  so tha t the flo o d  and ebb 
flow s w o u ld  be perseved, a con d ition  to  m a in ta in  the m u lti-channe l system in the reach. The strategy 
w o u ld  no t on ly cu t back  on the o n g o in g  de g ra da tio n  o f the eco lo g ica l and m o rp h o lo g ica l values o f the 
estuary, bu t it cou ld  a lso possib ly he lp reduc ing  the quan tity  o f m ate ria l to  be d redged on the crossings 
by increasing the scouring  o r se lf-d redg ing  capac ity  o f the flow . A  d iffuser-type device was used to  
disperse the d redged m ateria l in a con tro lled  way in sha llo w  w ate r a lon g  the san db a r edges.
In 2 0 0 2 -2 0 0 3 , the new disposal strategy has been investigated by Flanders Hydrau lics Research as a 
p ilo t p ro je c t (Plaat van W alsoo rden). The research p ro g ra m m e com b in ed  three too ls: fie ld
m easurem ents, physical scale m odels and 3D  num erica l m odels. The results o f the research w ork  
con firm ed  the feas ib ility  o f the idea. H owever, the Port o f Antw erp  Experts conc luded  tha t a real life (in 
situ) d isposal test was requ ired to  g ive fina l p ro o f o f the feas ib ility  o f this new d isposal strategy.
A t the end o f 2 0 0 4 , 5 0 0 ,0 0 0 m 3 o f sand was disposed a t the seaw ard tip  o f the shoal o f W a lsoorden  
using a diffuser. The m ain idea was to  m od ify  the m orp h o lo g y  o f this san db a r by d isposing d redged 
m ateria l very precisely. The a m o u n t o f 5 0 0 ,0 0 0 m 3 was chosen because it is la rge  enough to  see an 
e ffect o f the d isposed sed im ent, w h ile  it is sm all enough to  be reversible if som eth ing w o u ld  go  w rong . To 
eva luate  the success o f this in situ test, an extensive m on ito rin g  p ro g ra m m e was set up, in c lud ing  
ba thym etric  surveys, eco lo g ica l m on ito rin g , sed im ent trac ing  tests and sed im ent transp o rt m easurem ents. 
A fte r one year o f m o n ito rin g  the disposed sedim ents, it can be con c lu ded  tha t the experim ent is very 
successful. The m o rp h o lo g ica l m o n ito rin g  showed tha t a lm ost 80%  o f the d isposed sedim ents is still on 
the disposal lo ca tion  a fte r one year. The e co lo g ica l m on ito rin g  d id  no t reveal any s ig n ifica n t negative 
im pact, ne ither in the in te rtida l areas, no r in the sub tida l areas. This in situ test con firm ed  the feas ib ility  o f 
the p roposed  d isposal strategy. An estim ated vo lum e o f 4 to  5 m illio n  m 3 cou ld  be disposed here to 
reach the p roposed  ob jectives, representing m ore  than h a lf o f  the vo lum e d redged yearly in the W estern 
Scheldt.

Keywords: M o rp h o lo g ic a l d re d g in g ; W estern S cheldt; E com orpho logy.

Introduction

The m orpho logy o f an estuary is continua lly  chang ing , adjusting to  the forc ing processes which 
themselves are also changing. N o estuary is therefore stable and habitats and the eco log ica l 
function ing  o f the estuary w ill continua lly  change from  its present status even if man d id n 't
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intervene. This implies the need fo r a detailed conceptua l understanding o f the estuary system in 
question. O n ly  such an understanding can lead to  proper assessment o f the effects o f existing 
and future hum an activities, such as dredg ing and disposal, but a lso the construction o f flow  
regula ting structures and dikes. For any estuary there should be a holistic m anagem ent p lan, 
which takes into account the interests and effects o f all uses and users o f the estuary in an 
integrated way.

This paper focuses on the case o f the Scheldt Estuary, where m orpho log ica l m anagem ent is 
used to  concilia te  nature preservation and port accessibility. The Scheldt is the aorta to  the port 
o f Antwerp, while it is one o f the few  rem aining European estuaries covering the entire g rad ient 
from  fresh to  salt w ater tida l areas.

Overview of historical evolutions 

N atu ra l evolutions till 1000 AD

At the end o f the Pleistocene, the last ice age, rivers in N orth-W est Europe discharged in the 
A tlantic  O cean  in the vicin ity o f the D oggersbank, fa r away from  the present shores. W ith the 
w arm ing up o f the c lim ate, the sea level rose very quickly over m ore than 1 00m  from  2 0  Kyr BP 
to  abou t 7 Kyr BP, then slower to  become (comparatively) rather stable over the past tw o 
m illenaries. The past rising sea level reshaped strongly the coastal areas and estuaries at the 
end o f the Holocene. M any o f these m orpho log ica l changes are still ongo ing . W ith the invasion 
o f the street o f Kales, tida l currents started to  erode its banks, creating cliffs and feeding a 
litto ra l sedim ent transport tha t was at the o rig in  o f an a lm ost continuous series o f sandy bars 
and islands in fron t o f the actual Belgian, Dutch and G erm an coast (Fig. 1). An inner sea was 
fo rm ed, a kind o f an extensive lagoon  o f which remains only the W adden Sea. The sand barrie r 
between lagoon and open sea was regularly breached during storms, scouring large channels 
deep into the inner sea. River sediments filled those parts o f the lagoon  receiving streams with 
large sand discharges, like the Rhine. In o ther parts receiving little and m ore silty sedim ent 
loads, like from  the Scheldt River, tida l action penetrated progressively, deve loping further the 
sea branches. Im port o f m arine sediments by the tida l currents form ed large shoals in the 
lagoon. Sea branches not connected to  a m ain river basin silted up (e.g. Zw in), while  others like 
the Honte and the Eastern Scheldt expanded further as they were at tha t tim e connected to  a 
river basin. Later on , the southern sea branch, the Honte, became dom inan t over the Eastern 
Scheldt and had now become the estuary o f the Scheldt River. In the Southern part o f the inner 
sea, shoals aggregated and channels enlarged. A round 1000  A .D ., Zeeland had becom e a 
patchw ork o f islands, surrounded by a network o f tida l channels. A t tha t tim e, the River Scheldt 
d ischarged in the lagoon near Bergen op Zoom  and both the Honte (present Western Scheldt) 
and the Eastern Scheldt were conducting the Scheldt River w ater to  the N orth  Sea. Till the 1 1th 
century, m orpho log ica l evolutions were s ign ifican t but fu lly natura l, with a lm ost no human 
im pact.
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Fig. 1. Situation during the Roman times. Fig. 2. Land reclamation from the 1 1 th till the 20th 
century.

Human influence after 1000 AD

First signs o f human im pact on the estuary's environm ent becom e visible in the 1 1th century: 
locals reclaim ed land that had silted up high enough and started to  protect it aga inst flood ing  
(Fig. 2). FHowever, inundations due to  levee breaching during storm events returned repeatedly 
portions o f land to  the river. From the 16th century on, the poldering techniques had become 
m ore sophisticated and larger areas were perm anently poldered (e.g. fo r eastern Zeeuws- 
V laanderen 50%  o f the to ta l poldering  occurred during the 1 7th century).

Poldering was less intensive during the 19th and 20th  century because a large percentage o f 
salt marshes had been reclaim ed already. FHowever, hydraulic works and storms continued to 
reshape the area. In 1867  and 1 871 , the two rem ain ing links (Kreekrak and Sloe) between the 
FHonte (Western Scheldt) and the Eastern Scheldt were cut o ff, m odifying drastically the tidal 
channels network. A  catastrophic storm with extensive inundation , in 1 953 , m ade the 
Netherlands decide abou t executing an extensive flood  protection plan 'D e lta '. From historical 
data can be concluded that these human impacts such as closure o f secondary channels and 
poldering have strongly influenced the tida l regim e o f the Western Scheldt. S tronger tidal 
penetration enlarged the main navigation channel.

Sedim ent m ining fo r provid ing build ing  m ateria l started at the end o f the 19th century. Since 
1 9 5 8 , abou t 1 to 2 m illion  cubic meters o f sediment was m ined per year, on average.

A t the end o f the 19th century, dredg ing activities (Fig. 3) were required to  im prove the 
accessibility o f the port o f Antwerp. Until the 1 9 2 0 's , these activities were concentrated on the 
Belgian territory (2M m 3.yr_1). From 1920  till I9 6 0  the quantities on Belgian and Dutch territory 
were com parab le  (2 +  2 M m 3.yr"1). The first large deepening cam paign happened in the early 
1 9 7 0 's , the main part o f dredg ing works on Dutch territory (3 +  lO M m A yr"1). Nonetheless, the 
increased dredg ing in the Dutch part did not apparently result in s ign ificant changes o f the trend 
in m orpho logy o r tida l action. During the late 19 9 0 's , a second dredg ing cam paign fo r 
im proving the navigation conditions was conducted. The im pact o f the deepening by 4 feet is 
m onitored (MOVE program m e), but no sign ificant negative im pact was noticed yet.

W alcheren
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Fig. 3. Dredging activities in the Scheldt Estuary since 1895.

M aintain ing navigation conditions in a morphological dynamic estuary

The m orpho log ica l evolution o f the estuary between 1800  and 2 0 0 0  (Fig. 4) is one o f further 
shoal aggrada tion  and enlargem ent o f the m ain channels. The estuary has been described as a 
typ ical m ultip le  flood  and ebb channel network. The m ain and deeper ebb channels have 
usually sills at the seaward end where they join toge ther w ith the flood  channels. These ones are 
shallow er and have a sill at the landward side, where they join the main ebb channel. There are 
a lso many m inor channels, the 'ch u te ' channels, sometimes ca lled 'sho rt-cu t' channels 
connecting the m a jo r ebb and flood  channels. H istorical maps reveal tha t the ebb o r flood  
function  o f channels is not always obvious and sometimes even unclear. Ebb channels may turn 
into flood  channels, and vice versa (see m iddle  part o f the estuary on Fig. 4). The reducing 
m ob ility  o f the channels and shoals is fo r a large part due to  the hard bordering o f the estuary 
(levees, bank protections, groynes, jetties and harbours); sandbars are rising to o  high, channels 
deepen, shallow  w ater areas dim inish.

A  Dutch-Belg ian Technical Scheldt Com m ission was set up in 1948  to  m anage techn ical issues 
such as the works needed fo r ensuring the access to  the Port o f Antwerp. Till 1 97 0 , dredg ing 
was restricted to  m ainta in ing depths on crossings in the navigation channel, fo rm ed by the main 
ebb channels. T rad itiona lly , the sediments were disposed in the flood  channels with the idea 
tha t it would  take a rather long tim e before com ing back into the main ebb channel.

W ith the dem and fo r increased navigation depth, a first deepening started in 1970  and the 
dredged sediments were still disposed in flood  channels. The disposal sites were decided in 
com m on by the Dutch and the Belgium adm in istrations on the basis o f the assessment o f the 
ongo ing  m orpho log ica l changes. The procedures were adjusted due to  the increasing concern 
abou t environm enta l aspects and with the rég iona lisa tion  m aking the Flanders region 
responsible in Belgium fo r pub lic works and infrastructure. In 1 99 5 , Flanders and The 
Netherlands reached an agreem ent to  deepen fu rther the Western Scheldt sh ipping route. 
W orks were executed in 1997  and 1998 . However, the am ount o f sedim ent disposed in the 
eastern part o f the Western Scheldt was reduced when agg rada tion  was observed in some flood  
channels, supposedly because too  much sedim ent had been disposed there. This silta tion  could
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eventually jeopardise the existence o f the m ulti-channel system in tha t reach. Therefore, from  
1 9 9 7  on , more m ateria l was moved to  d isposal sites in the western reach o f the estuary.

In 1 9 9 9 , the Dutch and Flemish governments decided to  set up a Long-Term Vision (LTV) 
pro ject w ith three objectives: to  ensure m axim um  safety against flo od in g , optim al accessibility o f 
the ports w ithin the estuary and op tim a l nature developm ent. These three subjects are all related 
to  the m orpho logy o f the estuary. D irectly concerned by these issues, the autonom ous Port of 
Antw erp, independent from  the Flemish adm in istra tion, requested a g roup  o f experts (called Port 
o f Antwerp Expert Team, o r 'PAET') to  give an op in ion  abou t the prospects fo r a further 
deepening and w idening o f the navigation route, m ainly needed fo r the larger conta ine r ships. 
O ne  o f the m ain questions considered in LTV was where to  dispose the large volumes needed 
fo r such an enlargem ent? Dutch researchers had cla im ed that flood  channels would  d isappear 
if too  large quantities o f sedim ent were to  be disposed there. Their conclusions were based on 
some assumptions and ca lcu lations w ith m odelling too ls , o f which one is based on the so-called 
'ce ll-theo ry ' (W ang et al., 1 9 9 5 ; W interw erp et al., 2 0 0 1 ). A  'c e ll ' is com posed o f an ebb 
channel and a flood  channel and the enclosed in ter-tidal flats. A ccord ing  to  this theory, 
sedim ent circulates in 'ce lls ', w ith a net landward m ovem ent in the flood  channels and a net 
seaward one in the ebb channels. The Port o f Antwerp experts consider this schém atisation as 
too  simplistic. Based on the ir analysis o f past m orpho log ica l changes in general and o f the 
(temporary?) decay o f some flood  channels, they stated tha t not (only) d isposal o f sediments 
was to  be b lam ed, rather the always m ore stringent im m obilisa tion  o f the main channels and 
shoals. To revert the reduction in dynam ic m orpho log ica l behaviour o f the estuary, it was 
proposed to  steer the deve lopm ent o f channels and shoals. Recent studies show tha t the 
disposal o f d redg ing materials has a much larger im pact on the estuarine m orpho logy than the 
deepening o f the channels (ProSes, 2 0 0 4 ). The main attention should therefore  go  to  new 
strategies fo r d isposal, a lthough the Port o f Antwerp expert team  believes tha t d redg ing may 
also be beneficial fo r m orpho logy, e.g. rectifying the shape o f sandbars.

In 2 0 0 2 , the Dutch and Flemish governments signed a m em orandum  o f understanding to 
im plem ent together the Long-Term Vision program m e. They set up jointly an o rgan isation  called 
ProSes (Project D irection fo r the D evelopm ent Scheme o f the Western Scheldt Estuary) funded 
by both regions and which main task was to  establish fo r 2 0 0 4  the deve lopm ent scheme with 
the objectives to  be reached in 2 0 1 0 . Part o f the research referred to  in this paper was 
conducted w ithin the fram e o f ProSes, though many activities were financed directly by the 
Flemish governm ent and the Port o f Antwerp.

Morphological m anagem ent of the Western Scheldt 

M orphological m anagem ent o f a  river

M orph o lo g ica l m anagem ent o f rivers aims at find ing  measures to  have the ir m orphology 
evolving to  a situation tha t is considered as 'des irab le ', which is obviously rather subjective as 
the goals may be very d ifferent. A  river eng ineer may have very d ifferent views from  an 
environm enta list o r a b io log ist. Nevertheless, there is a grow ing interest in the 'm anagem en t' 
approach versus the 'eng inee ring ' o r 'r ive r ta m in g ' app roach , especially because o f past 
negative experiences with river tra in ing .

In 196 8 , Flanders Hydraulics Research faced the challenge to  im prove the m aritim e access on 
the C ongo  River. It could profit from  a very long experience w ith d redg ing in such a powerful 
river with very high discharges and sedim ent transport rates: the so-ca lled 'D irected D redging 
M e th od ' [M éthode des Dragages D irigés, (in French)], based on a thorough  analysis o f fie ld 
data.
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Fig. 4. Morphological evolution of the Western Scheldt Estuary 1800-2000



This method was further developed carrying ou t scale m odel studies and extensive fie ld  surveys,
to  become the 'M o rp h o lo g ica l D redging M e th od ' (Peters and Wens, 1991). The idea of
m orpho log ica l m anagem ent was fu rther developed in o ther projects on very d ifferent rivers, 
such as the Pirai in Bolivia (Peters, 1 994) and the Ichilo River, also in Bolivia (Peters, 1 998 ). The 
same philosophy was app lied : understanding the river behaviour and w orking with the river, not 
against nature, using sim ple and cheap methods. In the first case o f the Pirai River, the
trad itiona l way to  protect against flood ing  with high levees and strong bank protections was
replaced by lighter protections in com b ina tion  with adapta tion  o f the river plan form . In some 
cases, the river shore a lignm ent was changed w ith excavations so that the flow  would not attack 
the banks. The strategy was based on a continuous m on itoring . In the second case o f the Ichilo 
River, the occurrence o f a natural cu t-o ff was halted w ith light gu id ing  structures, which aim ed 
at orienting the flow  away from  the m eander bottleneck. In this way, it was possible to  save tim e 
fo r designing a rtific ia l cu t-o ff's , which a llowed the river to  rem ain a long the Puerto V illa rroe l 
harbour, o f m a jo r im portance fo r the transport o f goods from  and to  the Bolivian Am azone 
region. In all cases, a fo llo w  up has shown tha t the m ethodo logy o f river m anagem ent was 
feasible and could be successful, at the cond ition  it was based on the best possible 
understanding o f the physical (m orpho log ica l) behaviour o f the rivers. It a lso showed the 
advantage o f using recurrent measures, such as dredg ing o r excavations.

M orphological dredging

During a meeting w ith the LTV's w orking g roup  on m orpho logy, in the year 2 0 0 0 , the Port of 
Antwerp experts suggested 'm o rp ho log ica l d redg ing ' as an a lternative to  the present dredg ing 
strategies. It is based on the principles developed fo r the m aintenance and the capita l dredg ing 
in the navigation route in the C ongo  inner delta , fo r exam ple by redistributing the sedim ent 
transport and using dredg ing and disposal to  change the plan form  o f the river.

Disposal is a way to  redistribute the sedim ent in the Western Scheldt, so as to  feed, as an 
exam ple, areas eroding to o  m uch, not only in the flood  channels, a lso on some parts o f shoals. 
The Port o f Antwerp expert team  worked ou t a proposal to  restore the western tip  o f W alsoorden 
plate tha t erodes since several decades. Several m illions o f cubic meters o f sedim ent could be 
stored at tha t place (Fig. 5 -  white hatching). The techn ique could be app lied  in o ther places 
a long the estuary. O ne  advantage o f the proposal is tha t the add itiona l volumes produced by 
the capita l d redg ing required fo r a fu rther im provem ent o f the navigation route could be kept 
w ithin the estuary instead o f exporting it out o f the estuary, into the sea. N obody knows today 
what would  result fo r the Western Scheldt from  such an export in terms o f tida l p ropaga tion  and 
environm enta l im pact. The estuary is said to  have very little sedim ent exchange with the sea and 
the quantity o f sedim ent supplied by the river is rather sm all, lim ited to  very fine m ateria l, m ainly 
silt and clay.

The second part o f m orpho log ica l d redg ing is to  correct the shape o f shoals when this impacts 
negatively on the overall flow  and sedim ent patterns. This may be illustrated by the exam ple of 
the sand spit at the seaward end o f the ebb channel at W alsoorden (at the Southwest end). It is 
form ed by the com bined action o f flood  and ebb and, toge ther with the pro trud ing groyne and 
the levee on the left bank, it constricts to o  much the flow  during the end o f the ebb flow . It may 
be tha t this results in a less effective flow  on the crossing o f Hansweert, just west o f the tip  o f the 
W alsoorden sandbar. In tha t case, m odifying the shape o f the sand spit by d isposing dredged 
sediments m ight improve the se lf-dredg ing capacity o f the crossing, reducing fina lly  the 
dredg ing effort.
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M odifying the hard  bordering of the estuary

The Port o f Antwerp expert team  considers tha t the layout o f the hard bordering is not always 
beneficial fo r achieving the objectives set out in LTV. The deve lopm ent o f shoals and channels is 
contro lled  by levees and o ther hydraulic structures. The p lan-fo rm  layout o f these levees was not 
p lanned; they were established erratica lly, often by build ing new levees a fter breaches occurred 
during extreme storms. Some brutal changes in the orien ta tion  o f the levees create hard points 
pro trud ing into the estuary and contro lling  the position and shape o f sandbars. The analysis of 
the W alsoorden test-site lead to  the conclusion tha t the piers o f the Hansweert lock access 
channel (on the right bank), p ro trud ing in the main channel, a ffect the o rien ta tion  o f the flood  
flow  towards the W alsoorden plate, enhancing its erosion. M ore  than th irty years ago , a dike 
pro trud ing in the river at W alsoorden (on the left bank) was m odified to  im prove the 
m orpho logy so tha t d redg ing would dim inish on the nearby crossing o f Hansweert. However, 
the overall m orpho logy in the river stretch changed m eanwhile  so tha t this d ike could have 
today a negative im pact on the crossing. PAET decided to  make an inventory o f s im ila r 
situations, fo r analysis o f possible solutions.

Criteria for selecting disposal areas

The selection o f d isposal areas must be based on several requirem ents, related to  safety against 
f lo od in g , accessibility and nature preservation: producing a m orpho logy reducing the 
m aintenance dredg ing e ffort, m ainta in ing a dynam ic m ulti-channel system in which tida l energy 
could be dissipated as much as possible, ensuring the preservation o f a variety o f ecotopes. All 
these criteria are linked to  the m orpho log ica l deve lopm ent o f the estuary, to  be steered by 
dredg ing and disposal o f dredged m aterials.

Monitoring

O u r understanding o f the m orpho log ica l processes in rivers and estuaries is not sufficient to 
predict very precisely the response induced by d redg ing and disposing the sedim ent in specific 
places. M orph o lo g ica l d redg ing  and disposal is reversible up to  a certa in point. Selection of 
disposal sites must be flexib le and it must be possible to  halt operations if unwanted 
m orpho log ica l changes are observed. Therefore, a com prehensive m on itoring  program m e is 
absolute ly needed. This includes, am ong other: flow  measurements, topo-ba thym etric  
observations (am ong o ther with m ultibeam  charts and LIDAR observations), bottom  sam pling fo r 
sedim ent size and b io log ica l data acqu is ition , sedim ent transport measurements and possibly 
sedim ent tracking.

Technology for m orphological dredging

The dredg ing com panies contacted fo r advice abou t the disposal o f m ateria l in contro lled  way 
close to  the riverbed have developed a system by which the sedim ent is disposed quietly w ith a 
diffuser in sha llow  w ater (Fig. 6). This techn ique has a lready successfully been app lied  in coastal 
areas (Goossens and Bosschem, 2 0 0 2 ).

Potential benefits for the environm ent

A  careful choice o f disposal sites, based on good fie ld data and possibly com pleted with 
m ode lling , may produce a selective spatia l dispersion o f the sediments a long the sandbar. 
Some partic le  fractions w ill preferentia lly move in the deeper areas, o ther moving towards the 
shallow er ones, possibly up to  the top  o f the bar. During the process, the change in m orpho logy 
by aggrad ing  up some parts o f the bar w ill change the flow  patterns and m odify consequently
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the local sediment transport capacities. This will obviously also change the sedim entation 
pattern, also o f the finest particles m oving in suspension in the w ater co lum n. The segregation 
o f sediment fractions o f both disposed and natural sediments will result in the fo rm ation  o f 
d ifferent substrata, some more silty than other, creating a variety o f ecotopes.

In a com m on meeting o f the ProSes w orking groups on m orpho logy and ecology, it was 
decided to  involve biologists and ecologists in the W alsoorden test disposal, m on itoring  closely 
the physical, chem ical and b io log ica l parameters. Surveys would  take place before, during and 
after the test disposal. However, the rig id conditions fo r the disposal o f dredged m aterials 
delayed the test fo r several months.

Self-discharging hopper dredger

Pipeline

Diffuser

Fig. 5. Walsoorden area. Fig. 6. Schématisation of disposal technique.

Research on the Walsoorden test case 

Tools and tests

The PAET has stated from  the beginning o f the W alsoorden pro ject proposal (Peters and Parker, 
200 1 ) that fie ld measurements and physical and num erical models needed to be com bined, as 
each o f these study tools has advantages and lim ita tions. They must be seen as com plem entary 
tools fo r the assessment o f the alternative dredg ing and disposal strategy. The research 
program m e included a fie ld  m easurem ent cam paign  (floats, sedim ent transport), physical, fixed 
bed scale model tests fo r both the flow  and the bed sediment m ovem ent and hydrodynam ic 
num erical model sim ulations. Flanders Hydraulics Laboratory (Ministry o f Environm ent and 
Infrastructure) executed this program m e with the support o f the Port o f Antwerp and its expert 
team.

Field measurements provide an insight in the processes as they occur in nature. Due to changes 
in natural conditions (e.g. tidal variations), a m easurem ent cam paign  may only give in form ation  
lim ited to  the prevailing conditions. M easuring techniques have obviously also the ir lim itations.

DGPS tracked floats supplied in form ation  on flow  patterns during the tide. These flow  patterns 
were measured during a full spring-neap tidal period and provided on one hand in form ation  
about the in situ flow  cond itions and on the o ther a series o f data that were used to  ca lib ra te  
and va lidate  the models. Sediment transport rates were measured during one tidal cycle, using 
both Delft Bottle (DB12) and Acoustic Sand Transport M eter (ASTM), in three points at the 
seaward tip o f the W alsoorden sandbar (Fig. 8 -  ye llow  dots). The bottom  topography was 
measured near the tip  o f the plate using m ulti-beam  (Fig. 8 -  green area).

J r ^ E b b  channel 
-»  Flood channel
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A  second too l used in the pro ject is the physical scale m odel. W ith best possible scales 
accord ing to  scaling laws, processes such as flow  and bed load transport are well represented. 
M odels present the possibility to  contro l and change the testing conditions. Errors may become 
p rob lem atic  when horizontal and vertical scales d iffe r to o  much in a d istorted m odel. Though 
the d istortion  is rather high (but not exceptional) fo r the Western Scheldt-m odel (horizontal scale 
=  1 /4 0 0  0  vertical scale 1 /1 0 0 ), exaggeration o f some processes — such as secondary 
currents -  in the m odel induces discrepancies with reality. They seem however acceptab le  fo r 
the objective o f the m odel tests on disposal o f dredged m ateria l.

The hydrodynam ic experiments in the scale m odel m ade use o f small floats a im ing  at 
reproducing the measured flo a t tracks in nature. Cam eras registered the flow  patterns. A  
second series o f tests simulated the behaviour o f disposed sedim ent in fron t o f the tip  o f the 
plate. Therefore it was found tha t polystyrene (with a m edian d iam eter o f 4 5 0 JL/m) was the most 
app ropria te  m ateria l fo r the scale m odel. This m ateria l a llowed a good  reproduction o f the 
m om ent o f in itia tion  o f m ovem ent, nevertheless the transport rates w eren 't sim ulated correctly.

Finally, num erical models were used. These also have a high flexib ility  because test conditions 
can easily be adapted. Restrictions arise in the num erical representation o f natural processes, 
fo r which the physics is still not always well understood, as is the case fo r sedim ent transport. 
This makes the app licab ility  o f m orpho log ica l processes in num erical models doubtfu l. For 
some m odel parameters the physical m eaning is rather low  and they have to  be ca lib ra ted.

A  g loba l 2D h m odel o f the whole  tida l influenced zone o f the River Scheldt was set up in 
S IM O N A -softw are  (as used by Rijkswaterstaat) to  sim ulate the tida l p ropaga tion  and horizontal 
salin ity gradient. This m odel generated boundary cond itions fo r a deta iled m odel o f the study 
area (Terneuzen -  Schelle) which was set up in D eflt3D  software (WL| Delft Hydraulics, 2 00 3 ). 
In a first approach  the deta iled m odel was set up as a 2D h m odel. C om plex secondary currents 
(produced by ebb-flood -channe l b ifurcations, as well as salin ity gradients) required a 3D 
approach . Sensitivity analysis a llowed to  conclude tha t the use o f a 3D  m odel with at least 10 
layers was best suited to  produce the most re liab le flow  fields.

Fig. 7. Disposal experiment near the tip of the plate of Walsoorden in the physical scale model.
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Results

The fie ld measurements revealed tha t the tw o secondary flood  channels, located at each side of 
the W alsoorden sandbar tip , have a different hydrodynam ic behaviour (Fig. 8 -  flo a t tracks 
during flood). The northern sand spit c learly guides the flow  during the w ell-developed flood  
and ebb flow . The southern sand spit does not gu ide  very much the flow , neither during flood  o r 
ebb phases. Nevertheless, it remains in place since long and its existence is likely linked to  
secondary flow  structure (due to  hard bordering o f the left bank) and to  bed load paths. 
Interesting to  note is the s ign ifican t ebb flow  effect a long the northern border o f the W alsoorden 
sandbar in the m ain flood  channel.

Waarde

Sedimenttransport (DB): Kaloo MP1

Fig. 8. Field m easurem ents (background : floa ts ; rig h t top : m u lti-b e a m ; righ t bo ttom : sed im ent transport).

The sedim ent measurements revealed tha t sedim ent transport takes place during the first ebb 
phase and during the flood  phase (Fig. 8). A fter the in itia l ebb phase, when the w ater level has 
d ropped , the tip  o f the sandbar is located in the shadow  o f the W alsoorden sandbar and 
sedim ent transport is very low. During flo od , both DB12 and ASTM data show tha t the transport 
rate is the lowest at the location closest to  the plate. At the start o f the flo od , h igher transport 
rates are observed furthest from  the sandbar, but the d ifference with m iddle  loca tion  is very 
sm all. In contrast, the highest rates during the m axim um  flood  occur in the m iddle loca tion .

As fa r as hydrodynam ics is concerned, it can be said tha t the com parisons between the results 
observed in scale m odel and those com puted on the one hand, and with the measurements on 
the o ther hand are rather encourag ing  (Fig. 9 -  top). The results ind icate to  date tha t the overall 
flow  patterns are quite  well reproduced, though differences were found , m ainly during slack low
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w ater and early flood  period (Fig. 9 -  bottom ). This positive statement does not mean tha t the 
num erical sim ulation models are in any way 'va lid a te d ' o r 'ca lib ra te d ' and tha t from  now on 
they can be used and trusted fo r all purposes. M ore  specifically, in o u r op in ion  they should not 
be used w ithout precaution o r lim ita tion , as an opera tiona l too l to  study the alternative disposal 
strategy at W alsoorden.

SJfjfes. ^ u m e r^ y n à d e ÎS X  VÏ Physi«
W  > W '  ̂ V  L  /  K l  Ç

%  . ? / ; /  ' 'M i i
i  «  y  i l l i u m  t

n d d data
numen cal model

Fig. 9. M o d e llin g  results (red: fie ld  d a ta ; b lue: m od e llin g  result).

Conclusion about the feasibility study of the Walsoorden test site

A lthough a num ber o f aspects o f the study, tha t were indicated by the PAET as being essential 
fo r assessing the feasib ility o f the proposed disposal strategy, were not undertaken -  specifically 
add itiona l sedim ent transport measurements -  the results derived from  the studies concern ing 
hydrodynam ics and sedim ent transport (Flanders Hydraulics Research, 2 003 ) indicate tha t the 
p lacem ent o f m ateria l as proposed fo r the m orpho log ica l d redg ing  strategy can likely be used 
to  influence the estuarial m orpho logy (PAET, 2 0 0 3 ). Degraded areas and the ir associated 
b iotopes could be regenerated. PAET insisted on having a small scale in situ d isposal test to  
ga in  fina l evidence tha t the proposed strategy is feasible.

The analysis o f the data has also shown tha t all investigative tools were needed to  reach this 
conclusion and tha t m orpho log ica l assessment o f the Western Scheldt should not be based on 
m odelling  a lone. O ne  should realise tha t o u r know ledge abou t and understanding o f the 
physical processes govern ing m orpho log ica l changes is still not sufficient to  set up trustworthy 
m odels. C om bin ing  d ifferent tools is the only way to  reduce the uncertainties.
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W here most o f the research occurred w ithin the scope o f ProSes, a second op in ion  team  was 
asked to  give the ir comm ents on the m ethodo logy used fo r and the results gathered from  the 
research. They confirm ed tha t the idea to  use dredged m ateria l to  restore sandbars is very 
va luab le  and tha t an in situ d isposal test is necessary to  remove the rem ain ing uncertainties 
abou t the proposed strategy.

The walsoorden in situ disposal test 

Execution of the disposal test

The execution o f an in situ d isposal test had to  bring final p roo f o f the feasib ility  o f the 
alternative disposal strategy. The idea o f the in situ test was to  dispose quietly and precisely 
5 0 0 ,0 0 0 m 3 o f sand with a diffuser on the bottom . The dredg ing vessel (self-discharging hopper 
dredger) was connected to  a floa ting  p ipeline th rough which the sand is transported to  a 
pontoon 'Bayard II' (Fig. 6). O n  this pontoon the sand is pum ped to  a diffuser (Fig. 10) tha t 
disposes the sedim ent in a precise way on to  the bottom . The use o f the diffuser required an 
adjustm ent o f the disposal license. The am oun t o f 5 0 0 ,0 0 0 m 3 was chosen because it is on one 
hand large enough to  affect s ign ificantly the bottom  m orpho logy, however on the o ther hand 
small enough to  be reversible if som ething would  go  w rong. The choice o f the disposal location 
was based on the results o f the feasib ility study. The floa t measurements, the results o f the 
num erical s im ulations and the physical scale m odel tests with m oveable m ateria l on fixed bed 
ind icated tha t an area between the northern sand spit and the tip  o f the plate was most suitable 
fo r an in situ disposal test (Fig. 1 1 ). From 1 7 N ovem ber to  2 0  Decem ber 2 0 0 4 , 5 0 0 ,0 0 0 m 3 o f 
sand was a lm ost continuously disposed in the proposed area.

Fig. 1 0. Detail of the diffuser. Fig. 1 1. Licensed disposal area (red)
and disposal test area (white).

Monitoring of the disposal test

To evaluate the success o f the test an extensive m onitoring program m e was set up. This 
p rogram m e, which was executed over a period o f one year, included bathym etric surveys, 
eco log ica l m on ito ring , sedim ent tracing tests and sedim ent transport measurements. Several 
criteria were defined before the test fo r evaluating its success. O ne  o f them  stated tha t two 
weeks a fter fin ishing the disposal execution o f the test, at least 80%  o f the disposed sedim ent 
should stay w ithin the contro l area (this was defined as the disposal a rea, extended slightly
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towards the sandbar o f W alsoorden). Also the eco log ica l param eters should not indicate a 
change in ongo ing  natural trends.

Bathymetric surveys

The bathymetric surveys were executed using the m ultibeam -techn ique, p roducing high 
resolution bathymetric charts. From the start o f the experim ent (N ovem ber 2 0 0 4 ) until M arch 
2 0 0 5 , weekly surveys were executed in an area a round the disposal location (area ~  900ha). 
From M arch until June 2 0 0 5  the m easurem ent frequency was reduced to  one survey every 2 to 
3 weeks, while from  June 2 0 0 5  until January 2 0 0 6  one survey per month was executed. Beside 
this possible im pact area, a la rger zone was measured every two months, to capture possible 
la rger scale influence o f the in situ test. These surveys a llow ed volum e com putations fo r the 
contro l area. The evolution o f the sedim ent vo lum e is shown in Fig. 13. The am ount o f 
disposed sedim ent should be corrected due to the differences in density in the hopper and in 
situ. Therefore a correction fac to r 0 .9  was app lied  to the hopper volumes. As can be seen in 
Fig. 1 3 the first survey after the execution o f the disposal test shows a sm aller vo lum e measured 
in situ than w hat was disposed. This small d ifference (2 5 ,0 0 0  m 3) represents the sedim ent losses 
during the disposal o f the sand, where a fraction (finer sands) was transported by the currents.

Fig. 12. Evolution of bathymetry [November-December 2004 (top); March-June 2005 (mid); September- 
December2005 (down)].
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In situ disposal test W alsoorden : Disposed Volumes vs Surveys
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Fig. 13. Evolution of measured volumes.

During the first tw o months the vo lum e w ithin the contro l area was even h igher than after 
execution o f the test, p robably due to  natural processes. Afterwards a decrease o f vo lum e was 
m easured, a loss o f ~  1 0% after six months, a lm ost 20%  after one year. The main part o f the 
eroded sand is transported during flood  towards the W alsoorden sandbar. This evolution is in 
agreem ent with the predictions o f the feasib ility study. Fig. 14 presents the evolution o f a 
long itud ina l section th rough  the disposal area. The bedform s, present before the test (red), were 
flattened ou t by the disposal o f the sediments with the diffuser (green). Im m ediately a fter the 
test, new bedform s started to  develop in the disposal a rea, resulting in a new pattern (yellow) 
some three months after the test. A fter six months, the new bedform s are well developed (blue). 
Sediment is eroded from  the down-estuary side (400 -600m ) o f the disposal area and 
transported with the flood  flow  towards the up-estuary side (1000m ). It may be concluded that 
the disposed sediments stay well in p lace, and the imposed criterion was successfully fu lfilled .

:3.0_

Fig. 14. Longitudinal profile through disposal area (red =  November 2004; green =  January 2005; 
yellow =  March 2005; blue =  June 2005).
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Ecological monitoring

The eco log ica l m on itoring  program m e included both intertidal as subtidal measurements. 
Ecologists feared increased sedim entation, especia lly o f coarser sedim ent on the sandbar, 
which could  have a negative im pact on its b iotopes. The intertida l m on itoring  com prised o f 
several stations on the W alsoorden sandbar where e rosion-sedim entation, sediment 
com position  and m acrobenthos was measured. None o f the results from  this m on itoring  
ind icated that the in situ disposal test was responsible fo r a s ign ifican t change in ongoing  
trends. The subtidal m on itoring  was focussed on sedim ent com position  and m acrobenthos 
samples, using the BACI-technique (Before-A fter-C ontro l-lm pact). Beside the disposal area 
(yellow area on Fig. 16), two contro l areas were chosen: one at the trad itiona l disposal site 
'S chaar van W a a rd e ' (green area), the o ther (red area) where no influence from  disposal 
activities should be expected.

NOO_veldwerk

62000

-38200038 2 0 00

380000-

-378000

4 Kilometers

Fig. 1 5. Remote sensing image Walsoorden sandbar Fig. 16. Sampling stations ecological monitoring
(top: 2004; bottom: 2005). programme.

For the subtidal samples an increase in g ra in  size was found fo r the im pact area. This is 
explained by the coarser sedim ent (d50 ~  2 50 /im ) that was disposed com pared to the local 
sedim ent (d50 ~  200/Um) before the test. The m acrobenthos samples did not show 
deterio ra tion  (biomass, diversity and density) fo r the im pact area com pared to the two o ther 
contro l areas. It should be noticed that the qua lity o f m acrobenthos samples in the subtidal 
areas was s ign ificantly worse than to the intertida l m acrobenthos samples. Sum m arizing: no 
s ign ifican t negative eco log ica l im pact could  yet be detected from  the in situ disposal test near 
the W alsoorden sandbar.

Tracer experim ent

A  sedim ent tracer test was executed to get an idea o f the sedim ent transport patterns. The tracer 
m ateria l was an industria l g lass-granulate (S i02 ) whereto 0 .05  weight percent o f I r 0 2  was 
added in melted state. After coo ling  dow n, the mixture was grinded to obta in  a gra in size 
com parab le  to that o f the disposed sediments (~  2 50 /im ). Afterwards a fluorescent coating was
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added. In to ta l 500kg  o f tracer m ateria l was prepared. The fluorescence allows a lready a first 
ind ication  o f ava ilab le  tracer m ateria l in the samples taken in the fie ld . A fterwards the positive 
samples are activated in the labora tory so that the concentra tion o f tracer m ateria l can be 
determ ined. A  first tracer experim ent was executed in February 2 0 0 5  with 500kg  o f tracer 
m ateria l. The m ateria l, packed in small containers (50kg each), was lowered down to 0 .50 m  
above the bottom  during slack where they were opened. Five sam pling cam paigns were 
p lanned, using the Van Veen grab  to co llect approxim ate ly 5 0  samples during each cam paign. 
The first samples did not conta in  any tracer m ateria l. Possible explanations could be e ither that 
bedform s covered the tracer o r that the tracer m ateria l was too  fine and dispersed during a 
storm in the weeks after the in jection. A  second cam paign  using v ib ro-co re  sam pling technique 
did not produce better results. Therefore a new in jection was executed in Septem ber 2 0 0 5 . This 
tim e the tracer m ateria l (500kg) was mixed in advance with 500kg  sand with grain size 
com parab le  to the deposited sediments. The in jection was executed by a diver, who placed the 
sediments onto  the bottom . A  first sam pling cam paign , the day a fter the in jection , revealed 
some transport o f the tracer m ateria l in up-estuary d irection (Fig. 17). In a second cam paign  
tracer m ateria l was found in several points o f the sam pling grid (Fig. 18). The highest 
concentrations were found near the in jection point, with the predom inan t transport ind icating 
m ainly an up-estuary m ovem ent towards the sandbar. In a th ird sam pling cam paign  (Novem ber 
2 0 0 5 ), no s ign ificant concentrations o f tracer m ateria l were found. The question remains why 
no concentrations were found. This may sustain the hypothesis o f bedform s covering up the 
tracer m ateria l. Despite the lim ited recovery o f tracer m ateria l, the in itia l results confirm  the 
trends from  the bathym etric surveys: the disposed m ateria l that is eroded, is transported in the 
up-estuary d irection towards the sandbar.
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M onitoring of flow  and  sediment transport

Sedim ent transport and flow  velocity were measured during a full tida l cycle in several stations 
near the W alsoorden sandbar. A  first cam paign  was conducted in June 2 0 0 3 , before the 
disposal test, with three stations (1, 2 , 3) down-estuary from  the W alsoorden sandbar. In 
Septem ber 2 0 0 4 , a second cam paign  was realized, also in three locations: station 2 , the 
proposed disposal area and stations 4 and 5 , both contro l points (places that could be 
influenced by the disposal test, one on each side o f the b ifurcation produced by the sandbar). 
These two contro l points were also measured during (Decem ber 2 004 ) and a fter (May 2005 ) 
the execution o f the disposal test. Velocities were measured using acoustic techniques 
(Aanderaa), while sediment transport was measured with the Delft Bottle, on a fram e fo r near

-  51 -



bed transport, suspended on several depths fo r suspension transport. This sedim ent trapp ing  
has the benefit tha t la rger sedim ent samples can be collected over a longer sam pling tim e, 
p roducing a good average transport rate and sufficient sedim ent to  be analysed afterwards on 
gra in  size.

Fig. 1 9. Sed im ent transport and f lo w  ve loc ity  m easurem ent locations.

The results o f the sedim ent transport measurements (Flanders Hydraulics Research, 2 006 ) show 
no sign ifican t changes in the tw o contro l points. The pattern fo r these tw o locations is different. 
For po in t 4 the main sedim ent transport takes place from  H W -2h to  HW . During the ebb period 
only lim ited sedim ent transport was found. For po in t 5 there is a first peak near the end o f the 
flood  (cf. po in t 4 ), but at the start o f the ebb strong sedim ent transport was measured. Despite 
being situated in the so-called flood  channel, strong ebb currents occur in this channel. For the 
o ther points (1 to  4) the W alsoorden sandbar creates a 'shadow  zone ' fo r the ebb flow , with
lim ited velocities and therefore lim ited sedim ent transport during the ebb.

Conclusions in situ disposal test

From m orpho log ica l po in t o f view, it can be concluded tha t the experim ent using a diffuser fo r 
m odifying the m orpho logy o f the sandbar by disposing precisely dredged m ateria l was very
successful. The eco log ica l m on itoring  did not reveal any s ign ifican t negative im pact, neither in
the intertida l areas, nor in the subtidal areas. This in situ test confirm ed the feasib ility o f the 
proposed disposal strategy. A  second disposal started at the beginning o f 2 0 0 6 , however not 
w ith the diffuser techn ique but w ith the com m only used disposal technique. An estimated 
vo lum e o f 4 to  5 m illion  m3 could be disposed here to  reach the proposed objectives, 
representing m ore than half o f the vo lum e dredged yearly in the Western Scheldt.

Conclusion and  recom m endations

For a long tim e dredg ing operations have been considered as producing only negative impacts 
on the environm ent. Flanders Hydraulics Research (at tha t tim e the Belgian N ationa l Laboratory) 
had acquired experience in using dredg ing fo r influencing m orpho log ica l evolutions in the 
C ongo  river, im proving the accessibility o f the m aritim e ports. This experience was used on the
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Scheldt Estuary. The Western Scheldt is one o f the last relatively natural estuaries with a dynam ic 
m ulti-channel system and exceptionally va luab le  eco-systems. A  m anagem ent w ith b roader 
objectives tha t include accessibility, safety and nature preservation progressively replaces the 
past m anagem ent o f the m aritim e access route to  the Port o f Antwerp, which was based a lm ost 
exclusively on an engineering approach . In 2001 an in ternational expert team  appoin ted  by the 
Port o f Antwerp authorities, set fo rw ard new ideas abou t the m orpho log ica l m anagem ent o f the 
estuary by using dredg ing and disposal o f dredged m ateria l to  steer the m orpho log ica l 
behaviour o f the estuarine m ulti-channel system.

As a p ilo t pro ject, to  dem onstrate this new disposal strategy, the location at the sandbar of 
W alsoorden was selected by the Port o f Antwerp Expert Team on the basis o f expertise. The 
western tip  o f the W alsoorden plate has been eroded since decades. Reshaping the tip  o f this 
sandbar by m orpho log ica l dredg ing m ight im prove the se lf-dredg ing capacity o f the crossing o f 
Hansweert, reducing fina lly  the dredg ing effort. The feasib ility  o f this pro ject was studied by 
Flanders Hydraulics Research, com bin ing  desk studies, scale m ode lling , num erical m odelling 
and fie ld surveys. N one o f the results o f this extensive study opposed the feasib ility  o f the 
proposed disposal strategy at the W alsoorden sand bar.

To fina lly  prove the proposed disposal strategy, an in situ d isposal test was conducted. At the 
end o f 2 0 0 4 , 5 0 0 ,0 0 0 m 3 o f sand was disposed at the seaward tip  o f the W alsoorden sandbar. 
The experim ent was intensively m on itored , both on m orpho logy as on ecology. M ore  than one 
year a fter com p le tion  o f this test, it can be concluded tha t a new m orpho log ica l dredg ing  and 
disposal strategy could be successfully em bedded in the future m orpho log ica l m anagem ent o f 
the Western Scheldt. However, as stated by the Port o f Antwerp Expert Team , the new ways of 
d redg ing and disposing sediments should be com bined with o ther measures, such as adapting 
the hard bordering o f the estuary and find ing  alternatives to  the trad itiona l protection works of 
banks and shoals.

The W alsoorden experim ent a lso confirm ed the need fo r bu ild ing  the capacity o f the 
professionals in m orpho log ica l assessment techniques, giving sufficient room  to  expertise and 
visual analysis o f charts, maps and remote sensing observations. A  fu rther co llabo ra tion  
between engineers, b iologists and ecologists is needed to  develop fu rther the idea of 
m orpho log ica l d redg ing and the strategies to  m anage the m orpho logy o f estuarine systems.
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NEW DEVELOPMENTS IN  (LOCAL) MARINE METEOROLOGY

G uido  D umon

Coastal W aterways D ivision, W aterways and M arine  Affairs A dm in istra tion, M inistry o f Flanders 
Vrijhavenstraat 3 , 8 4 0 0  O ostende, Belgium 
E-m ail: gu ido .dum on@ lin .v laanderen .be

W eather at sea is an essential boundary cond ition  fo r safe navigation. Therefore, forecasting 
the weather state at sea delivers a strategic benefit. The air-sea interaction makes this 
forecasting m ore com plica ted. M arine  m eteoro log ica l forecasting not only encloses w ind, 
visibility, p rec ip ita tion , tem pera ture , but a lso waves and tides.

The Flemish coastal zone is characterized by a com plex o f sandbanks influencing waves and 
currents. The shipping channels leading to  the port o f Zeebrugge, the port o f O stend and the 
Western Scheldt, the access-river to  the port o f Antwerp, have a lim ited depth. Deep d raught 
vessels have to  use tida l w indows. To provide the nautical authorities with accurate m arine 
m eteoro log ica l forecasts, in o rder to  optim ize vessel tra ffic , a 'H yd ro -M e teo  System' was set up.

For the production  o f these forecasts the actual m eteoro log ica l situation and state o f the sea 
has to  be known. Therefore the m on itoring  network 'V laam se Banken' was installed. The 
m on itoring  network consists o f m easuring p latform s, wave-m easuring buoys, tida l stations a long 
the coast and a m eteopark at the port o f Zeebrugge.

The O ceanog raph ic  M eteoro log ica l Service (OMS) is the m arine m eteoro log ica l forecast 
centre. A  highly skilled team  o f m arine m eteorologists produces several forecasts a day 
concern ing w ind , visibility, wave-sea, swell, tides and general a tm ospheric cond itions fo r the 
coastal zone and the sh ipping channels.

The m arine m eteoro log ica l forecasts, also called hydro-m eteo forecasts, are distributed to 
dedicated users (division Vessel Traffic Assistance, DAB Pilotage, DAB Fleet, Port Authorities, the 
storm -w arning service o f the division Coast, ...).
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MRCC OOSTENDE: NEW TECHNOLOGIES FOR A SAFER NORTH SEA
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Abstract

O n  1 June 2 0 0 6 , a new M aritim e  Rescue C o o rd in a tio n  C entre  (MRCC) w ill be com m issioned by the 
S h ipp ing  Assistance D ivision o f the M in is try  o f the Flemish C o m m un ity , o ffe ring  a s ta te -o f-the -a rt and 
in tegra ted  p la tfo rm  fo r Vessel T raffic  M o n ito r in g , Inc iden t M an a g e m e n t and Search &  Rescue 
func tiona litie s  to  ensure safety and  to  coo rd ina te  rescue actions a t sea. This pa pe r gives a prev iew  o f the 
advanced  T raffic  M o n ito r in g  func tiona litie s  as they w ill be a va ila b le  in the M R C C .

Introduction

The challenge to  m on ito r and guarantee the safety and efficiency o f sh ipping at sea, requires a 
continuous e ffort from  m aritim e authorities and coastguard organ isations. D ram atic accidents 
like on 1 3 Decem ber 2 0 0 5  the capsizing o f the fishing boa t Z. 1 22  N oordster in British waters, 
always rem em ber us tha t effic ient dep loym ent and qu ick coord ina tion  o f rescue actions at sea 
are o f vital im portance. The recent incident with the Panamese conta ine r vessel MSC Eleni and 
the RoRo vessel Kaduna in fron t o f the Flemish coast on 23  M ay 2 0 0 5 , aga in  draws the 
a ttention o f governm ental m aritim e adm in istrations and authorities to  the ir responsibilities. 
These responsibilities to  constantly guarantee and m on ito r the safety at sea, require a 
continuous im proving and investing in the best ava ilab le  technologies.

Existing radar and tra ffic  in form ation  systems, procedures and w orking methods as ava ilab le  in 
VTS o r M RCC coastal m on itoring  centres are being challenged with new technologies like the 
in troduction  o f AIS, the in form ation  exchange with the European m aritim e in form ation  network 
SafeSeaNet, and the adoption  o f new ICT technologies and software tools. Furtherm ore, 
existing infrastructure has to  be constantly renewed and new technology should always ca ll fo r 
new opportunities. From the legal aspect as well, new regula tions, recom m endations and 
directives from  both an in ternational level (IALA & IM O ) and a European level (EC) o ffe r new 
perspectives and have im plica tions on the VTS and M RCC operating procedures and systems.

M oreover, the am ount and com plexity o f new activities a m aritim e adm in istration  is being 
challenged w ith in the coastal zones, is constantly increasing. These new activities include safety 
m on ito ring , risk assessment, coastal zone m anagem ent, trans-na tiona l in form ation  exchange, 
etc. As well, special a ttention must be given to  the m on itoring  o f ships and navigation in the 
vicinity o f w ind farm  areas in construction o r in explo ita tion . Safety issues related to  shipping 
routes a longside  these constructions are a m a jo r issue fo r m aritim e authorities: the VTS and 
M RCC traffic  m on itoring  systems w ill play an essential role to  perform  this task.

This paper gives a practical dem onstration on how the challenges m entioned above are being 
tackled w ithin the organ isation  o f a M RCC (M aritim e Rescue C oo rd ina tion  Centre). A  renewed 
M RCC will be com m issioned in O ostende (Belgium) in June 2 0 0 6 . This sta te -o f-the-art M RCC 
will be linked to  and w ill be exchanging in form ation  w ith m aritim e authorities (port and VTS 
authorities, the EC /EM SA,...) o r with o ther partners in the Belgian Coastguard O rgan isa tion .
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Fig. 1. MRCC Oostende.

MRCC O ostende system overview

The m a jo r task o f a M RCC is to  coord inate  M aritim e  Search and Rescue O perations w ithin the 
Belgian SAR zone (geograhica lly  identical to  the EEZ zone). This task involves search and rescue 
o f hum an life at the sea and the tasks related to  com bating  sea po llu tion , and results from  
In ternationa l Conventions such as the In ternational C onvention on M aritim e  Search and Rescue 
established in H am burg on April 2 7 , 1979  (The SAR C onvention) such as:

■ constant readiness to  im m ediate search and rescue action ;
■ prepara tion  o f search action plans;
■ co -o rd ina tion  o f the SAR operations;
■ coopera tion  with fo re ign  SAR services;
■ coopera tion  during the SAR service with o ther organ isations such as all o ther partners w ithin 

the Belgian Coastguard o rgan isation.

Therefore a M RCC system comprises three m ain app lica tions which are relying on the exchange 
o f data and in form ation  as shown in Fig. 2.

I n c i d e n t
M a n a g e m e n t

S e a rc h  8r 
R e s c u e

T r a f f i c  
D i s p l a y

. .  ..  ' i S
i

ó ■ ■<

MRCC System  Kernel

H ydro -
m eteo

Radar
Video

ECDIS 
m aps

AIS
tracks

ASTERIX
tracks

Report­
ing

VTMIS data 
CBS

Safe Se a COMM
Net data

Fig. 2. MRCC software architectur
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Incident M anagem ent System (IMS)

The IMS system supports and enhances all ope ra tiona l activities in an Emergency C ontro l Room 
like a M aritim e  Rescue C oo rd ina tion  C enter (MRCC). It helps to  m anage the core tasks o f 
com m unications, resource dep loym ent and incident m anagem ent such as:
■ call logging  and history;
■ incident record ing;
■ resource dep loym ent and m on itoring ;
■ incident m anagem ent;
■ in form ation  and message handling.

The in tegration w ill be achieved th rough the use o f some o f the latest developm ents in IT 
includ ing Voice over IP, CTI (Com puter Telephony Integration) and spatia l databases.

The IMS uses a G raph ica l User Interface (GUI) and includes a scrolling w indow , a hot key, a 
rad io  log , message ca ta logue addressee list, incident log presentation and m apping. M any of 
the message input forms (includ ing the incident logg ing  fo rm , broadcasts, standard incident 
messages) are user-designed and hence can be laid ou t as required. These forms are 
crea ted /updated  using tools provided in the IMS system. This facility  w ill a llow  a M RCC to  
co llect and present in form ation  in exactly the fo rm a t as required.

'A ction  Plans' can be com piled  th rough the system. These action plans can then be called up to 
provide gu idance and an aud it tra il th roughou t the running o f an incident. The action plans as 
prepared fo r the M RCC, w ill be covering all SAR actions and M RCC com m un ication  flows with 
o ther partners o f the Belgian Coastguard o rgan isa tion , as described in com m on procedures fo r 
coopera tion  between all d ifferent Belgian Coastguard partners and services.

Search and Rescue System (SAR)

The Search and Rescue In form ation System is a software too l concerned with the accurate 
determ ination o f search areas fo r lost people, vessels and objects at sea toge ther with 
a lloca tion  o f SAR resources to  systematically searching those areas. It is com p lian t w ith the UK 
C oastguard C G 3  m ethodo logy used by many organ isations th roughou t the w orld , including 
NATO .

The SAR p lann ing too l app lica tion  is summ arised in the fo llow ing  features list:
■ SAR M odel C on figu ra tion
■ SAR Visualisation

- M odel O u tp u t and Reporting
- SAR Target P robability o f Detection (POD)
- 'd rag  and d ro p ' a lloca tion  o f SAR resources to  search areas
- Pre-configured databases o f SAR targets and SAR resources
- G raph ica l m an ipu la tion  o f search areas
- Autom atic  re -ca lcu la tion  o f SAR in form ation

■ Integrated GIS
■ C urrent Flow Data Visualisation 

MRCC -  Integration o f applications

The integration o f the various M RCC app lica tions is being m anaged by an integrated 
VTS/ECDIS app lica tion . The Traffic M on ito ring  d isp lay is interfacing to  the SAR app lica tion  to
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integrate search areas, patterns and ta rget objects fo r the support o f SAR operations, calam ities 
and the fo llow -up  o f daily tasks. The necessary SAR in form ation  is transferred and visualized by 
the VTS/ECDIS app lica tion . The in tegration is m ainly done by exchanging app lica tion  specific 
in form ation  such as search areas o r incident states. The core in tegra tion is done by the 
VTS/ECDIS app lica tion  which is a lso responsible to  serve the web-based access with the 
integrated in form ation . M ap  data (S57) is used in a ll three app lica tions.

Advanced ra d a r detection tools

The radar in fo rm a tion , which is ava ilab le  in the M RCC, could be used fo r o ther app lica tions 
useful fo r o ther coastguard o r m aritim e partners. An exam ple is the possibility to  detect o il spills 
on the w ater-level, currents and wave directions o f the sea level, o r even the topography o f the 
sea bottom . Based on the systems and radar in form ation  ava ilab le  in the new M RCC, tests w ill 
be carried ou t at the end o f 2 0 0 6  to  investigate the techno log ica l possibilities to  provide 
add itiona l in form ation  tha t could be o f value to  o ther m aritim e partners o r coastguard partners. 
Early detection and recovery o f the o il spill is one possible future exam ple o f this advanced 
radar software technology. Detection and com bating  sea po llu tion  is very im portan t as public 
awareness is high a fter several accidents with o il vessels in the near past. Therefore, effic ient oil 
spill detection during day and night cond itions, based on existing VTS and M RCC systems could 
be an asset fo r the coastguard o rgan isation  in the fu ture , as an add itiona l source of 
in fo rm a tion , com plem entary to  the a lready ava ilab le  technologies o r procedures fo r o il slick 
detection. C om bined with in form ation  abou t current predictions this would  greatly help to 
coord ina te  respective actions.

These radar software technologies increase efficiency and safety at sea and on board. Illegal oil 
spills can be detected th rough existing VTS radar infrastructures. The cond itions o f an incident, 
like currents, sea bottom  topography, water level, etc. can be reconstructed because raw radar 
data can be stored and m ade ava ilab le . In man over board situations, a search and rescue 
opera tion  can be more effic ient because current vectors can be m easured, provid ing an 
accurate prediction o f w ater m ovem ent in tim e, a llow ing  accurate determ ina tion  o f the position 
o f the person.

Integration o f this radar software processing tools in an existing M RCC system, could  be of 
added-va lue  to  provide m ore in form ation  to  o ther coastguard partners.

W indfarm  risk assessment and decision-making tools

The real-tim e tra ffic  im age o f the N orth  Sea as ava ilab le  in the M RCC, toge ther w ith chart 
in form ation  o f activities in specific zones o f the Belgian EEZ zone, offers opportunities to  add 
extra software tools fo r m anagem ent-level decis ion-m aking  tools in case o f incident 
m anagem ent, action plan assessment o r incident investigation.

Specifically fo r the risk assessment, p lanning and coord ina tion  o f vessel m anoeuvering o r 
rescue actions in the vicinity o f a w indfarm  area, a software too l Rembrandt is foreseen in the 
new MRCC.

'R em brandt' is a real- and fast-tim e sh ip -hand ling  and m anoeuvring sim ulator. It is princ ipa lly  
designed fo r the fo llow ing  app lica tions:
■ m anoeuvre rehearsal;
■ ship perform ance and opera tiona l assessments;
■ assessment o f port arrangem ents (berths, channels, etc.);
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■ assessment o f tug requirements;
■ sh ip -hand ling  tra in ing ;
■ incident investigations.

This too l w ill be used in the risk assessment o f ship m anoeuvering and rescue operations w ithin 
o r in the vicin ity o f w indfarm  areas in the Belgian North Sea, and will be integrated as extra 
functiona lity  onto  the M RCC software p latform .

M aritim e communication platform

A part from  the advanced Traffic M on ito ring  functiona lities, the M RCC w ill be equ ipped with a 
sta te -o f-the-art M aritim e  C om m un ica tion  p la tform  from  Frequentis. This fau lt to le ran t and fu lly 
d ig ita l p la tform  will be integrated with external in form ation  sources such as DSC (D igital 
Selective Calling) calls and Navtex messages in o rder to  guarantee m axim um  safety at sea. This 
com m un ication  p la tform  offers an easy-to-use and integrated touch-screen user app lica tion  to  
the M RCC opera to r, a llow ing  qu ick com m un ica tion  in case o f incidents o r rescue actions.

Conclusions

MRCC Oostende technologies

The renewal o f the M RCC O ostende was awarded a fter a European tender procedure to  a 
m ulti-d isc ip linary consortium  form ed by the com panies Barco, Fabricom  GTI and Tein Telecom . 
The new M RCC w ill be com m issioned on 1 June 2 0 0 6  by the Shipping Assistance Division o f 
the M inistry o f the Flemish C om m unity and will replace the current m on itoring  system to  
becom e an integrated, sta te -o f-the-art rescue and co -o rd ina tion  centre.

The M RCC O ostende tra ffic  m on itoring  technologies and systems integrate an advanced 
version o f VTS systems (OPScenter VTS from  Barco, Belgium) with an Incident M anagem ent 
System (VISION from  Fortek Ltd., UK) and a Search &  Rescue m odule  (SARIS from  BMT 
Renewables Ltd., UK).

W ith  the new system, operators will be able to  d isplay tra ffic  data from  d ifferent external sensor 
sites. The M RCC system so lu tion includes the integra tion o f data from  an existing AIS network, 
in form ation  from  existing hydro logica l and m eteoro log ica l measuring systems and databases, 
voice com m un ica tion  facilities, com bined radar v ideo, track and vo ice record ing and replay 
functiona lities, in form ation  exchange on reg ional level w ith Port and VTS authorities (Central 
Broker System), in form ation  exchange on European level using the SafeSeaNet (SSN) network, 
and allows browser-based access to  an integrated traffic  im age and SAR incident logg ing  fo r 
coastguard partners.

If there is an incident, the M RCC can rely on a lean, re liab le and s ta te -o f-the-art so lu tion , which 
fu lly  supports all port contro l and m aritim e rescue activities and fulfils the role o f a N ationa l 
C om petent Authority (NCA) w ithin the European context o f SafeSeaNet. In this way, the M RCC 
O ostende w ill be ab le  to  com ply with all ob liga tions as set ou t in the EU M on ito ring  Directive 
(2 0 0 2 /5 9 ) and as fo llow ed up by the European M aritim e  Safety Agency (EMSA).

A long with its role as rescue coord ina tion  center, the new M RCC will a lso provide a separate 
incident m anagem ent crisis meeting room  and press in form ation  center. For this purpose, a 
large-scale h igh-reso lu tion v ideow all is foreseen in the crisis meeting room , provid ing 2 4 /7  
ope ra tiona l capab ility  w ith m ultip le  inputs and adjustab le  screen layout functiona lities. 
V ideoconferencing functiona lities as well are foreseen in this crisis meeting room  to  a llo w  all
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members o f a M RCC crisis meeting in O ostende to  com m unicate  with o ther essential partners 
in the Belgian C oastguard O rgan isa tion , from  which the Navy base in Zeebrugge and the 
nationa l Rescue C oo rd ina tion  Centre in Brussels are tw o m a jo r key partners a longside  the
M RCC.

Future vision

Advanced Traffic M on ito ring  solutions today are no longer stand-a lone systems reserved fo r 
m a jo r ports, waterways and m aritim e authorities, but are becom ing increasingly s ign ifican t fo r 
m aritim e rescue coord ina tion  and incident m anagem ent. Integrated tra ffic  m anagem ent systems 
and solutions w ill m ore and m ore have to  o ffe r a h igh-perform ance and highly re liab le 
m aritim e service to  o ther m aritim e partners o r customers based on the gathered and 
conso lidated in form ation . This is especially the case fo r an M RCC in the coord ina ting  service it 
has to  o ffe r to  quickly and adequate ly inform  o ther Coastguard partners in case o f an incident 
o r rescue action , enabling them  to  perform  the ir tasks and responsibilities as efficiently as 
possible.

Traffic M anagem ent solutions should focus on integrating tra ffic  m anagem ent with rescue 
coord ina tion  services and external in form ation  sources and databases supporting a com m on- 
ope ra tiona l-p ic tu re  visualization fo r ports, waterways, coastal and m aritim e safety and security. 
The nature o f m aritim e crisis m anagem ent means tha t d ifferent authorities o r organ isations, like 
a ll coastguard partners, search and rescue o r safety-related authorities, emergency response 
services, security-related o r anti-terroris t authorities, port authorities,... are dispersed in virtual 
organ isations. A ll partners and authorities w ork toge ther (e.g. in the Belgian Coastguard 
o rgan isation) to  look at situations, assess the risks, identify potentia lly  critica l situations tha t may 
develop into crises, develop strategies fo r avo idance, m itigation  o r a id , plan fo r these and then 
im plem ent.

C ontinuous re-p lann ing and updating based on integrated in form ation  support is essential as 
the situation changes. For this purpose, a ll in form ation  data as captured and conso lidated in 
the M RCC, w ill be m ade ava ilab le  to  partners on an ope ra tiona l level, to  ensure a high degree 
o f g roup  awareness o f how the situation is m anaged in o rder to  support tim ely, accurate and 
effective decisions to  be taken by each partner th roughou t critica l situations.

Next generation of integrated solutions

In the future an integrated so lution should not just cover the in tegration at the presentation level 
but a lso at the database level. This w ill a llow  in tegra tion o f a large range o f data sources, rea l­
tim e in form ation  and models. These sim ulation &  tra in ing  tools will support the persons behind 
the systems (not only persons on the opera to r-leve l, but also on the m anageria l o r decis ion ­
m aking level) by helping to  com p lim en t the ir experience and know ledge in the best way.
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Incident Management V IS ION X X X Inciden t response
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Fig. 3. In tegrated tra ffic  m on ito rin g  so lu tions and functiona lities .

A  true surveillance environm ent as such in a M aritim e  Rescue C oo rd ina tion  C enter (MRCC) is 
designed to  provide a rea l-tim e co llabora tive  w ork environm ent fo r m on ito ring , response 
d isp a tch ing /co -o rd ina tio n , access/flow  con tro l, record ing and overall systems control fo r 2 4 /7  
operations.

The M RCC O ostende is o ffering a highly advanced and integrated system p la tfo rm , supporting 
sta te -o f-the-art vessel tra ffic  m on ito ring , incident m anagem ent and search and rescue 
functiona lities, and is ready to  cope with the challenges o f the future.
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Abstract (Dutch)

De brug slaan tussen kenniscreatie  en praktische im p lem en ta tie  in m u ltim o d a a l ach te rlandve rvoer. De 
brug slaan tussen theo rie  en p ra k tijk  v o rm t steeds een g ro te  u itd ag ing . Het V laam s Instituut vo o r de 
Logistiek (VIL) heeft deze missie op  het v lak  van log istiek. Het VIL wil de log is tieke sector in V laanderen 
duurzaam  ondersteunen en versterken in ha a r com petitiv ite it. Het w il een p la tfo rm  zijn m et concrete 
an tw oo rden  op re levante log istieke vraagstukken. Z o  w il het VIL de b rug functie  vervu llen tussen enerzijds 
de kennis d ie  gecreëerd w o rd t aan de trad ition e le  kennis inste llingen, zoals un iversiteiten o f hogescho len , 
en anderz ijds de concrete p ro b lem a tie k  d ie  zich stelt in het werkveld . Het VIL w il u itg roe ien  to t een 
centrum  d a t log is tieke  kennis op bo uw t, verzam elt en verspreid t. Het innoveert en m oe d ig t innova tie  aan. 
Het stuwt de p ro m o tie  van de V laam se log is tiek  en van de log is tiek  in V laanderen . Het VIL is voo rtdu rend  
op zoek na a r instrum enten om  theo rie  te verta len na a r de p raktijk . D a t kan v ia  een toe ga n ke lijk  ra p p o rt 
(VIL-Series), een ha nd le id ing  (bvb. om  de meest geschikte m oda l sp lit te ach terha len ), een s tappenp lan 
(bvb. om  een sam enw erk ing  o n d e r log istieke dienstverleners op  te ze tten ),... m aa r o o k  via best practices. 
V ia verspre id ing  van deze tes tim on ia ls  kunnen log istieke acto ren w arm  ge m aa k t w orden v o o r bepaa lde  
log istieke concep ten. Z o  kan b ijvoo rbe e ld  een m u ltim o d a le  on ts lu iting  van een haven g e p ro m o o t 
w orden. Er w o rd t een k lo o f w a a rgenom en  tussen v raag  en a a n b o d  in de vervoerm arkt. Een afstem m ing 
tussen v raag  en a a n b o d  is nod ig  v o o r een goed  a fgew ogen m odalite itskeuze. Verladers nem en nog te 
vaak beslissingen op basis van een in com p lee t o f gek leurd  beeld van de beschikbare d ienstverlen ing van 
de versch illende m od a lite iten . D aarnaas t hebben vervoerders en transportope ra to ren  te w e in ig  voe ling  
m et de verzuchtingen van de verladende sector. In de pape r w o rd t ingegaan  op de m ethod iek  d ie  het VIL 
hanteert om  de brug te s laan tussen vaak  u it e lkaa r ge g ro e id e  werkvelden.

Abstract (English)

The Flanders Institute fo r Logistics (VIL) is con tinuous ly  search ing fo r oppo rtun ities  to  bring  tog e the r the 
various logistics actors. The m ain ro le  o f the VIL is often the one o f m atch-m aker. A  m atch shou ld  be 
m ade between transport dem and  and supply, between users and providers o f transport. Know ledge and 
experience a b o u t the d iffe ren t transp o rt m odes has to  be d is tribu ted tow ards po ten tia l users. T ransport 
providers, on the ir side, shou ld  be given ins igh t in the sh ippers ' requirem ents. T hrough best practices and 
a m anua l e lab o ra ted  in the fie ld  o f m u ltim oda l transp o rt one supports this m atch ing  go a l. A  m atch 
shou ld  a lso be looked  fo r between on one hand the ports w ith the ir m aritim e  activ ities (i.e. lo a d in g  and 
un lo a d in g  sea vessels) and on the o th e r hand custom ers in the h in te rland  search ing fo r ap p ro p ria te  
connections w ith the ports. Several im provem ents can be w orked on. O ften  one o f the m ost critica l 
success factors seems to  be the ab ility  to  b ring  toge the r the rig h t players. The VIL, as a neutra l party, has 
often a fac ilita tin g  o r c o o rd in a tin g  ro le  in c o lla b o ra tio n  pro jects. F ina lly one shou ld  m atch the 
academ ic ians  w ith the p ractitioners. There often seems to  be a know ledge  gap  between these tw o 
d iffe ren t w orlds. The Flanders Institute fo r  Logistics (VIL) has the m ission to  deve lop and to  ap p ly  several 
too ls  in o rd e r to  b ridge  these various gaps.
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Introduction

The Flanders Institute fo r Logistics (VIL) started in M ay 2 0 0 3  and was an initiative o f a few 
logistics service providers with financ ia l support from  the Flemish governm ent. It im m ediately 
filled a gap.

Flanders takes a prom inent place in the logistics environm ent o f Europe. That position is gained 
by this region th rough its prim e loca tion , dense and integrated m ultim odal transport 
infrastructure and its well tra ined , m u ltilingua l and productive employees. Foreign investors 
d iscover in Flanders an ideal loca tion  fo r a European D istribution Centre, as is confirm ed by the 
European D istribution Report o f Cushman & W akefie ld  Healey &  Baker (2004).

Since the above-m entioned advantages are o f a tem porary nature and in o rder to  m aintain and 
im prove its position, the logistics sector in Flanders has to  innovate continuously. M oreover, 
sufficient attention has to  be given to  value added activities and innovative concepts and 
technologies tha t can anchor and further strengthen the logistics future o f Flanders. C reating, 
spreading and encourag ing  innovation fo r logistics belongs to  the main task o f the Flanders 
Institute fo r Logistics (VIL).

The logistics sector in Flanders has to  fu lfil an im portan t role in the g loba l, fast changing 
logistics market. This means tha t Flanders needs to  have a p la tform  to  perm anently unite the 
three interested parties involved, nam ely the com panies in the logistics sector, the Flemish 
institutions o f know ledge (e.g. universities) and the Flemish governm ent. The intense 
coopera tion  between com panies with logistics activities, researchers and experts, and the 
governm ent, is the best guarantee to  realise continuous im provem ent in the Flemish logistics 
sector, partia lly  th rough techno log ica l and conceptua l innovation , in o rder to  develop Flanders 
as the 'logistics region o f excellence' in Europe. To m ateria lise this coopera tion  and as a 
consequence to  bridge the gap between the d ifferent logistics actors, the VIL has a task as 
know ledge base. It has to  fo rm u la te  specific answers to  relevant questions and issues in the 
Flemish logistics sector.

In this paper first the research m ethodo logy o f the VIL is explained. The d ifferent know ledge 
pillars and research levels are presented. Further the paper focuses on m ultim odal transport 
and its challenges. Looking fo r app ropria te  tools in o rder to  match supply and dem and in 
transport is one o f these challenges. A nother is m atching the port com m unity with the logistics 
actors in the port h interland th rough effic ient h interland connections. F inally some prom ising 
innovative concepts are presented and the role o f the VIL here in.

Research methodology

Knowledge deve lopm ent o f the VIL is structured in tw o dim ensions. In the first d im ension there 
are fou r p illars, tha t make a first division o f the various research projects. O f these fo u r pillars 
there are three know ledge pillars (M u ltim oda l Transport, Value added concepts and 
Technologies, Partnerships) and one supporting p illa r (Benchmarking o f Flanders). In the p illa r 
'Benchm arking o f Flanders' projects are set up to  m ap logistics in Flanders quantita tive ly and 
qualita tively. For projects developed w ithin the know ledge pillars, know ledge creation is the 
m ain goa l as well as the support o f the competitiveness o f the logistics sector.

W ith in  each o f these know ledge pillars projects are set up when they meet predefined criteria 
such as the m agnitude o f the user basis, the innovative characte r and the support and interest 
from  the sector. In this top ic  selection, criteria such as the c lear identifica tion o f the target
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g roup , the con tribu tion  to  the com petitive position in Flanders and the strengthening o f the 
im age o f logistics in Flanders are taken into consideration.

These projects can, in a second d im ension, be divided accord ing to  research level. W e can 
identify fou r types o f projects:

1. Feasibility studies
2 . Strategic projects
3. P ilot-projects in coopera tion  w ith com panies
4 . C ontract research

Feasibility studies

A  feasib ility study (h ttp ://w w w .v il.be /en /s tandvzaken .h tm ) is the first in troduction  to  a top ic. It 
describes a current status o f research and practice o f this chosen top ic. D ifferent players, 
expertise and relevant w ork on this top ic  is m apped. Bottlenecks, opportunities and solid cases 
are listed. Existing patents and licences are verified. The th roughpu t tim e o f such study is 
generally fou r to  six months. The findings o f a feasib ility study are co llected and presented to  the 
VIL m embers, w ith whom  feedback sessions are organised.

W ith the feedback o f the sector it is then decided if a strategic pro ject is in itiated. A  feasib ility 
study w ill always result in a pub lica tion , in most cases a VIL-series.

Strategic project

A  strategic pro ject (h ttp ://w w w .v il.be /en /s tra teg ischew g.h tm ) aims at an in-depth  study o f a 
(niche of) a research top ic  and the start-up o f innovative know ledge in this dom ain . The 
taskforce, o f which the pro ject period can last up to  12 months and m ore, is d ivided into phases 
and presented to  a steering com m ittee. This steering com m ittee, assembled from  academ ic 
experts and logistics players, acts as a soundboard  tha t fo llows up and steers the course o f a 
project. The pro ject is rounded up w ith an actual realisation in which the new concepts are 
app lied.

Pilot-projects in cooperation w ith companies

G eneric know ledge is developed w ithin a strategic project. This know ledge, crystallized in a 
m anual and a step-by-step p lan, can be app lied  by a w ide range o f com panies and industria l 
sectors. The VIL also wants to  be active in a m ore specific context th rough counselling 
com panies (clusters) in the practical deve lopm ent o f the developed know ledge. In p ilo t projects 
the too ls developed in strategic projects are used and fu rther va lidated. C om panies are w illing 
to  invest (financial) resources in the p ilo t. Practical results are translated by the VIL into generic 
lessons relevant fo r a b roader ta rget group.

Contract projects

A  fourth type o f pro ject is contract research. This involves co llabo ra tion  between (a g roup  of) 
com panies and the VIL as partners, whereby each party has input and the results are shared. 
Im portan t is the socia l relevance o f the pro ject assignm ent, whereby the neutral and advising 
position o f the VIL is essential. In this contract research the VIL w ill have a coord ina ting  and
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supervising role and specific external expertise w ill be conso lidated and integrated through 
consultants o r know ledge centres. B reakthrough, innovation , neutra lity and qua lity are kept high 
in these projects. The VIL was a lready involved in d ifferent contract research projects, e.g. BIAC 
(A irport Zaventem ), CEPA (Head office fo r employers at the harbour o f Antwerp) and the 
Adm in istra tion  o f Customs and duties o f the FO D Finance.

M ultim odal transport

In this paper we focus on the VIL know ledge p illa r M u ltim oda l Transport. O ften  m ultim odal 
transport, considering the d ifferent modes o f transport in transport decisions, is named one o f 
the sustainable solutions fo r crucia l m ob ility  issues. Both pub lic  and private actors are looking 
fo r solid initiatives and innovations in this dom ain . The ultim ate goa l should be to  use in an 
optim al way the ava ilab le  capacities o f the transport networks (roads, rails, inland waterways, 
te rm ina ls ,...). A  well developed m ultim odal transport system is assessed as the critica l success 
fac to r fo r the con tinua tion  and expansion o f Flanders as logistics top  region.

The VIL started mid 2 0 0 4  with an explora tion phase on the dom ain  o f m ultim odal transport. 
The goa l o f this explora tion  phase was m apping the bottlenecks and opportunities in 
m ultim odal transport. A  modus neutral position is taken. M u ltim oda l has the fo llow ing  m eaning 
to  the VIL: on the basis o f sufficient know ledge o f the various transport modes fo r the type 
goods concerned, choosing the most app ropria te  means o f transport. This implies tha t a 
so lution can be e ither un i-m oda l o r interm odal.

In August 2 0 0 4  an in form ation  meeting was organised where a w ide g roup  o f actors was 
invited. The intent was to  check the role o f the VIL in this m ultim odal context. A  steering 
com m ittee fo r m u ltim odal transport was form ed tha t overlooks this know ledge p illa r o f the VIL 
and tha t is able to  o ffe r tha t feedback useful to  va lidate  the created know ledge on m ultim odal 
transport.

Via various, well-chosen in-depth interviews with 'p rom inent witnesses' this explora tion phase 
was conducted.

The explora tion phase b rought abou t seven m ultim odal challenges:

1. M atch ing dem and and supply in transport
2. W ork ing  on a fa ir m a rk e t-a  level playing fie ld - fo r transport
3. O p tim is ing  h interland connections fo r the ports
4. Revitalising rail tra ffic
5. O p tim is ing  the use o f a ll ava ilab le  network capacity
6. Total logistics optim isation
7. Analysis o f innovative transport concepts

The VIL is determ ined to  fo llo w  up these seven themes. In o rder to  guarantee the v igou r o f the
VIL and a structural research approach  in this know ledge p illa r m u ltim odal transport, one
should focus on a lim ited num ber o f topics. The fo llow ing  three priority projects were chosen:

1. M atch ing dem and and supply in transport
2. O p tim is ing  h interland connections fo r the ports
3. Analysis o f innovative transport concepts
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The first tw o projects are drawn in a generic research pro ject (strategic project). The th ird  one is 
research in various separate (pilot) projects.

Matching tools in the multimodal transport m arket 

Introduction

Because o f grow ing congestion problem s and environm enta l and safety concerns in road 
transport, fre igh t transporta tion  becomes m ore and m ore a key issue in logistics in particu la r 
and in the whole  industria l process in general. Nowadays a large m ajority o f fre ight flows are 
go ing  by road haulage. M u ltim oda lity  is m ore and m ore presented as the option  to  deal with 
the above-m entioned transport problems. In a m u ltim oda l transport context the decision maker 
is able to  consider d ifferent transport modes and to  eventually choose the most appropria te  
so lution. This can be a un i-m oda l o r an in term odal one. An in term odal journey combines 
different transport modes with transhipm ent in between. Shippers often adm it they have a lack 
o f know ledge and experience abou t the d ifferent transport modes. O n  the o ther hand transport 
suppliers are not always aware o f the specific requirements o f the transport user. O ften  there 
appears a w ide gap between transport dem and and supply.

Listing matching opportunities

An abundance o f m atching tools are suggested in academ ic and funded pro ject w ork 
environm ents. The step towards im plem entation and com m ercia lisa tion  is often e ither neglected 
o r underestim ated. The Flanders Institute fo r Logistics (VIL) has carried ou t a thorough  analysis 
o f the m atching opportunities in the transport market. A  clustering exercise resulted in an 
exhaustive and unam biguous list o f m atching opportun ities, from  creating awareness th rough 
in form ation  provid ing (e.g. p rom otion , best p ractices,...) to  supporting decisions by means of 
various tools (sim ulation too ls , route planners, com m un ica tion  p la tfo rm s,...). Based on a SW OT 
analysis o f the d ifferent opportunities a roadm ap fo r further initiatives has been developed. This 
resulted in concrete tools fo r logistics decision makers. A  m anual describ ing the d ifferent steps 
in the m odal split process in a user-friendly way is such a too l. It helps industria l actors to  make 
m ature m ultim odal decisions. Such a too l is deve loped, m ade ava ilab le  and prom oted by VIL 
a fter an extended va lida tion  am ong logistics decision makers.

Industry relevance

M any logistics managers regularly face the choice between d ifferent transporta tion  modes: road 
hau lage, in land naviga tion , rail transport, short sea sh ipping, etc... The transporta tion  m ode 
choice is still often m ade in a rather irra tional way. Recently this problem  was merely a cost 
m in im isation p rob lem ; cost was m ainly understood as 'o u t o f pocke t' cost. The increasing 
pressure fo r fast delivery o f small batches (cf. JIT), the possibility o f d irect and flexib le access to 
the fina l custom er (responsiveness) and various o ther reasons have favoured road 
transporta tion  in the years past. C ongestion, environm enta l dam age, accidents and the 
threaten ing re-regu lation  make tha t industria l actors at least should exam ine the opportunities 
o f a lternative transport modes. Nowadays, one decides to  apply a lternative transport fo r 
spreading o f risks. Logistics decision makers adm it they often have not enough background to 
choose the most app ropria te  transport so lution. They are searching fo r tools to  support 
transport decisions in a m ultim odal context. It is part o f the VIL mission to  antic ipa te  tha t need.
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The VIL role

The VIL has the role o f match m aker in m ultim odal transport. Beside the developed m anual 
supporting decision makers in the ir m odal sp lit decisions (see above), one has chosen fo r best 
practices o r testim onials abou t a certa in issue in m ultim odal transport. The aim  is tha t logistics 
actors w ill learn som ething by reading these structured cases o r w ill com e to  new insights. 
Perhaps this can help these logistics decision makers to  realise a m odal shift. At least they 
becom e aware o f the opportunities o f a lternative transport concepts and in this way they get a 
mental shift. A bou t 30  well-chosen best practices are offered on the VIL-website. A ga in , this is a 
way to  decrease the gap  between shippers and transport providers.

Optimising hinterland connections of Flemish ports

The developm ents in m u ltim odal networks take place in a fast changing econom ic context with 
im portant logistics and m aritim e evolutions, tha t equally have an im pact on the logistics 
o rgan isation  o f the h interland network. Ports are hereby m ainly focussed on loading  and 
un load ing  sea vessels. The strong increase o f the to ta l vo lum e handled in the Flemish seaports, 
m ainly under the impulse o f the fast grow ing conta iner tra ffic  in the port o f Antwerp, poses new 
dem ands to  the m ultim odal h interland connection. Hereby is recognized tha t sm ooth 
connections from  the Flemish ports to  the h interland are crucia l to  safeguard the com petitive 
position o f these ports.

In this strategic pro ject the VIL has focussed on the bottlenecks o f h interland connections and 
the requirements o f users o f these connections to  ports. The first objective is to  search fo r 
o rgan iza tiona l aspects in a current existing infrastructural context with a fina l goa l o f optim al 
use o f the capacity in the existing h interland network across borders o f the ind iv idua l modes.
The fo llow ing  phases were com pleted:

Bottleneck analysis

Enum eration o f bottlenecks th rough  abou t 3 0  in-depth interviews with interested actors w ithin 
the h interland connections such as port authorities, fo rw ard ing  agents, sh ipping com panies, 
(inland) term ina l operators, logistics service providers (LSPs) and shippers.

Best practices

Fifteen best practices accord ing  to  a fixed structure were worked out. The cases describe m ainly 
o rgan izationa l but a lso technical improvements in the optim isa tion  o f h interland connections.

Requirements analysis

The (logistics) requirements o f transport app licants, prim arily shippers but a lso LSPs and term ina l 
operators, were m apped qua lita tive ly  th rough in-depth interviews. O n  the basis o f the findings 
o f these interviews, a survey was com posed tha t ensured a quantita tive  check at the shippers' 
side.

Im provem ent projects

From the synthesis o f bottlenecks and requirements o f h interland connections in com b ina tion  
with inventarised best practices, a long list o f im provem ent opportunities was created, m ainly
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focussing on m arket players. A fter evaluation on the basis o f tw o criteria , the opportun ity  fo r 
success and the fina l effect on m u ltim odal transport, six favourab le  improvements projects were 
selected whereby the role o f the VIL was stated:

1. Set-up o f a neutral m u ltim oda l in form ation  desk
2. Encouragem ent o f co llabo ra tion  w ithin the m ultim odal transport chain actors
3. S tim ulation o f techno log ica l deve lopm ent and innovation in m ultim odal transport
4. C reation o f a basis fo r increasing opening  hours o f seaport term inals
5. Im provem ent o f the insight in to ta l logistics costs
6. Study o f opportunities in the deve lopm ent o f an integrated m ultim odal network

In most o f these im provem ent tracks the VIL aga in  has a role o f co o rd in a to r o r fac ilita to r. There 
is often lack o f a neutral partner w ho is able to  bring toge ther the necessary actors and who is 
guard ing  a level playing fie ld  am ong the d ifferent players.

Transport innovation

The Flanders Institute fo r Logistics (VIL) has the objective to  search fo r new opportunities and 
innovation in transport. N o t only introducing new modes o f transport, but a lso app ly ing new 
concepts m aking use o f existing transport modes is part o f the VIL mission. Two examples are 
given here in o rder to  illustrate the VIL innovative approach.

Transport o f pallets through in land navigation

In the Distrivaart pro ject (2 0 0 2 -2 0 0 4 ) the opportunities were investigated to  transport pallets 
with fast m oving consum er goods via inland waterways. This innovative logistics concept was 
e laborated in the Netherlands. The concept is innovative in the sense tha t it is focused on non- 
trad itiona l flows fo r in land naviga tion , i.e. neither bulk nor containers. Line services are offered 
fo r palletized goods wherein several vessels fu lfil a fixed journey.

The objective is to  attract palletized fast m oving consum er goods (FM CG ), w ith the aim  to 
establish econom ies o f scale and scope th rough co llabo ra tion . Retail o rganizations like A lbert 
H eijn, Schuitema and Laurus and m anufacturers like Heineken, Interbrew, G ro lsch , Unilever, 
C oca C o ia , and K im berly-C la rk partic ipated in the p ilo t project. In the im plem entation phase 
both technical and econom ica l problems appeared.

Nowadays, in Flanders a pro ject has been started to  explore the opportunities o f a s im ila r 
concept. A  trade -o ff should be m ade between on one hand the ease to  im plem ent such pallet 
transport and on the o ther hand the econom ies o f scale and network effects obta ined by that 
concept. This study should result in concrete p ilo t projects im plem enting such innovative 
concepts in inland navigation. A fter the first phase co llabo ra tion  am ong actors in construction 
m aterials seems to  be prom ising in o rder to  atta in  the necessary volumes. A ga in , the VIL can 
play the role o f consolidator.

Barge shuttle

C ongestion is not only a problem  on roads, but a lso more and more in ports. Ports are trying to  
optim ise the handling operations at the sea term inals. They are focused on loading  and 
un load ing  the often huge sea vessels. H andling  inland barges comes on the second place. O ne  
o f the im provem ent options is trying to  avoid the small call and drop  sizes o f the inland 
conta ine r barges in the port. A  barge shuttle service m ight be useful fo r the co llection and 
d istribu tion o f containers between the d ifferent sea term inals in the port o r between different
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transhipm ent points in a certain region in the h interland. As a result high vo lum e line services 
can be organised between the port on one hand and the h interland hubs on the o ther hand.

Nowadays, ind iv idua l actors a lready o ffe r such a service. O pportun ities  are exam ined in which 
several shippers use a com m on barge shuttle service. There are examples where a crane is 
connected on the vessel (e.g. the AMS crane-vessel in the port o f Am sterdam ). In the latter 
concept transhipm ent infrastructure can be avoided on the quays. The critica l success fac to r as 
a lm ost always is a high enough vo lum e. Through co llabo ra tion  one can conso lidate  fre ight 
flows and as a consequence a structured line service m ight be viab le. The VIL is asked by some 
actors from  the petrochem ical sector to  exam ine the opportunities in this fie ld .

Conclusion

The Flanders Institute fo r Logistics (VIL) is continuously searching fo r opportunities to  bring 
toge ther the various logistics actors. The m ain role o f the VIL is often the one o f m atch-m aker. A  
match should be made between transport dem and and supply, between users and providers of 
transport. Knowledge and experience abou t the d ifferent transport modes has to  be distributed 
towards potentia l users. Transport providers, on the ir side, should be given insight in the 
sh ippers' requirements. Through best practices and a m anual e laborated in the fie ld of 
m ultim odal transport one supports this m atching goa l. A  match should also be looked fo r 
between on one hand the ports with the ir m aritim e activities (i.e. loading  and unload ing  sea 
vessels) and on the o ther hand customers in the h interland searching fo r appropria te  
connections with the ports. Several improvements can be worked on. O ften  one o f the most 
critica l success factors seems to  be the ability  to  bring together the right players. The VIL as a 
neutral party has often a fac ilita ting  o r coord ina ting  role in co llabo ra tion  projects. Finally one 
should match the academ icians with the practitioners. There often seems to  be a know ledge 
gap between these tw o d ifferent worlds. The Flanders Institute fo r Logistics (VIL) has the mission 
to  develop and to  app ly several tools in o rder to  bridge these various gaps.
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From GIS to m ap production

For m ore than 15 years, Aquaterra  has been involved in projects related to  d ig ita l m apping, 
cartography and photogram m etry. In these GIS-related activities the main effort was the 
production o f geo -in fo rm ation  and com bin ing  data o f several G IS-formats (e.g. Esri, M ap ln fo , 
In tergraph, Au toC A D , etc.).

In the early nineties, Aquaterra  developed the necessary know -how  and software capabilities to  
bring G IS-data into the m ap-prin ting  environm ent. A t tha t tim e GIS-systems were used fo r map 
creation and screen display; ou tpu t was lim ited to  p lo tting o r printing to  com pute r connected 
peripherals.

Bringing the m ap results to  a real ca rtograph ic  layout and ou tpu t was very d ifficu lt and nearly 
impossible. O ffset printing could only be achieved th rough long and painful conversion o f data 
o r th rough some very expensive raster based products.

In 1 98 7  the Apple -M acin tosh  com puter was the first personal com puter environm ent provid ing 
a so lu tion fo r desktop publishing helped by A dobe 's postscript language. This revolutionised the 
w orld  o f publishing and printing and would  be the breakthrough fo r most o f today's  printing 
capabilities. Today no printing is possible w ithout the use o f a postscript RIP.

In desktop pub lish ing, a RIP o r Raster Im age Processing is the process and the means o f turn ing 
vector d ig ita l in form ation  such as a PostScript file  into a h igh-reso lu tion raster im age. The RIP 
takes the d ig ita l in form ation  abou t fonts and graphics tha t describes the appearance o f the file 
and translates it into an im age com posed o f ind iv idua l dots tha t the im aging device (or printer) 
can output.

The RIP is the trans la to r between the com pute r data and the p rinter so lu tion. In today 's  offset 
printing industry the g raph ic layout is no longer written to  film  but d irectly to  the printing plates 
in the fo u r CMYK co lo r com ponents.

Fifteen years ago  this procedure was unth inkable ; the printing o f a GIS-based m ap was 
impossible w ithout very dedicated file  translation. It was in this dom ain  tha t Aquaterra 
developed know -how  and tools to  bring G IS-data to  postscript. O nce  the m ap conversion 
fin ished, they could go to  offset printing and publishing.

Today a g reat variety o f tools and procedures are needed to  bring d ig ita l maps into the clients' 
approved layout and representation. D igita l cartography requires a perm anent research to  
satisfy the ever-increasing qua lity requirements and to  m aintain cost contro l.

Aquaterra  has been involved in many m ap productions fo r a w ide variety o f projects in tourism , 
m obility , urban p lann ing , environm ent, real estate, ecology, photogram m etry, etc.
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In the m aritim e and coastal environm ent Aquaterra  had the opportun ity  to  do  a num ber of 
m apping projects. In each o f them  d ifferent methods and production  schemes were used. We 
w ill discuss a few  examples based on o u r experience in these fields.

The Coastal Atlas of Belgium ('De Kustatlas )

The Atlas was initiated by the C oo rd ina tion  Cell fo r Coastal M anagem ent ('C oö rd ina tiepun t 
voor G eïntegreerd Beheer van Kustgebieden').

It was a im ed at bring ing an inventory o f the coastal aspects in areas such as:
■ physical environm ent (hydrography, clim ate, tides and waves, etc.)
■ nature
■ tourism
■ industry
■ fishery
■ culture
■ architecture
■ coastal defense and m anagem ent

The Atlas was aim ed at a large public d is tribu tion; in this way a great num ber o f maps, graphics 
and tables should bring the many aspects o f the coastal area to  a c lear overview.

The Atlas synthesizes the results o f many researches and survey activities initiated by coastal and 
m aritim e organ isations, universities, and governm ent institutes.

Initial data fo r this pro ject was provided in d ig ita l (photos, G IS -data, maps, graphics) as well as 
ana logue  (maps, reports, sheets, etc.) fo rm . Some new maps had to  be dig itised and g eo ­
referenced to  com bine  them  with o ther sources. Existing G IS-data needed repro jection to  new 
m ap-pro jections fo r publishing.

The overall layout as well as the 
layout fo r each chapter had to  be 
discussed in deta il. Each coastal field 
needed a specific approach  to  its 
content and characteristics. All maps 
and graphics had to  be 
accom panied  by text tha t was both 
synoptic and techn ica lly accurate.

The Atlas production  was done fu lly 
d ig ita l and w ould  also enable a web- 
version tha t was created afterwards. 
It proved to  be a g reat success to  the 
general pub lic as well as the expert 
readers in these fields.
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M apping of the Schelde Estuary

In 2 0 0 3  the Western Schelde M aritim e  Services (AWZ- Dienst Zeeschelde) needed m onitoring 
the vegetation a long the dikes, em bankments and shoals o f the Schelde River between the city 
o f G ent and the Belgian-Dutch fron tie r; this also included the Rivers Durm e and Rupel .

In o rder to  m on ito r such vast tida l river em bankm ent it was decided to  create orthophotos o f 
infrared aeria l pho tography o f the to ta l river bank at d ifferent tim e intervals. Infrared (IR) photos 
a llow  a much better observation and d iffe ren tia tion  o f vegetation classes than (RGB) co lour 
photos. O rthopho tos  are photom aps tha t a llow  accurate measurements and extraction o f data 
on the images itself. A  norm al (aerial) pho tograph generates a conica l p ro jection o f the image 
area and is only accurate near the photo-centre. 'D ra p in g ' the im age over the terra in  relief (or 
DTM) produces the orthos. Aeria l photographs were taken at a (flight) scale o f 1 /5 0 0 0  and on 
d ifferent tim e intervals (w inter/summ er) to  observe vegetation changes.

Photogram m etric restitution o f the stereo images (60 /30 %  overlap) a llowed the DTM creation. 
The d ig ita l processes needed a lot o f data contro l in o rder to  com ply with qua lity  criteria o f both 
the DTM and the orthos. The orthos were subject to  fu rther rad iom etric corrections in o rder to 
make a hom ogeneous im age representation o f the river.

The result was an IR coverage o f approxim ate ly 1 70km  o f riverbanks with photo-tiles o f l x l  km 
and a ground resolution o f 25cm  per pixel im age. The data was now  used fo r vegetation 
m apping in a G IS-environm ent. Finally the images were com bined into atlases o f the whole 
River Schelde provid ing a practical w orking instrument fo r the governm ent authorities.
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Photo atlas of the Belgian coastline

The Belgian coastline is only 65km  long but it represents a m a jo r econom ic facto r and tourist 
a ttraction. W ith an average o f m ore than 1 7 m illion  tourists per year this small stretch o f 
coastline has created a g reat variety o f beach and recreation activities, hotel accom m oda tion , 
restaurants and shopping areas. In sum m ertim e the beaches top  m ore than 2 4 0 .0 0 0  visitors 
per day!

The Belgian coast a lso generated an im portant real estate market; it varies from  small 
apartm ents and holiday homes to  very wealthy residential areas such as in Knokke-Zoute.
To visualise this im portant coastal a rea, Aquaterra  decided to  create an atlas o f aeria l 
pho tography covering the 65km  o f coastline from  to  beach up to  2km  in land. This area really 
represents the m a jo r coastal residences and activities.

The photographs were taken with one o f the first d ig ita l cameras fo r aeria l photography. The 
high resolution d ig ita l photographs a llowed the production  o f orthophotos with a ground 
resolution o f 2 0cm /p ixe l.

An astonishing bird 's-eye overview o f the entire coastline was created in a page layout 
representing both l x l  km images and corresponding city maps.

The atlas a lso enabled the production  o f a virtual fly-over o f the Belgian coast w ith some 
dedicated com puter software. The great interest fo r this product by both private and local 
authorities as well as the coastal residents proved the necessity o f such pho tograph ic  inventory.

These projects were the result o f synergy in d ifferent fields o f d ig ita l m apping technologies.
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C-POWER NV -  PERSPECTIVES FOR OFFSHORE W IN D  ENERGY

Filip Martens 

C-Power NV
Scheldedijk 3 0 , Haven 1 0 2 5 , 2 0 7 0  Zw ijdrecht, Belgium 
E-m ail: c-pow er@ c-pow er.be

C-Power is the sole fu lly authorised offshore w ind farm  in fron t o f the Belgian coast. C-Power 
obta ined a ll permits required fo r the construction o f this w ind fa rm , being the concession 
perm it, the build ing and environm enta l perm it, the offshore cable perm it, the onshore cable 
perm it and the grid connection permit.

The pro ject consists ou t o f 60  turbines o f 3 .6  up to  5 M W  on the Thornton sandbank, 27km  in 
fron t o f the Belgian coast. W ate r depths are ranging from  12 to  2 4 .5  meters. The permits 
com pel the pro ject to  start w ith a Dem onstration Phase, consisting of: six turbines in water 
depths ranging from  1 5 .5  to  2 2 .5 m .

j ' ;V..Sinkens Brugge

Fig. 1. Location of the C-Power offshore wind energy project.
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Fia. 2. Project planninq.
2006-2007:
Demonstration phase: 6 wind turbines, 1 st windmetmast, 1 st offshore grid connection cable: 
150kV (40km)
2008-2009:
18 wind turbines and the offshore transformer station 
2010:
36 wind turbines, 2nd windmetmast, 2nd offshore grid connection cable: 1 50kV (40km)

All relevant in form ation  abou t the pro ject (including all permits) is ava ilab le  on the website 
w w w .c-pow er.be .
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