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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 redg 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 san db a r a t a b ifu rca tion  so tha t the flo o d  and ebb 
flows 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 ou 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 scou ring  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 sandbar 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 

s i tu ) 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.
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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 vicinity 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 
littora 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 barrier 
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 
discharged 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 
impact.



Fig. 1. S itua tion  du rin g  the Roman tim es. Fig. 2 . Land rec lam ation  from  the 1 1th till the 20 th  
century.

Human influence after 1000 AD

First signs o f hum an 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). However, inundations due to  levee breaching during storm events returned repeatedly 
portions o f land to  the river. From the 1 6th 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 po ldering occurred during the 1 7th century).

Poldering was less intensive during the 19th and 20 th  century because a large percentage of 
salt marshes had been reclaim ed a lready. However, hydraulic works and storms continued to  
reshape the area. In 1867  and 1 87 1 , the tw o rem ain ing links (Kreekrak and Sloe) between the 
Honte (Western Scheldt) and the Eastern Scheldt were cut o ff, m odifying drastically the tida l 
channels network. A  catastrophic storm with extensive inundation , in 1 95 3 , m ade the 
N etherlands decide abou t executing an extensive flood  protection plan 'D e lta '. From historical 
data can be concluded tha t these hum an impacts such as closure o f secondary channels and 
poldering  have strongly influenced the tida l regime o f the Western Scheldt. Stronger tida l 
penetration enlarged the main navigation channel.

Sediment m ining fo r provid ing build ing m aterial 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 sedim ent was m ined per year, on average.

A t the end o f the 19th century, d redg 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 te rrito ry (2M m 3.yr'’ ). From 1920  till 1960  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 
197 0 's , the main part o f dredg ing works on Dutch territory (3 +  lO M m A y r'1). Nonetheless, the 
increased dredg ing in the Dutch part d id  not apparently result in s ign ifican t 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 cond itions was conducted. The im pact o f the deepening by 4 feet is 
m onitored (MOVE program m e), but no s ign ifican t negative im pact was noticed yet.
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Fig. 3. D redg ing  activ ities in the Sche ld t Estuary since 1 8 9 5 .

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 m ain ebb channel. There are 
also many m inor channels, the 'ch u te ' channels, sometimes called '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 1 9 4 8  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



eventually jeopardise the existence o f the m ulti-channel system in that reach. Therefore, from  
1 9 9 7  on , more m ateria l was moved to  disposal 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 o d 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 c la im ed tha t 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 a l., 1 9 9 5 ; W interw erp et a l., 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 more 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 organ 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 pro fit 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 . M o rp h o lo g ic a l evo lu tion  o f the W estern Sche ld t Estuary 1 8 0 0 -2 0 0 0 .



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, 1994) and the Ichilo River, also in Bolivia (Peters, 1998). The 
same philosophy was app lied : understanding the river behaviour and w orking with the river, not 
aga inst nature, using sim ple and cheap methods. In the first case o f the Pirai River, the
trad itiona l way to  protect aga inst flood ing  with high levees and strong bank protections was
replaced by ligh ter 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 tha t 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 
feasib le 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 d redg 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 p ro trud ing groyne and 
the levee on the left bank, it constricts too  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.



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 o rien 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), pro trud ing in the m ain 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 
flo od in g , accessibility and nature preservation: producing a m orpho logy reducing the 
m aintenance dredg ing effort, 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 
d redg 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 suffic ient 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 d isposal 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 
sha llow 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



the local sedim ent transport capacities. This w ill obviously a lso change the sedim entation 
pattern, a lso o f the finest particles moving in suspension in the w ater co lum n. The segregation 
o f sedim ent fractions o f both disposed and natural sediments w ill result in the fo rm ation  o f 
d ifferent substrata, some more silty than o ther, 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 d isposal, m on itoring  closely 
the physical, chem ical and b io log ica l parameters. Surveys w ould  take place before, during and 
a fter the test disposal. However, the rigid conditions fo r the disposal o f dredged materials 
delayed the test fo r several months.

«fr-—'Ebb channel 
- *  Flood channel

Pipeline

Pontoon

Self-discharging hopper dredger

Fig. 5. W a lsoo rden  area. Fig. 6. Schém atisa tion o f d isposal techn ique .

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, 
2 00 1 ) tha t fie ld  measurements and physical and num erical models needed to  be com b ined, as 
each o f these study tools has advantages and lim itations. 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 m odel tests fo r both the flow  and the bed sedim ent m ovem ent and hydrodynam ic 
num erical m odel 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 cond itions (e.g. tida l variations), a m easurem ent cam paign  may only give in form ation  
lim ited to  the prevailing cond itions. M easuring techniques have obviously a lso 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 tida l period and provided on one hand in form ation 
a bou t the in situ flow  cond itions and on the o ther a series o f data tha t were used to  ca lib ra te  
and va lidate  the models. Sediment transport rates were measured during one tida l 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).



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 too  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 sim ulated 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 conditions 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. D isposal experim ent near the tip  o f the p late o f W a lsoo rden  in the physical scale m ode l.



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  or 
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 measurements (background: floats; right top: m ulti-beam ; right bottom: sediment 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



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.
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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  
gain 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
models. C om bin ing  d ifferent tools is the only way to  reduce the uncertainties.



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 flo a t measurements, the results o f the 
num erical sim 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. Deta il o f  the diffuser. Fig. 1 1. Licensed d isposal area (red)
and d isposal test area (white)

Monitoring of the disposal test

To evaluate the success o f the test an extensive m on itoring  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



towards the sandbar o f W alsoorden). Also the eco log ica l parameters 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 (Novem ber 2 00 4 ) until M arch 
2 0 0 5 , weekly surveys were executed in an area around 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 larger zone was measured every tw o months, to  capture possible 
la rger scale influence o f the in situ test. These surveys a llowed vo lum 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 of 
disposed sedim ent should be corrected due to  the differences in density in the hopper and in 
situ. Therefore a correction facto r 0 .9  was app lied  to  the hopper volumes. As can be seen in 
Fig. 1 3 the first survey a fter the execution o f the disposal test shows a sm aller vo lum e measured 
in situ than what was disposed. This small difference (2 5 ,0 0 0  m3) represents the sedim ent losses 
during the disposal o f the sand, where a fraction (finer sands) was transported by the currents.

vT/

Fig. 12. Evolution o f ba thym etry [N o ve m b e r-D e ce m b e r 2 0 0 4  (top); M arch -June  2 0 0 5  (m id); S ep tem be r- 
D ecem ber 2 0 0 5  (down)].
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Fig. 13. Evolution o f m easured volum es.

During the first tw o months the vo lum e w ithin the contro l area was even h igher than a fter 
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%  afte r 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 bedforms 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 .
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Fig. 14. Long itud ina l p ro file  th rough  d isposal area (red =  N ovem ber 2 0 0 4 ; green =  January 2 0 0 5 ; 
ye llow  =  M arch  2 0 0 5 ; b lue =  June 2 0 0 5 ).
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Ecological monitoring

The eco log ica l m onitoring 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 biotopes. The intertida l m on itoring  com prised o f 
several stations on the W alsoorden sandbar where erosion-sedim enta tion , sedim ent 
com position and m acrobenthos was measured. N one o f the results from  this m onitoring 
indicated tha t the in situ d isposal test was responsible fo r a s ign ifican t change in ongo ing  
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. 1 6), tw o contro l areas were chosen: one at the trad itiona l disposal site 
'Schaar van W a a rd e ' (green area), the o ther (red area) where no influence from  disposal 
activities should be expected.
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Fig. 1 5. Remote sensing im age  W a lsoo rden  san db a r Fig. 1 6. S am p ling  stations e co lo g ica l m o n ito rin g
(top: 2 0 0 4 ;  bo ttom : 2 0 0 5 ). p rogram m e.

For the subtidal samples an increase in gra in  size was found fo r the im pact area. This is 
explained by the coarser sedim ent (d50 ~  2 5 0 JL/m) tha t was disposed com pared to  the local 
sedim ent (d50 ~  2 0 0 JL/m) 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 tw o o ther 
contro l areas. It should be noticed tha t 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 marizing: no 
s ign ifican t negative eco log ica l im pact could yet be detected from  the in situ d isposal 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-granula te  (S i02 ) whereto 0 .0 5  w eight percent o f I r 0 2  was 
added in melted state. A fter coo ling  dow n, the m ixture was grinded to  obta in  a gra in  size 
com parab le  to  tha t o f the disposed sediments (~  250jJm). Afterwards a fluorescent coating was



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 . Afterwards the positive 
samples are activated in the labora tory so tha t the concentra tion o f trace r m ateria l can be 
determ ined. A  first tracer experim ent was executed in February 2 0 0 5  w ith 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 tha t the tracer m ateria l was to o  fine and dispersed during a 
storm in the weeks a fter the in jection. A  second cam paign  using v ib ro-co re  sam pling technique 
d id not produce better results. Therefore a new injection 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 gra in  size 
com parab le  to  the deposited sediments. The injection was executed by a d iver, who placed the 
sediments onto  the bottom . A  first sam pling cam pa ign , the day after the in jection, revealed 
some transport o f the tracer m aterial in up-estuary d irection (Fig. 1 7). 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 injection 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 ifican t 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 initia l results confirm  the 
trends from  the bathym etric surveys: the disposed m ateria l tha t is eroded, is transported in the 
up-estuary d irection towards the sandbar.
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Fig. 1 7. T racer concen tra tion  one day afte r Fig. 18. T racer concen tra tion  one m onth after
in jec tion . in jection .

Monitoring of flow  and sediment transport

Sediment transport and flow  velocity were measured during a fu ll 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 
September 2 0 0 4 , a second cam paign  was realized, a lso in three locations: station 2 , the 
proposed disposal area and stations 4 and 5 , both contro l points (places tha t could be 
influenced by the disposal test, one on each side o f the b ifurcation produced by the sandbar). 
These tw o contro l points were also measured during (Decem ber 2 004 ) and after (May 2005) 
the execution o f the disposal test. Velocities were measured using acoustic techniques 
(Aanderaa), while sedim ent transport was measured with the Delft Bottle, on a fram e fo r near



bed transport, suspended on several depths fo r suspension transport. This sedim ent trapp ing  
has the benefit tha t larger 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 00 6 ) show 
no sign ifican t changes in the tw o contro l points. The pattern fo r these tw o locations is d ifferent. 
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 
with 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 recommendations

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



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 d redg 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 d redg 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 build 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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