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CHAPTER

Background

PAET and alternative strategy
By the end of 1999, the Port of A ntw erp called on a team of international experts to provide 
advice on the feasibility of a further deepening of the navigation route in the W esterscheldt, 
independently  from LTV. In their final report, issued a t the start of 2001, the Port of 
A ntw erp Expert Team (PAET) presented their diagnosis, which differed on several points 
w ith the outcom e of the Long Term  Vision. D uring a m eeting w ith  the LTV M orphology 
C luster held in  Delft in June 2000, the PAET challenged the CELL concept and proposed to 
w ork o u t an alternative strategy to the ongoing dum ping  in  flood channels. (The CELL 
concept is explained in C hapter 7.)

The dum ping in  carefully selected shallow areas w ould  help restoring degraded  sandbars. 
The alternative dum ping  strategy proposed by PAET was presented to the Comm ission 
Infrastructure of the Flemish Parliam ent during the discussion on LTV. Flanders H ydraulics 
Laboratory of Borgerhout (FHL) w as requested to use W alsoorden for a pilot study w ith  
scale- and num erical modelling. The PAET w as requested to form ulate its opinion and 

analysis before June 30, 2003. H owever, the report presented to ProSes on Septem ber 16lh, 
2003, does no t yet contain all the expected study results. The studies in FHL are expected to 
be finished end of 2003.

Second opinion
ProSes, the organisation that is responsible for the m aking of the D evelopment p lan of the 
Scheldt Estuary, asked the RIKZ to organise a second opinion. Therefore the RIKZ invited 
different experts on estuarine m orphology to give:

•  A judgem ent on the feasibility of dum ping dredged m aterial on sandbars, as to 
decide w hether further research should be carried out w ithin the research 
program m e of ProSes,

•  An assessm ent of the research report of the PAET to support the proposed strategy,
•  Recomm endations in general and for the proposed disposal pilot experim ent at 

W alsoorden.

The Second Opinion expert team is only asked to give its opinion on the recent PAET study 
and on the alternative strategy for dum ping, bu t this should be seen as part of the proposed 
overall strategy.

The experts received in advance the following documents:
•  PAET main report (January 2001);
• PAET addendum  to the main report (May 2001) w ith m ore detailed presentation of 

the proposed alternative;
•  PAET's study report on the W alsoorden test-site (September 16a' 2003).
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O n Septem ber 24"' 2003, the Port of A ntw erp Expert Team m et w ith  this 'Second Opinion 
Expert Team ' in Vlissingen. On Septem ber 25lh 2003, the 'Second Opinion Expert Team ' 
continued its w ork w ith  RIKZ and ProSes. For the nam es of the participating persons, see 
Annex 1.

n e  workshop day
The day started w ith  an introduction by Bianca Peters on w hat is expected of the Second 
O pinion. Then Jon Coosen of ProSes presented background inform ation on the Long Term 
Vision that was form ulated in 2001, and the targets and plans for the D evelopm ent Plan that 
will succeed the LTV. Successively, Marcel Stive, w ho w as involved in the LTV 
m orphological research, gave an in troduction on the Scheldt Estuary. Jean Jacques Peters, 
head of the PAET, then presented a short sum m ary of w hat had been PAET's advisory 
work. D uring the m eeting, the PAET w as asked for m ore detailed information and 
discussions started on possible effects of the strategy (locally and on the estuary scale), on 
the feasibility of the pilot study and on tools to be used  in further research.

This report
This report sum m arizes the presentations, the inform ation exchange and the lively 
discussion on the 24"1 of September. The draft of this report has been subm itted to all 
participants for comments.

In this report the inform ation exchange and the exchange of opinions and insights is 
separated. After briefly m entioning in w hat w ay Flanders and The N etherlands think to 
develop the Scheldt estuary (subsection 2), first a sum m ary is given of w hat the PAET really 
proposes as a strategy (subsection 0). This is followed by study results so far (subsection 4). 
Then the different facts and insights in the functioning of the estuary are presented 
(respectively subsection 5 and 7). As a result of that, the plans for the pilot experim ent are 
discussed (subsection 8). The report concludes w ith  rem arks during  the round up 
(subsection 9). The com m ent and recom m endations by the Second Opinion Expert Team 
w ere form ulated after 24th September in their so called official letter (An A lternative Strategy 
for D um ping in the Scheldt Estuary - Com m ents of the expert team d.d. October 3'", 2003).
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CHAPTER

Possible future 
developments in the Western 
Scheldt

Jon Coosen presented tha t in the Long Term  Vision it w as decided to pursue three goals 
w hen  developing the W estern Scheldt:

• Safety against flooding;
• Navigable accessibility of the ports;
• A healthy dynam ic ecosystem.

The Strategic Environm ental Im pact Assessm ent and the Societal Cost Benefit A nalysis that 
are being carried out a t th is m om ent, look into the effects of am ong others further deepening 
and  the depoldering of a few adjacent polders.
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CHAPTER

Morphological 
dumping and dredging as proposed
kw pAPT Dy rAc I

The presentation of Jean Jacques Peters and the responses of the PAET team  to explanatory 
questions by the Second O pinion Expert team, are sum m arized hereafter.

Better separation between ebb and flood channels
The PAET expects tha t a better separation betw een ebb and flood channels could be 
obtained if some of the eroded sandbar areas are reshaped. This reshaping can be  done by 
disposing dredged material in som e well chosen shallow w ater areas. This w ould  contribute 
to m aintain the multi-channel system. According to studies carried ou t for the Scheldt Long 
Term Vision, such a m ulti-channel system  is expected to be in favour of all three LTV 
objectives (safety, access and ecology).

Complementary technique
The PAET proposes to use the alternative strategy of dum ping in carefully chosen shallow 
areas as com plem entary to dum ping  in deeper flood channels, no t as a replacem ent. The 
PAET em phasizes that this strategy is treating the effects of unw anted m orphological 

evolutions, not the causes. The causes are (am ong other) related to the hard bordering of the 
estuary.

The present pilot-test study at W alsoorden considers only one option: to dispose dredged 
m aterial. Further studies are required for assessing the need for and feasibility of 
'm orphological dredging ' (which im plies also alternative dredging besides alternative 
dum ping) and adaptation of the hard  bordering and fixed points. One major goal is to 
obtain a shape of the channel and  bar system so that the self-dredging capacity o f the flow 
and the crossing can be increased, by which maintenance dredging could be m inim ised. 
'M orphological dredging ' m ight im ply that dredging of parts of sandbars is necessary, 
instead of just d redging in the navigation channels.

Strategy independent o f changes in navigation conditions
The proposal for an alternative strategy for dum ping does not depend on the decisions for 

deepening or w idening the channel. The strategy is supposed to be a m ore sustainable 
approach than m oving the dredged sedim ent from one part of the estuary to another one, or 
to export it to the sea.
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Three step approach
H aving finished the foregoing research, the PAET suggests a three-step approach for 
researching the alternative dum ping  strategy:

1. a pilot experim ent dum ping  200.000 to (ideally) 500.000 m 3 sand at the W estern tip 
of Walsoorden;

2. reshaping of the W estern tip of W alsoorden w ith  m ore dum ped sedim ent and  
monitoring the effects. (The volum e that can be dum ped  a t the W alsoorden 
sandbar tip  is presently  estim ated at 4 * IO6 m 3 to 5 * IO6 m 3);

3. analysing the past and present m orphological evolutions in  the W estern Scheldt to 
identify other locations w here sim ilar reshaping of tidal flats w ould  be beneficial 
for the goals set ou t in LTV.

The PAET recom m ends a pilot experim ent in w hich 500.000 m3 of sedim ent is dum ped in a 
secondary flood channel a t the W estern tip area of the W alsoorden sandbar. The suggestion 
done by ProSes, w hich w as elaborated by AWZ (The Flemish M inistry of Infrastructure), 
w as to have the experim ent conducted in  the short term, before the end of 2003. As the 
dredgers have already d redged  m ost of the m aterial that w as p lanned for 2003, an 
experim ent in 2003 could only allow for 200.000 m 3. The PAET felt that an experim ent of 
200.000 m 3 w as still useful. H ow ever, now  that the experim ent is p lanned  in spring 2004, the 
am ount of 500.000 m 3 m ight be possible. This increases the chances of success for the 
experiment, w ith a significant im pact on the flow field.

Reg Parker explained that the research questions of the experim ent at W alsoorden are:
1. W hat will be the directions and rates of sedim ent transport?
2. W hat will be the changes in hydrodynam ics due to a reshaped tip of W alsoorden

sandbar?

3. Can w e achieve a change in the m orphology of the sandbar?
4. Can w e get finer m aterial at higher altitudes, in the intertidal flats and on the

sandbar?
5. C an w e m onitor sufficiently w ell the experiment?

If the experim ent is successful, the next step is to dum p possibly (but no t necessarily) up to 4 
* IO6 m3 to 5 * IO6 m 3, w hich is the expected m axim um  storage capacity a t the W estern tip of 
the W alsoorden sandbar. Jean Jacques Peters thinks that repetitive deposition is better than 
dum ping all at once. If the experim ent w ith the 200.000 or 500.000 m3 fails, because the 
deposited material im m ediately d isappears from the dum ping  area, this m ight m ean that 
the experim ent should have been carried ou t w ith m ore sediment. It does not necessarily 
m ean that the proposed strategy is no t viable.
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Study results so far

As for now, the Flanders H ydraulic Laboratory has carried ou t hydrodynam ic simulations 
w ith a physical scale m odel and w ith SIMONA & Delft 3 D (2D and 3D). M oreover, satellite 

tracked drogue m easurem ents of flow tracks have been carried out in the field. A t three 
locations stationary sedim ent transport m easurem ents w ere done w ith (am ong others) the 
Delft Bottle A test. M ultibeam m easurem ents have also been carried ou t to determ ine the 

bathym etry and m icrotopography. A t the mom ent, in the physical scale m odel sedim ent 
transport simulations w ith a fixed bed are being carried out. (The Flemish M inistry of 
Infrastructure financed all field m easurem ents perform ed in 2003.)

Hydrodynamic numerical simulations not ye t fully analysed
In the hydrodynam ic num erical simulations, the sim ulated flow velocity fields w ere 
different as com pared to the m easurem ents in certain periods of the tidal cycle in  some 
areas. The PAET explained that there w as not yet enough time for detailed analysis of these 
differences. Jean Cunge w as already suspicious just from the num erical results, because he 
had  noticed that som e flow fields in  the num erical m odel follow grid lines. Jean Cunge 
explains that the problem  w ith the num erical m odels used is that the scale at w hich depths 
are varying is very small for the type of models used. In particular, num erical m odels have 
problem s w ith locations like the intertidal areas, which sometimes are dry and som etim es 
are wet. Jean Cunge had  the im pression that in the m iddle of the channels the velocities 
w ere reliable. PAET believes that the m odel is sufficiently accurate, because the inaccuracy 
of the m odel is during  slack and then there is hardly  any sedim ent transport.

Hydrodynamic physical scale mode! simulations finalized
The hydrodynam ic simulations w ith the physical scale m odel w ere finalized and  reported to 
ProSes in June 2003. The physical scale m odel represents the situation in 1990 and  is 

d istorted 1:4, w hich m eans that the ratio betw een depth and w idth is 4 times as large as in 
reality. Luc H am m  added  that the use of such a rate of distortion is common practice in 
France.

No numerical simulations o f sediment transport
There are no num erical sim ulations planned for sedim ent transport in the near future, 
mainly because Flanders H ydraulics Laboratory has not yet set up the software and  related 
models. The PAET, in  particular Jean Cunge, has low expectations of such sim ulations 
because of the uncertainties concerning the form ulas that describe the sedim ent movem ents 
and exchanges betw een bed, bedload and suspended load. Marcel Stive does no t share that 
opinion and says that now adays num erical m odels can at least help to define maxim um s.

Sediment transport simulations with the physical mode!
The scale m odel tests about the dum ping of sedim ent in the selected areas have just started 
and are expected to be com pleted at the 31st of October of 2003.
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Satellite tracked drogue measurements gave insight in flow tracks
Co van der Kreeke m entioned that he  w as enthusiastic about the float tracking results.

In situ sediment transport measurements not y e t sufficient
The sedim ent transport m easurem ents that w ere carried ou t in 3 positions during one 
spring tidal cycle, are no t yet sufficient to make a Shields p lo t of the potential mobility of the 
sedim ent in the vicinity of the disposal test site. The field survey program m e by PAET was 
considering m easurem ents in  12 positions in  total, b u t it is not yet sure if the other 
m easurem ents w ill be carried out. Co van der Kreeke said the Delft bottle m easurem ents 
seem ed very useful.

Multibeam survey practicable during pilotstudy
The PAET concluded from  the M ultibeam  bathym etric test-survey that the on-line 
m onitoring of bathym etry in  the dum ping area during and  after disposal test is practicable 
(short, m edium  and long-term).

11 0 SOWfit Ï W i f l l S M / t j O  ! iirtrlg



W o r k s h o p  r e p o r t  A l te rn a t iv e  D u m p in g  S tr a te g y  f o r  t h e  S c h e ld t  E stuary l

C H A P T E R  j m m

Morphological system; 
facts and historical developments

Bart K om m an, Bianca Peters, Jean Jacques Peters, Marcel Stive and Youri M eersschaut 
supplied answ ers on questions regarding the Scheldt morphological system.

Facts and figures
The facts and figures below w ere m entioned in the w orkshop (relying on the MOVE-report, 
RIKZ, 2003, the Scheldt-atias, morfologische ontwikkeling Westerschelde 1931-2000, RIKZ, 2001).

Scheldt estuary
• M aintenance dredging in  the Scheldt is on average in the order of m agnitude of 11 

million m V year over the last few years.
•  There is still m ining for commercial purposes of about 2.5 m illion/year. M ining 

rem oves sedim ent w ith particle sizes in  the order of 200-300 m icrons (D50-D90).
•  The difference in tidal range in  Vlissingen w ithin 18.6-year cycle is 10 to 15 cm.

Walsoorden
•  The order of m agnitude of the dredging nearby W alsoorden is 0,5 - 2 million 

m 3/year.

• The tip of W alsoorden is eroding since long (more than 60 years).
• According to the studies for the CELL-concept, the gross sedim ent transport 

capacity is about 10 million m V year (16 megaton) in  the cell of which W alsoorden 
is a part (N.B. this w as m entioned during the w orkshop, bu t Figure 2 show s a small 
CELL of 6 million m3/y e a r  and a bigger cell of 21 million m 3 /y e a r near 
W alsoorden).

• Based on the desired shape of the sandbar, there could be a capacity to store 4 to 
4.5 million m 3 of sedim ent at W alsoorden.

Sediment to be dumped
•  The grain sizes of the sedim ent that is disposed: D50 180-200 microns.
•  The am ount of silt smaller than 63 m icrons is less than 2 or 3% of the total am ount.

The history
As show n in Figure 1, the intertidal area was halved betw een 1650 and 1968. The last 
polderings w ere done quite recently, in 1968. Poldering reduced the lateral storage of 
floodwater, which induced a deepening of the m ain channels.

The estuary extends further and further into the sea. The m outh area has becom e an integral 
part of the estuary. These changes at the seaside are very im portant and are considerably 
influenced by the Delta works.

iior.ciïiBiji's-ivmonssojoai.iixig A R C A U I S  1 0



W o r k s h o p  r e p o r t  A l te rn a t iv e  D u m p in g  S tr a te g y  f o r  t h e  S c h e ld t  E s tu a ry

Q99t$t8ähäi(te

VftfdrervfeGft Land 
vät» SüeítlnyN*

btftWWi

Figure 1 Changes in intertidal area (Van der Spek, 1994, presentation of
Marcel Stive)

In 1997 the navigation channel w as w idened and deepened allowing ships w ith a dep th  of 
38 feet to enter and exit independent of the tide, 48 feet ships to enter in  one tide and 43 feet- 
ships to exit in one tide. The previous and first time that the Scheldt w as deepened and 
w idened w as betw een 1967 and 1978.

M orphological changes have always existed, bu t capital and m aintenance dredging only 
became significant after 1972. The "Overloop of H answ eert" has eroded naturally  a t the end 
of the sixties and thus becam e the shipping route (Map n r  9 in  PAET, 2001a Im proving 
navigation conditions in  the W estern Scheldt and m anaging its estuarine environm ent - 
H ow to harm onize accessibility, safetyness and naturalness). All areas in  the W estern 
Scheldt have been changing and are still doing so. The high Plate De Bol near Terneuzen did 
no t exist in 1938 and is, according to PAET, likely the result of a m orphological process 
similar to the one in W alsoorden.

As from 1997 the m aterial dredged in the eastern part of the W estern Scheldt is no t anym ore 
dum ped  in a flood channel close to the location w ere it w as dredged. Increasing volum es of 
dum ping in the eastern part w ere observed to lead to the degeneration of channels, to a 
dim inishing of dynam ical processes and to a decrease of areas that are im portant for 
ecology. D redged material is now being dum ped  in  the m iddle and w estern part of the 
estuary, not to w ithdraw  sedim ent from the estuary.

The m aintenance dredging d id  no t increase due to deepening of the navigation channels in 

1997. The RIKZ suggested that this m ight have to do w ith the fact that a maxim um  sedim ent 
transport capacity is reached. Jean Jacques Peters added  that former deposit sites are now  
opening up. The w idening, how ever, increased maintenance dredging.

Earlier studies have stated that until a few years ago there w as net im port of material from 
the sea. M ining was allowed as m uch as there was net im port. The effects of the deepening 
of 1997/1998 have been closely m onitored in the project nam ed MOVE. The recent studies 
state that, since a few years, there is a net export of sedim ent of about 2 million m Vyear.
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This supposed change from net im port to net export w as said to have started already before 
the deepening in  1997. The RIKZ said that this m ight have to do w ith the changed dum ping 
strategy of bringing m aterial m ore w estw ards (closer to the N orth  Sea).

W hen the role of hard  bordering w as discussed, Bart K om m an m entioned that there is a 

num erical sim ulation of the area near W alsoorden in  w hich a longitudinal w all (an artificial 
bank) w as considered along the crossing. H e m entioned that the study, carried ou t some 5 
years ago, w as giving negative effects for the navigation depth. K om m an w ould supply 
PAET w ith  the study  report.
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CHAPTER

Definitions

To agree on w orking definitions, PAET presented four questions w ith answ ers (for answ ers
see Annex 2):

1. H ow w ould  you define the river m orphology and its dynam ic behavior?
2. W hat do you understand  by autonom ous (morphological) developm ent?
3. Do you consider an "autonom ous" developm ent is influenced by the riverbanks 

and w hich elem ents w ould  you considered? Do you think these elem ents are taken 
care of in the presently available models?

4. W hat are your views on the im portance of the river's geotechnical characteristics 
(geology of banks and riverbed) for studies about the m orphological developm ent 
of a river?

These definitions w ere shortly com m ented. The experts agreed that the first tw o definitions 
could be used as a w orking base, except that there w ere som e com m ents on the use of the 
term  'river m orphology' instead of 'estuarine m orphology'. In reaction on the third and 
fourth definition the experts agreed that all available research m ethods (field experiments, 
num erical models and physical m odels and empirical models) have their lim itations and 
advantages and can best be used in  a com plem entary way. The influence of riverbanks and 
hard  bordering of riverbed is indeed no t well understood, bu t no t neglected.
In the answ er to the third question it w as m entioned that the zero state is w hat happens if 
w e do nothing. This w as changed into Zero State is w hat happens if business is as usual, 
m eaning in this case that dredging continues as according to the present strategy.
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CHAPTER

nsights and
conceptual models

Keith Dyer stressed tha t w hen trying to achieve the LTV-targets, it is better to w ork w ith 
natu re  than against it. Everybody agreed. However, the insights of how the m orphology of 
the Scheldt estuary functions and w hat is most im portant in this functioning differed 
(slightly) from expert to expert. In this subsection the insights expressed during  the 
w orkshop are presented.

PAET d id  no t present an explicit conceptual m odel of the ongoing changes in  the estuary, 
and the changes anticipated in the future. Keith Dyer m entioned; only after we know  how 
nature w ants to develop, can w e find out how to combine it w ith the LTV targets.

CELL concept
According to the LTV studies a multi-channel system is vital in the Scheldt estuary. This 
means a separation betw een ebb and flood channels. The researchers of the LTV study, 
am ong which Marcel Stive, developed the CELL-concept. The CELL-concept states that 
large am ounts of sedim ent transport are taking place w ithin geographically defined cells 
(see Figure 2). The exchange of sedim ent betw een cells is only 5 to 10% of that w ithin cells. 
The am ount of sedim ent that can be dum ped in  a cell each year, is also 5 to 10% of the total 
am ount of sedim ent being transported  w ithin the cell (Wang, 1996). This will then replace 

the internal relocation of material. This percentage is based on dum ping in the channel, bu t 
m ight be different w hen dum ping  in shallow areas to rebuild an eroded sandbar.

M arcel Stive asked Jean Jacques Peters if he expected the CELL concept still to be valid 
w hen dredging w ould be stopped. Jean Jacques Peters said that stopping dredging w ould 
decrease the sedim ent transport by current, bu t w ould no t reduce it to zero. Marcel Stive 
shared this opinion. Jean Jacques Peters said that he agreed w ith  the idea that dum ping  too 
m uch sedim ent in a flood channel may induce the decay of this channel, bu t that does not 
m ean that he thinks the CELL concept is valid.

Co van der Kreeke said that, supposing the CELL concept was right, the PAET strategy 

w ould enlarge the dum ping  capacity. By forcing the flood flow to go through the Schaar van 
W aarde and the ebb flow to come back through the Schaar van Valkenisse, m ore sedim ent 
transport w ould be circulating in the same cell. Thus the gross sedim ent transport becomes 
bigger and therefore the 5 to 10% dum ping capacity per year becomes bigger.
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Jean Cunge explicitly m entioned tha t he does not believe in the CELL-concept and does no t 
believe the analysis that allows for a w ell defined lim it of 5 to 10% of the gross sedim ent 
transport to be dum ped  in a channel, above which the stability of the cell w ould  be in 

danger.

(For further explanation of the CELL concept is referred to the paper distributed at the 
w orkshop: "A new  morphological schém atisation of the W estern Scheldt Estuary, The 
N etherlands" by  J.C. W interterp, Z.B. W ang, M J.F. Stive, A. A rends, C. Jeuken, C. K uijper & 

P.M.C. Thoolen published in  2001 in Proceedings of the 2 nd  IAHR sym posium  on River, 
Coastal and Estuarine M orphodynam ics.)

24 mil] ton#r

bruto transporten  m e s s e n  m acrocellen, yfëSB bodem

Figure 2 CELLs with annotated their gross sedim ent transport
(presentation of Marcel Stive)

Exponential decay o f cross-sectional area along longitudinal axis
Luc H am m  explained that in natural alluvial estuaries there is an exponential decay of the 
cross-sectional area as a function of the distance along the longitudinal axis from the m outh  
of the estuary, O utliers in this relationship are m ost often no t sustainable. H am m  said  that 
for both dredging and dum ping  it is recom m endable to attem pt to get the new  cross- 
sectional areas (better) fit the exponential decay relationship.

Reclamation o f tidal fíats gives shallow channels before new equilibrium
D ronkers (1998) w ork, presented by M arcel Stive, claims that the reclamation of intertidal 
areas w ill first give shallow channels and then lead to a new  equilibrium  situation w ith  

again deep channels. Figure 3 illustrates the principle of Dronkers. Marcel Stive concluded 
that the challenge is to force the system into this next equilibrium stage; less intertidal area 
and deeper channels.
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Figure 3 Dronker's model: Different stages of the morphodynamic
response to tidal flat reclamation (presentation of Marcel Stive)

Meandering or not meandering?
Jean Jacques Peters claimed that the Scheldt estuary is no t a naturally  m eandering estuary. It 
was no t formed by the sea rise invading a river, ra ther by a river searching its w ay through 
a lagoon in  which the sea had created channels during storms. The original estuary was 
upriver of A ntw erp, later on through the Eastern Scheldt.

M arcel Stive, however, show ed Van Veen's conceptual m odel of m eandering ebb channels 
and flood channel branches parallel to the main direction, even if the borders are 
constrained (1950). H e show ed num erical m odels of a v irtual sim ple estuary, w here a small 
perturbation had exactly reproduced Van Veen's m odel of m eandering ebb channels 
(Hibma, 2000). See Figure 4.
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Figure 4 Conceptual model of Van Veen (1950) and numerical model of Hibma 
(2000); meandering within constrained borders (presentation Marcel Stive)
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Important influence o f fixed borders
Jean Jacques Peters pointed  out that the hard  bordering of the W esterschelde w as created by 
building levees for poldering w ith  discontinuities in  alignm ent. H e said that it is im portan t 
to  consider and further investigate the relationship betw een fixed points and the channels. 
The need for such investigation w as confirm ed by m any of the participants.

Channel switching is natural
Keith Dyer m entioned that channel sw itching is a com m on phenom enon in an unrestrained 
system. D yer w as therefore no t surprised  that the bank of Baarland m oved dow nstream  to 
the w est, m aking the "Overloop van H answ eert" the new  navigation channel. The bank of 
Baarland m ight finally get attached to the right bank. This principle of bank m ovem ent 
needs to be applied to the W alsoorden bank  in  o rder to anticipate future natural trends.

Jean Jacques Peters m entioned that the cause of this evolution is likely in the m orphological 

changes in  the adjoining parts (chain reaction) and  that a similar evolution as near 
H answ eert can happen in  the area near Valkenisse; Schaar van Valkenisse can becom e the 
shipping route. H e also m entioned that the flood channel Schaar van W aarde is already 
taking m ore ebb flow now.

Jean Jacques Peters added  that he thinks shifts of channels are needed to create a large 
variety of ecotopes. In his opinion, it w as w rong to protect the banks of slikken, as the bank 
protection produces m ore turbulence, keeping m ore sand in suspension and then depositing 
it on the flats, instead of finer m aterial only.

Larger tidal volume gives more channels
Marcel Stive m entioned in  his presentation that w ith a larger tidal volum e a natural alluvial 
estuary generally tends to more channels. See Figure 5 w ith 1 ,2  and 3 channels.

100

40

A » 40x10 V (±10%)

2000
(i06m5)

500«300

Figure 5 Relation between tidal volume, cross-sectional area and number of 
channels (presentation of Marcel Stive)
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CHAPTER

The pilot study

Way o f dumping
Jean Jacques Peters explained that in  the pilot study  the dum ping w ould go on continuously 
during ebb and flood, as hopper dredges cannot w ait and have to deliver their load before 
returning to the d redging site. The field and m odel studies show ed that the ebb velocities at 
the dum ping site are extremely low. At the initiation of flood they are also low. Only at the 
end of the flood they are higher than the threshold for initiating bedload.

Jean Berlamont rem arked that he expected it to  make a difference if you dum p a t ebb or 
flood. Reg Parker supported continuous dum ping in  this pilot experiment, as it gave the 

opportunity  to m onitor how  sensitive stability of the dum ped  m aterial was to the time of 
dum ping.

There w as general agreem ent that ecologists w ill have to be asked how much they think 
there can be dum ped  in  shallow areas a t once w ithout dam aging the environm ent on the 
long term. Ecologists probably have a w ish on the thickness of the dum ped layer that the 
system can take in  a certain am ount of time. Jean Jacques Peters added  that the question to 
the ecologists should no t just restrict to "how m uch can you dum p in this particular place in 
this am ount of time?", because the ecologists should also consider that it is m aybe better to 
dum p som ew hat more, for the benefits of the w hole ecosystem if larger areas of different 
ecotopes can be created.

The Second O pinion Expert team agreed w ith the PAET that 200.000 m3 is not m uch for 
achieving the expected result in an experim ent like this and that 500.000 m3 w ould  probably 
be more appropriate. The risk of dum ping 200.000 m3 is that changes are too little to 
m onitor, because part of the m aterial will not stay deposited anyw ay. Jean Jacques Peters 
added  that the risk that the m aterial does not stay should no t be overestim ated, because the 
dum ping will take place at places w here m easurem ents show that velocities are very small. 

Marcel Stive intuitively also thinks that the sedim ent w on 't disappear so easily.

Also there w as a discussion about w hat w ould be the m axim um  am ount that can be 
dum ped. Marcel Stive suggested using the CELL-concept for this (10%). H ow ever, all 
experts agreed that dum ping large am ounts could no t be done w ithout risks, The question is 
how far we can go: not dum ping  too little (no effect, no change in flow field) and  not 
dum ping too m uch (risk of deterioration). Therefore a step-by-step approach d u ring  the 
experim ental dum ping is necessary.
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Bianca Peters m entioned that there is also dum ping taking place at the Schaar van W aarde. 
It should be arranged that this dum ping  does not take place during the pilot experim ent at 
W alsoorden. Jean Jacques Peters said tha t coordination is no t a problem , as this w as already 

done during  sedim ent m easurem ents in the field.

Way o f monitoring
There w ere different opinions on the m inim um  requirem ents for the time that intensive 

m onitoring should continue. Parker and Dyer m entioned that they w ould  at least w an t to 
m onitor intensively du ring  a spring- neap- spring cycle. Berlamont m entioned that he  did 
n o t consider the neap so im portant and rather w ould  have as m inim um  requirem ent an 
average tide and a spring tide. Parker stressed that in an  ideal situation it was im portan t to 
also m onitor seasonal differences, particularly the sustainability of the changes in  the flats 
from w inter to spring.

Also there w as som e discussion on the spatial area to m onitor. A suggestion w as to look at 
the maxim um  length a w ater particle could travel during one tidal cycle.

PAET proposed to use m ultibeam , LIDAR and sedim ent transport surveys to  m onitor the 
pilot disposal test. The Second O pinion Expert team  suggested the following m onitoring, in 
order of decreasing priority:

• G lauconite tracing  tracked w ith  M edusa, to see sedim ent transport paths;
• M ulti-beam  m easurem ents at high water, to m onitor bathym etry (accuracy 10 to 20 

cm according to Jean Jacques Peters);

• LIDAR m easurem ents for accurate terrestrial surveys, com plem entary to  the 
M ultibeam  bathym etric surveys, especially useful for the intertidal areas. There w as a 
discussion on the usefulness of LIDAR. Everyone agreed that LIDAR should be 
accom panied by proper ground truth m easurem ents, as should all rem ote 
m easurem ents.

• Wave action. The influence of w aves on the survey results w as discussed. It w as 
m entioned that w ave action caused by passing vessels might be stronger than  w hat is 
caused by the w ind. Jean Jacques Peters suggested that the ship records from the Port 
of A ntw erp could be used to identify possible im pacts and also annotating during  the 
experim ent w hen a ship is passing will already give an indication of w ave action.

• Extent o f  the w ater lin e  at d ifferent stages.

The above list of monitoring does no t include the m onitoring of the conditions before the 
experim ent starts. All participants consider this very im portant.

Co van der Kreeke stressed that the experim ent and the accom panying m odelling does not 
need to answ er the question w hy the m orphology of the area is as it is. The question at the 
centre of the experim ent is if enough m aterial stays w here you dum p it  and if it affects the 
hydrodynam ics as w ished. Co van de  Kreeke reckoned that m onitoring and m odelling can 
be modest.

As for the changes in  hydrodynam ics as a result of changes in  m orphology, it w as suggested 
that putting  the changed bed form into a hydrodynam ic num erical m odel is sufficient for 
that purpose. Co van der Kreeke w ondered if this w ould  give good results, given the 
existing differences betw een num erical m odel results and the flow m easurem ents in  the 
field.
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Keith Dyer added  that it is not sufficient to rely on surface flows, as this will give some 
{possibly up to 20 degrees) difference in direction w ith  the subsurface flows. Van der Kreeke 
m entioned that, if financial resources allow it, the Ocean Surface C urren t Radar is very 
useful.

Keith Dyer said that for m odelling it is useful to m easure bed shear stress instead of only 
velocities. This can be done by also m easuring turbulence and bedforms.

What conclusions can you draw from such an experiment?
Luc H am m  said that the experim ent w ith a lim ited volum e for dum ping (200.000 m3) w ould 
only tell about the possibilities of how  to keep the sand there, no t on the im pact of the 
reshaping of sandbars for the estuary.

Dyer m entioned that if the pilot study and the initial dum ping  a t the location of W alsoorden 
are successful, it w ould still be difficult to extrapolate the results to the im plications of 

reshaping other sandbars. Co van der Kreeke added  that if all the m aterial has gone within 2 
days, you know you have to dum p far m ore to get it staying.

As for grain size distribution, Co van der Kreeke thought the experim ent show s the short
term impacts, bu t no t the long-term  impacts. Parker added  that biological activity w ould 
also influence if smaller particle sizes w ere getting to h igher altitudes.

A ccording to Keith Dyer, the role of m odelling is that m odels give an additional verification 
of conclusions draw n from measurem ents. Jean Berlamont said that modelling is necessary 
for extrapolating to other sites.

Stevens said that no answ er to the feasibility question is obtained w ith only one experiment, 
More experiments are needed. The pilot experim ent will only give an answ er about the 
technical feasibility.
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CHAPTER

Round up

D uring the round  up , it w as agreed that there are still a lot of uncertainties on how  th e  local 
system in the surroundings behaves, and  even m ore on how the estuary behaves. The 
conclusion w as that the experim ent needed to be conducted w ith  care an d  needed to be 
p roperly  monitored.

The role of m onitoring and modelling caused a lot of discussion during the w orkshop, bu t 
all participants agreed that m onitoring, field studies and  modelling should go hand  in hand. 
It w as em phasized that also other conceptual m odels than  the CELL concept are necessary 
(see C hapter 7).

As a point of attention, the m eeting stressed that a  lot of factors influence the stability of the 
estuary apart from the location w ere sedim ent is dum ped. The reopening of a po lder will 
certainly affect the m orphology.

Jean Jacques Peters thanked the Second Opinion Expert Team for their valuable advice and 
the open discussion. H e and the other m em bers of PAET agreed w ith the comm ent m ade by 
m em bers of the Second Opinion Expert Team that this m eeting w ould preferably have taken 
place two years ago, or in a couple of m onths, w hen the results of the num erical and 
physical m odels are properly analysed.

A fter the round  up, the m eeting of the Second O pinion Expert Team w ith PAET w as closed 
and the Second Opinion Expert Team started preparing  its com m ents after PAET had  left.
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ANNEX 1 Participants of workshop

PAET = Port of A ntw erp Expert Team 
ET = Second Opinion Expert Team
RIKZ = N ational Institute for Coastal and M arine M anagem ent 
ProSes = Scheldt Estuary Development Project 
FHL = Flanders H ydraulics Laboratory (Borgerhout)
ARCADIS = consultancy com pany w hich facilitates this m eeting

Participants 24lh of September:
1. H arm  Albert Zanting (ARCADIS, chairman)
2. M arieke de Groen (ARCADIS, secretary)
3. M arieke van N ood (ProSes)
4. Jon Coosen (ProSes, only morning)
5. Bianca Peters (RIKZ)
6. Bart K ornm an (RIKZ, only morning)
7. Marcel Stive (ET)
8. Keith Dyer (ET)

9. Jean Berlamont (ET)
10. Co van de Kreeke (ET)
11. Luc H am m  (ET)
12. Jean Jacques Peters (PAET)

13. Jean Cunge (PAET)
14. Reg Parker (PAET)
15. Mike Stevens (PAET)
16. Yves Plancke (Antwerp Port Authority)
17. Youri M eersschaut (FHL)
18. Kristof Vereist (FHL)

Participants 25th of September:

1. H arm  Albert Zanting (ARCADIS, chairman)
2. M arieke de Groen (ARCADIS, secretary)
3. M arcel Stive (ET)
4. Keith Dyer (ET)

5. Co van de Kreeke (ET)
6. Luc H am m  (ET)
7. M arieke van Nood (ProSes)
8. Bianca Peters (RIKZ)
Jean Berlamont could no t participate 25th of Septem ber
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Working definitions o f PAET

G iven the complexity and  difficulty of the problem  the Port of A ntw erp Expert Team 
(PAET) suggested that the Second O pinion expert team  com m ented on the PAET definitions 
of the following terms, see subsection 6.

1. Q: How  w ould  you define the river m orphology  and  its dynam ic behaviour?

PAET: A river's m orphology has to be seen as the 3-dim ensional geom etry of the river, 
including all bed features (e.g. bedform s and other). It is the result of m any processes, 
w hich relate to the following sciences: hydrology, hydraulics, sedim ent transport, 
geology, geography, geotechnics, biology and ecology (fauna and flora). The studies of 
the m orphodynam ical behaviour of a river m ust be based no t only on hydraulics and 
sedim ent transport theories; they m ust also take into account the other sciences 
m entioned above.

2. Q: W hat do you understand  by autonom ous (m orphological) developm ent?

PAET: The autonom ous morphological developm ent of a river is how a river system 
changes naturally  in absence of any disturbance induced by hum an actions. It is the 
result of a series of processes am ong w hich hydraulics and sedim ent transport are only 
part. Difficult to predict because small influences m ay have strong effect (it is m erely a 
stochastic process rather than  a determ inistic one. O ne cause (event) m ay have different 
possible outcomes. It is a b it a theoretical definition because there always w ill be 
hum ane perturbation, w hich effects can last for very long. But the definition is useful 
because it is analogous to "zero state" in Environm ental Im pact studies, as reference: 
w hat happens if we do nothing.

3. Q: D o you  consider an "au tonom ous" developm ent is in fluenced  by the riverbanks 
and  w hich elem ents w ould  you considered? Do you th ink  these elem ents are taken  
care of in  the p resen tly  available m odels?

PAET: Yes, riverbanks and "hard" bordering of the riverbed play a major role on the 
developm ent of channels and bars or islands. The exact nature of these im pacts is no t yet 
w ell-understood and neglected in  studies and m odelling about river behaviour. In 
num erical m odelling some attem pts are m ade to sim ulate the phenom enon, especially 

including bank erosion, bu t it is still at research level.
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4. Q: W hat are you r view s on the im portance of the river's  geotechnical characteristics 
(geology of banks and riverbed) fo r s tud ies about the m orphological developm ent of 
a river?

PAET: The geotechnical characteristics of riverbed and  -banks have a m ajor influence on 
the autonom ous developm ent. Even small changes in  bed m aterial characteristics may 
have significant influence on the rate of bank erosion and  the disturbed bank shape 
therefore m ay influence the guidance of the flow. These elem ents are n o t w ell taken into 
consideration in the models.



ANNEX 3

Workshop report Alternative Dumping Strategy for th e  Scheldt Estuary!

Powerpoint presentation by PAET
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Alternative strategy to dispose 
the materia] dredged i n  the

Background

Westerschelde • Proposal w as form ulated  during preparation  
o f  LTV and included in  P roSes p rogram m e

Pilot study Walsoorden (fo r the E nvironm ental Im pact A ssessm ent) 
• The alternative is valid for any chosen

R eport by an expert team  appointed navigation channel depth

by the Port o f  A ntw erp to  assist ■ The strategy aim s at satisfy ing  part o f  the
Flanders H ydrau lics Laboratory LTV  objectives: m aintain ing the m u lti '

(FH L ) and RTKZ in the P roS es study channel system , satisfy ing  navigation,
environm ental and safety requirem ents

Study methodology and tools Status study on 24/09/2003

* C om bined use o f * H ydrodynam ic sim ulations in scale m odel
r models (reduced scale - & numerical models) finalized; sedim ent transport, (fixed bed) ju s t
r field investigations started and com pletion expected  31/10/2003
Vexpertise within die team 
r pilot disposal-test 

* M odelling done in FHL 
r  scale model (situation 1990) 
v'SI MON A & 3>e1fl3D (2D and 3D)

* H ydrodynam ic m odelling  still ongoing; no 
sedim ent transport sim ulation foreseen

* Field surveys: float tracks + lim ited (for 3 
out o f th e  12 proposed positions) sedim ent 
transport surveys com pleted





Outcome studies on 24/09/2003

* D ifferences in ve locity  fields have been 
observed betw een  m odels (scale and 
num erical) and field; they w ill be evaluated

• M odel velocity  patterns in com bination  w ith 
field observations give enough  evidence 
about the hydrodynam ic behaviour in the 
proposed dum ping zone, especially  during 
periods w ith suffic ien t sed im en t transport

Outcome studies on 24/09/2003

• Field m easurem ent data  confirm  expected 
sedim ent transport pattern  in the dum ping 
area and th e  practicability  o f  sedim ent 
transport m onitoring during pilot-test

* M ultibeam  bathym etric  test-survey confirm  
the practicability  o f  on-line m onitoring  o f  
bathym etry in the dum ping  a rea  during and 
after disposal test (short, m edium  and long
term)

Implementation

* ProSes agrees im plem enting  a disposal pilot- 
tes t (200 000 nr1), p lanned in spring 2004

* D redging contractors confirm  the availability 
o f  the technology for a  local and controlled 
d isposal o f  sedim ent

* M onitoring is an absolute requirem ent during 
and after the d isposal p ilo t-test (m ultibeam , 
L1DAR and sed im ent transport surveys)

Conclusions

* C om bining all 3 tools (m odels and field) is 
needed for assessing the technical feasib ility

* PA ET  considers having now  enough 
ev idence about the p racticability  o f  the 
alternative disposal strategy

* A p ilo t-test w ill give inform ation to  assess 
m orphological dredging  as a m anagem ent 
tool for the W esterschelde





W orkshop rep o rt A lternative D umping S trategy fo r the  S che ld t Estuaryl

ANNEX 4 ‘Official letter ’
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An Alternative Strategy for Dumping in the Scheldt Estuary - Comments of the expert team.

1 Introduction

The PROSES Bureau asked RIK Z to organise a workshop with a team o f international experts (ET) to express a 
second opinion on a  draft report prepared by the Port o f Antwerp Expert Team  (PA ET), w hich addressed the 
feasibility o f an alternative dum ping strategy (REF 1). This strategy has been elaborated for a  specific location, 
the Plaat van W alsoorden, but it is suggested that it may well apply to other locations. The ET has had the 
opportunity to  discuss the draft report and associated reports and to exchange views with the PA ET. The 
definition of morphology was discussed in the Second O pinion meeting and no essential disagreem ent occurred 
(see report o f workshop: ARCADIS, 2003). This docum ent expresses the opinion o f  ET on the alternative 
dumping strategy in general, on studies carried out for the P laat van W alsoorden to assess the appropriateness of 
this location and on a proposed pilot experiment. Suggestions are given to further investigate the feasibility o f  
the alternative dum ping strategy.

2 Broader perspective

2.1 Long Term Vision (LTV) Project
Preceding the present PROSES Project a jo in t F landers-N etherlands project, the LTV  Project, was conducted, in 
which an agreed view  on the preferred functioning o f  the system  was developed. W ithin the three policy 
requirements:

safety against flooding, 
navigable access to the harbours, 
and naturalness,

the perceived functioning was described as that o f ‘a dynam ic, multiple channel estuary’. I t w as acknow ledged 
that the present dynam ic state is strongly impacted by a range of historic and present human interventions such 
as land reclamation, defence and training works, channel deepening, and sand mining. It was emphasised that 
any further interventions should not endanger the preservation o f the existing, although constrained, dynamic 
(natural) evolution o f  the multiple channel estuary. In order to make the concept o f a  multiple channel estuary 
more clear the so-nam ed cell-concept was introduced, in which the channels were ordered in macro- and meso- 
m ultiple-channel cell systems, with gross and net sediment transport estim ates (REF 2, REF3). Theoretically, an 
estim ate was derived of the m axim um  capacity o f adjacent channels to receive volum es o f dredged sediment 
w ithout the danger o f  choking, as well as the degree of interaction betw een cells.

In Annex 1 the cell-concept as developed sofar is described more elaborately. The ET remarks that the PA ET has
expressed general doubts about the cell-concept. It would be valuable if  these doubts were specified, and 
alternatives were suggested.

2.2 Present dredging and dumping strategy
The dredging and dum ping strategy has been to dredge sills and width constraints in the navigation channels and
to dump the dredged material in adjacent, nearby channels. Initially most o f the material was dredged and 
dumped in the eastern sections of the W estern Schelde estuary, where the channels were m ost lim ited in depth. 
Increasing volum es o f dumping were observed to lead to degeneration o f channels, to a dim inishing of 
dynamical processes and to a decrease of areas that are im portant for ecology. In a quantitative sense these 
limiting volumes were in order-of-m agnitude agreem ent with theoretical estim ates (REF 3 and 4), The initial 
strategy has been changed since the increased deepening o f 1997-1998 and dredged material in the eastern 
sections was dumped in more western located secondary channels. The underlying strategy has been not to 
withdraw sediment from  the estuary. Nevertheless, sand mining takes out about 2.5 x IO6 m3 yr'1.

2.3 Future dredging and dumping strategy
Current information in relation to the critical dum ping volum es in secondary channels indicates that it is not 
unequivocally certain that there is space for a further increase o f dredging and dumping material within the same 
m anagem ent concept, i.e. preserving a dynamic multiple channel system (LTV) and not withdrawing sedim ent 
from the estuary by dum ping in secondary channels (REF 5). Hence, the developm ent o f alternative strategies is 
necessary. However, since there is a  num ber o f other natural and human developm ents o f which the im pacts are 
uncertain, viz. sea-level rise, the estuary’s outer delta (Vlakte van de Raan) developm ent and sediment 
extraction, a change in m oiphological management o f the estuary has to be introduced with utmost care. Careful 
monitoring, process studies and pilot experiments specifically focused on this issue are essential.
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3 Comments on Present PAET Studies and Alternative Dumping Strategy

The present report and the studies associated with it (REF 1, 6 and 7) are useful in that they highlight a major 
possible problem  with the current developm ent and dredging strategy in the Scheldt Estuary. The contention is 
that the estuary, given extrapolation o f the current dumping strategy, is likely to develop into a single channel 
system, and that this is an unhealthy state and would lead to deterioration in the navigational and environm ental 
characteristics o f  the estuary as a whole.

It is therefore opportune to consider alternative dumping strategies. The PAET has developed such a  strategy. It 
concerns the dumping of sediment in relatively shallow areas close to intertidal flats where sufficient storage 
capacity is expected to exist and where sediment is thought to be only m oderately mobile.

3.1 General comments
Unfortunately, so far not all of the available information has been assembled in support o f the thesis 

that extrapolation of current dredging managem ent strategy leads to disintegration o f  the m ultiple-channel 
estuary. There are bathym etric charts o f the long tim e series o f  surveys, but they have not been analysed and 
interpreted in a com prehensive way so that a picture of developm ent o f the estuary appears and a conceptual 
model can be constructed which can be applied to prediction o f future developm ents. The conceptual model 
would need to have several elem ents. The cell concept (REF2) is considered to be a good model for the present 
sedimentary system  o f  the estuary, but it gives little insight into how it m ight develop in the future. It needs to be 
integrated with a conceptual m odel o f how the cells might develop. Additionally, a  conceptual model is needed 
to describe the existing changes within the cells, and how the tidal flats may change in form  and location. O f 
particular concern is the possibility that there are progressive changes that may lead to m ajor bank and channel 
shifts.

Because o f  the lack of a well-described concept, it is possible that there are other strategies, w hich 
could prevent the deterioration o f  the estuary. Also, it makes the risks associated with the present proposals 
difficult to assess. Such an analysis of historic bathym etric charts would be of great help in determining the trend 
of changes and the justification for the proposals.

Evaluation o f the state o f the estuary would have been helped by using an em pirical modelling 
approach, based on dim ensional distributions o f  e.g. along estuary cross-sectional areas, which often display an 
exponential form. These may be used as indicators o f estuarine equilibrium.

The present dumping practice is well known, but it is not well spelled out in the report. It is apparent 
that up to 11 m illion cubic m etres sediment per year is dredged from a num ber of critical shallow points in the 
estuary and is deposited prim arily on the sides of ebb-channels and centrally in flood-channels, taking the tidal 
stage into acount. Quantification o f the distribution would assist interpretation o f cause and effect scenarios.

There is also a  problem with both time and space scales, in that it takes the estuary a long tim e, possibly 
years to decades, to respond to changes, such as capital dredging of channel deepening, sea level rise, poldering, 
etc. This aspect needs to be addressed by a conceptual model o f  future evolution.

3.2 Comments on the alternative dumping strategy
Following the discussions between both expert team s the ET interprets the PAET concept to contain the 
following elements:

sedim ent is dumped at locations on the fringes o f  intertidal flats where it is expected to have residence 
times sufficient to realize significant delays in re-siltation of nearby channels and channel sills;

the dumping sites are given a geometry such that they are expected to im pact positively on the current 
pattern, i.e. to stimulate a multiple-channel system  and to reduce maintenance dredging;

the strategy is elaborated for the Plaat van W alsoorden, but is expected to be applicable to other sites in 
the estuary as well.
The critical locations are those where the sediment is crossing the estuary at channel intersections, w here the 
transport direction changes from ebb to flood. An area is defined at the western end of the W alsoorden tidal flat 
where the flood current is coming round the bend below (Hansweert) and attacks and erodes the dow nstream  end 
o f the tidal flat. The hypothesis is that there is not enough sedim ent available to stop the erosion and that if it 
were to continue, the flood channel may disappear and a single channel remains.
The ET comments:

The hypothesis that guiding of the flow can be used beneficially to stop the channel deteriorating to a 
single channel w ould require several actions, not only sustaining and enhancing the form of the tidal flat. For 
instance fixed bank realignm ents might be necessary.

The report does not make clear how much m odification is necessary to achieve the required effect. The 
hypothesis that guiding of the flow can be used beneficially to stop the channel deteriorating to a single channel
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should be supported by proper arguments and studies linking the short-term  hydrodynam ic changes with the 
long-term  morphodynam ic feedback o f  the system.

At the m om ent the strategy is presented in a very em pirical and qualitative sense, rather than in a quantitative 
sense. The absence of a  proper quantitative assessm ent m akes it very difficult if  not im possible to judge the 
feasibility o f the PA ET concept, certainly in its full extent o f storing some 4 m illion cubic m etres o f  sedim ent at 
the P laat van W alsoorden. Yet, the concept is sufficiently prom ising that it needs careful quantification. Hence it 
is worthwhile to investigate the feasibility by a stepwise em pirical and theoretical approach.

3.3 Comments on methodology
A certain num ber o f  studies have been undertaken to exam ine the situation round the W alsoorden flat and to 
develop an understanding o f its present state. These studies com prise field measurem ents, physical scale model 
investigations and numerical modelling, which ideally should be complem entary. However, they have not been 
used and carried out fully follow ing this philosophy.

The ET  makes the following specific comments:
Float tracking has shown the near surface trajectories o f the w ater flow, and these show the patterns o f 

flow on both flood and ebb tides. However, these may not be representative o f  the near bed flow or the 
m ovem ent o f sediment. The flow patterns after any dum ping m ay be different, but significant flow pattern 
changes are likely to arise if  large quantities are dum ped. It is unclear what degree o f tidal flat modification is 
required to be beneficial.

W hile the feasibility o f measuring sedim ent transport rates in the field was investigated, it has not yet 
led to a  useful dataset. ET thinks the D elft Bottle method gives useful results.

The physical (laboratory) m odel may be useful for an overall description, but it is unclear w hat its 
future usefulness may be. Also, there are scaling problem s, especially for sedim ent transport simulation. I f  a  role 
for the physical model is established, it needs to be allied to numerical process-based models.

Numerical models are not extensively used to their best. D ifferences between the measurem ents and the 
physical modelling should be evaluated. Num erical m odels could have explored the relationship between the 
shape of the tidal flat, the flow and the likely sediment transport pathways in an assessm ent for the pilot 
experiment. A  morphological m odel would have been a useful additional guide to assist expert judgem ent.

In conclusion, it is obvious that not enough is known about the detailed sedim ent transport around the tidal flats 
and the interaction o f the flow with an evolving morphology, and this might be greatly helped by a well prepared 
and carefully executed field trail (pilot experim ent) in w hich dum ped material in the area considered crucial is 
carried out. Although a definite answer should not be expected, the pilot experim ent is expected to provide 
additional insight on the feasibility o f  the strategy o f modification of the tidal flats in preventing deterioration of 
the estuary to a single channel, and making best use o f the dum ped material in enhancing the estuary.

4 Recommendations on the Pilot Experiment

Extensive discussions between PAET and ET were held regarding the minim um size requirem ents for the 
experim ent to be successful. The experim ent depends crucially on there being sufficient material dumped that 
there is likely to be enough change in the bed levels to be detectable and provide sufficient information on the 
interaction betw een the flow and a developing morphology.

W ithin the present authorisation a pilot dumping o f 200.000 cubic m etres can be executed on the short term.
Both ET and PAET question w hether this is sufficient. The opinion was that the volume should be as large as 
possible but less than a million cubic metres to reduce the chance o f  the flood channel being choked. This is 
however based on estim ates o f the quantities available. It is highly recom m ended that the actual m inim um  and 
maximum amounts be defined by the PAET using a limited m odelling effort allied to the conceptual model that 
is essential as a guide to  the changes expected. The modelling effort could include running existing models on 
the short term to help in the design o f  this experiment as presented by PA ET, i.e. to check whether current 
patterns are modified as expected and whether the deposit is stable enough. If  nevertheless a pilot of 200.000 
cubic m etres is decided on, there are risks that the experim ent might not give the expected results, and that the 
reasons for failure m ay not be apparent.

Some more detailed comm ents by ET are as follows:
The timing of the experim ent needs further consideration. From ecological considerations it m ight be 

better to do the experim ent before wintertime. However, sedim ent mobility is likely to be greater in the winter.
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M inim um  technical requirem ents are use of tracer material, M edusa and m ultibeam m easurem ents, with 
a good definition o f the baseline situation covering spring-neap-spring cycle.

There is a necessity for near bed measurem ents o f  velocity profiles allied to hydrodynam ic modelling.
If practically feasible, efforts should be undertaken to establish a relationship betw een sediment 

mobility, bed forms and friction. This is im portant for full interpretation and use o f the tracer results. In this 
respect the assessm ent o f the vertical distribution o f the horizontal velocity may be a better approxim ation.

5 Recommendations for Further Research

5.1 Implementation of the strategy
Following the discussion with PAET, we recom m end a step-by-step approach to evaluate the proposed dum ping 
strategy. This approach includes the following five steps:

Pilot experiment, (provided that the recom m endations in chapter 4 are taken into account)
Refinem ent o f the strategy, incorporating a conceptual model o f the morphological response o f the bank 

and of the whole cell,
Larger pilot experiment,
Im plem entation o f  the reshaping o f the tidal flat (4 million m3),
Generalisation o f the approach to other locations.

It is advised that a refinem ent o f the strategy including the developm ent o f  a conceptual model is initiated 
simultaneously with (preparations for) the pilot experiment.

The ET em phasizes the large importance of the refinem ent o f the strategy, which should lead to the developm ent 
of a conceptual model for w ider application. This model should at least be based on three elements: 

analysis o f  historical maps;
evaluation of past and present practices at each dumping site; 
monitoring o f  the pilot experiment.

5.2 Analysis of historical maps
Using the bathym etric maps as presented in the final report o f PAET and its addendum (REF5 and 6), the ET 
recom mends plotting cross-sectional areas versus distance, focusing on the 50 last years. From this it m ight be 
possible to determine a general trend in space, the evolution o f the tidal prism and trends in bank m ovem ent. 
Areas that deviate considerably from the trend might be considered for reshaping by appropriate dum ping. An 
analysis o f the cross-sectional areas and shapes in time could also reveal insight in the dynam ics o f particular 
locations. The ET recom mends that due account is given of lunar nodal tide effects.

5.3 Evaluation of past and present practices
W e recom mend analysing more precisely the difference bathym etric m aps at each dumping site to com pute the 
deposited and eroded volumes and compare these to the dum ped volumes. Conclusions should be drawn on the 
local impact o f the dumping on the morphology.

5.4 Development of a conceptual model
A nalysis o f the historical data together with the monitoring o f  the pilot experim ent should provide enough 
information to develop a conceptual model. A t a local scale it could be a simple sand balance for the dum ping 
site. At estuary scale it is a  more elaborate description of the morphodynamics o f the estuary as a whole, aim ing 
at preparing the next step of im plem entation o f the new strategy. Because o f the lack of a w ell-described 
concept, it is possible that there are other strategies, which could prevent the deterioration of the estuary. These 
should be discussed and evaluated.

5.5 Expected impacts
If the conclusion can be drawn that the proposed alternative dumping strategy is a  feasible concept, PA ET  has to 
attem pt making a  quantification o f the expected advantages and to consider both local, short term im pacts and 
system, long term impacts.

Local, short term im pacts concern:
flat-channel interaction processes, with respect to the residence time and hence the influence on natural 

capability o f restoring dynamic equilibrium (resilience);
impact on sediment composition of both the dumping material and the flat sediments, with respect to 

the ecological impacts o f the interaction of these two;
im pact on the ecology with respect to the dumping activity in itself (disturbance of the benthos, changes 

in turbidity, loss o f biomass).
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System related, long term im pacts concern:
the existing dynam ics o f the system and the concern w hether the strategy does not work against the 

“natural” dynamical trends, but rather with it, to speed up m ovem ent to an acceptable equilibrium ;
the morphodynam ic resilience - o r  the natural capability o f restoring (capacity to restore) interventions- 

is expected to  have a quantitative lim it (compare the traditional dumping maxim a). These lim its will have to be 
assessed with a com bined m odel/concept and an em pirical approach;

the concerns have to be considered in relation to  the other developm ents, such as sea-level rise, the 
interaction with the Vlakte van de Raan and sedim ent extraction. A lso the effect o f  possible adjustm ents o f the 
(now fixed) riverbanks should be considered.

5.6 Recommendations about modelling
A numerical and a physical scale model have been used in the latest study and difficulties appeared, as reported 
in the PA ET report (2003). Proper use o f numerical and physical hydrodynam ic, sedim ent transport and 
morphodynam ic models can be useful in determ ining the sensitivity o f the conceptual m odels for different 
geometries and param eters. G iven the expertise o f the PA ET how ever, we recom m end the collaboration is 
necessary in the use o f models in the step leading to the overall predictive conceptual model.

5.7 Soundboard group
The PAET would benefit from basing with a  'soundboard' group being fam iliar with different com plem entary 
techniques and different estuaries in order to help generalise the results.

Prof. Jean Berlam ont 
Prof. Keith D yer 
Dr. Luc H am m  
Prof. Co van de Kreeke 
Prof. M arcel Stive

October 3, 2003
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Annex 1 The cell concept

This concept has been elaborated following several steps:

a) The definition of cell systems at meso- and m acro-scales based on the analysis o f bathym etric maps following 
observations and analysis by Van Veen (1950). The method used is general and can be applied to the different 
bathym etries available. There is no need for a numerical model to  define these cells on maps,

b) A qualitative description of how a cell is functionning i.e. recirculation o f  the sediment mainly inside a  cell 
w ith flood and ebb currents with second order exchanges betw een cells. Here again, em pirical observations 
suggest this description,

c) A quantification of the intensity of the recirculation using a numerical model in w hich assum ptions on 
sediment grain size, distribution o f velocities, effects o f river floods and wave agitation are made to get a mean 
annual gross and net sediment transport. This quantification is specific at present to only two bathym etric 
situations (REF 2) and has not been fully validated against com prehensive field measurem ents so far,

d) The developm ent o f a stability concept with numerical simulations to predict the im pact o f deepening a 
channel o r filling it. This is a m ajor refinem ent o f  the cell co n cep t, a kind of second module, which could be 
discussed and im proved without modifying or rejecting the "first module" described under a) to  c). The 
validation of this concept is described in REF 3, 4 and 5.
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