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Abstract

To guarantee optimal accessibility to the port oftwerp, a deepening of the navigation channel wapgsed
within the Long Term Vision for the Scheldt estuaAn environmental impact assessment and an apptepr
assessment were carried out for this project. Rtwse studies it was concluded that the most pefescenario
for the enlargement of the navigation channel idetua strategy aiming at disposing dredged matedat 3
sandbars in the Western Scheldt, creating oppaiggrfior nature. To determine the optimal dispasitegy on a
detailed and more practical level, research waopeed by Flanders Hydraulics Research. The majactie of
this study was to determine a detailed disposaltesyy in order to maximize the ecological benefits,
maximizing the potential creation of low dynamideridal and shallow water area. This paper dessrithe
studies undertaken by Flanders Hydraulics Researdbetermine the most optimal disposal strategy hext part
the most optimal disposal strategy resulting fréwa tesearch will also be presented, as well astthéegy being
used to evaluate this new disposal strategy.

1. INTRODUCTION (called Port of Antwerp Expert Team, or “PAET")
to investigate the possibilities of a further
The Scheldt estuary is the maritime access tdeepening of the navigation channel. The PAET
several ports in Flanders and the Netherlands, thsroposed the idea of morphological management.
largest being the Port of Antwerp, located at som@s a pilot project they proposed to use dredged
100 km from the open sea. The Western Scheldt material to restore the western tip of the
the part of the estuary between Vlissingen and the/alsoorden sandbar in the Western Scheldt
Dutch-Belgian border — is a typical multiple [Meersschaut et al., 2004; PAET, 2003]. This
channel system, with the navigation route beingroposal would not only improve the distribution
mainly located in the ebb channel. Up-estuary thef the flood currents between the ebb and the flood
Dutch-Belgian border, the estuary evolves to &hannel, but would also create benefits for
meandering single channel system. The maiecology. The feasibility of the Walsoorden pilot
driving force from point of view of hydrodynamics project was investigated by Flanders Hydraulics
is the tidal penetration from the North sea inte th Research using in situ measurements, a physical
estuary: the tide penetrates up to Ghent (a distangcale model as well as numerical modelling [FHR,
of approximately 160 km from the mouth in the2003]. Final proof of the feasibility of the
North sea) and is blocked there by a weir. Thenorphological disposal near the Walsoorden
fresh water discharge is hydrodynamically lessandbar was brought by 2 in situ disposal tests
important, however it has an important influencefFHR, 2006; FHR, 2009a; Plancke et al., 2009].

on the salinity gradient along the estuary. In the environmental impact assessment of a
In 1999 Flanders and the Netherlands agreed farther deepening of the navigation channel of the
cooperate closely for managing the Scheldt estuar§cheldt estuary, different scenarios were
and set up a “Long Term Vision” (LTV), based oninvestigated for the Western Scheldt. The scenario
3 pillars: safety against flooding, port acces#ipil in which the material from the capital dredging

and nature. Parallel to the LTV, the Antwerp Portworks was disposed near sandbars (i.e.
Authority asked an international expert team
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morphological disposal as introduced by PAETwould also serve as a TO situation, in order to
see Figure 1 for locations) was the most favorablevaluate the effect of the disposal.

one: this strategy would not induce any negative

effects, on the contrary it would create possib#it $\ asiae

for the development of nature [Arcadis-Technum
2007].

Where the environmental impact assessmer
investigated the overall effects of the channe NN .
enlargement (including disposal) on a large estuar ﬂ C N AN T
wide scale, Flanders Hydraulics Research wa A
asked to conduct research to optimize the dispos
strategy near sandbars on a detailed and mo
practical level.

Emanuelpolder

2. RESEARCH OPTIMIZING THE \ - : ; :
DISPOSAL STRATEGY Figure 2. Results of float measurements at the

Walsoorden sandbar.

The goal of the proposed disposal strategy along

sandbars was to maximize the creation ofl.3. Numerical hydrodynamic model
ecological valuable ecotopes, i.e. subtidal and\s a next step a detailed numerical hydrodynamic
intertidal areas with low currents, in a sustaieabl model was set up for each sandbar location, which
way. Flanders Hydraulics Research used aas calibrated using all available measurement
combination of different tools to investigate thedata [Ides et al., 2010]. Since local hydrodynamics
most optimal disposal strategy: analysis of topowere to be represented very accurately by the
bathymetric maps, field measurements and a higmodel (cfr. goal to create low dynamic area),
resolution 2D hydrodynamic numerical modelspecial attention was paid to the flow velocities.
[ldes et al., 2010]. Moreover, the experience/Vhere the flow velocities in the deep and shallow
gained near the Walsoorden sandbar [FHR, 2008vater areas were good reproduced by the model,
FHR, 2009; Plancke et al., 2009] was used abmited data availability in the intertidal area
valuable input during this research. prevented a good calibration of the models in this
reach. Therefore an additional validation of the
intertidal area was carried out based on the maps

Since it is important that the disposal strate . of ecotopes, which define several classes in regard
: LIS 1mp ISP gy wi to their ecological value. One fundamental aspect

not work against the natural evolution, airl the definiion of the ecotopes is the

morphological analysis — based on topo—h . o
! ydrodynamic character, which is related to the
bathymetric maps from 1931 to 2005 — was mad w velocities. Figure 3 shows some results of the

oreach sandbr ocaler, Besdes obsenvatn Saloraton of e model based on he maps o
orp gica . T §cotopes for the Rug van Baarland.

evolutions were investigated trying to understan

the morphodynamics of the estuarine system.

1.1. Historical topo-bathymetric analysis

1.2. In situ measurements

Insight in the local hydrodynamic conditions was
obtained by intensive flow (GPS floats and ADCP)
and sediment transport measurements on the 4
potential disposal locations. Besides gaining
insight in the local conditions, these measurements
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the sandbar, creating a low dynamic shallow
water area.

Figure 3. Calibration of the numerical model in the > et
initertidal zone wusing ecotope classification for :
Baarland. The green contour indicates the intdrtida
area, the pink contour indicates the low dynamic
intertidal area as indicated on the ecotope ciaasifn.

The colors indicate respectively high dynamic (raxil -
low dynamic (green) area as calculated by the nigaer | -+

model. The 2 figures show different results durihg — -
calibration of the model. — e
B 14 tot-12
B 16 tot-14
— v
3. THE PROPOSED DISPOSAL |m--
STRATEGY A
N
The research carried out by Flanders Hydraulic | st

Research revealed that fundamental difference
exist between the 4 proposed locations (set
Figure 1). On one hand both the locations nea
the Walsoorden sandbar and the Hooge Plate
West are located near the seaward tip of ¢
sandbar, attacked by flood currents. It is
expected that sediment disposed at thes:
locations will gradually be transported towards
the sandbar. On the other hand the locations ne
Rug van Baarland and Hooge Platen North are
located along a sandbar, guiding the currents. | A
is expected that sediment disposed at thes.®
locations, will be transported along the sandbar.Figure 4. Megadune propsed at Walsoorden sandbar
For the Walsoorden sandbar and the HoogfPove)and Hooge Platen West (below).

Platen West (see Figure 4) the disposal strate
aims at creating a subtidal “megadune” whichVea" Rug van Baarland and Hooge Platen North

will migrate towards the sandbar under influencdS€€_Figure 5) the disposal strategy aims at
of the flood-dominated currents. This can befonstructing a “sand spit” near the tip of the
seen as an application of the “working Withsandba}r. _Thls new sf';md spit, in comblnatlon with
nature” principle. This so-called megadune aimd€ €xisting one, aims for the creation of an
for the creation of an underwater barrier whichUnderwater  barrier  reducing the currents
will reduce the currents between the barrier and
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between the barrier and the sandbar, creating sediments were disposed near the 4 proposed
low dynamic shallow water area. locations along sandbars. In the deeper areas

near the sandbars, the disposal was performed
T using the conventional “clapping” technique
T with hoppers. In the shallower areas, the trailing
suction hopper dredgers connected to a floating
line which was connected to a diffuser (see
Figure 6). This technique allowed the disposal of
sandy material in zones up to 2m below low
water. Simultaneously with the capital dredging
works, maintenance dredging works had to take
place. Part (20%) of the dredged sediments from
the maintenance works, are disposed near the
sandbars, while the other part is disposed in the
main or secondary channels. Over the first 2
years a total of 12.4 Mm3 of sediments have
been disposed near all 4 sandbars, which is 63 %
of the amount foreseen to be disposed in 5 years
(see Table 1).

Figure 5. Sand spit proposed at Rug van Baarlan
(above) and Hooge Platen North (below).

4. EXECUTION & EVALUATION
OF NEW DISPOSAL STRATEGY

On February 1R 2010 dredging works for the
enlargement of the navigation channel in the
Western Scheldt started. During a period of ong
year all necessary capital dredging works (7,

Mm? of sandy material) were executed. The

igure 6. TSHD connected to floating line (above) a
etail of diffuser head (below).
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Capacity Disposal Disposal Disposal

Focation sy | Yerl | Yems | Yewiss | Sabiiy evaluation of the new disposal strategy on the
[Mny] [Mnr’] [Mnr] [Mny] [%] |Onger term.

2 Jes 20 95 .5 2.53 ; ; _
o S = R i Besides these measurements, a calibrated 2D
RugvanBaind | 300 | 070 | 038 B ! numerical model [Idegt al, 2010] is used to
e o N B e evaluate the developments of the flows near the
Table 1. Overview of quantities to be disposed near ~ Sandbars. Simulations are performed on regular
sandbars and initial stability. basis (every 3 — 6 months), using the most actual

_ _ topo-bathymetry near the sandbars. All 40
To evaluate the possible effects of the deepeningeasurement points are defined in the model

of the navigation channel and the new disposaing similar analyses is performed. Additionally,
strategy, an extensive monitoring programmeypatial maximum flow maps are generated and
was set up [Plancke et al., 2012]. Thischanges in these maps are evaluated (figure 7).
monitoring programme consists among others ok special “protocol’, containing  several
high frequent multi-beam echo soundingsmorphological (stability of disposed material)
current measurements, RTK height measuremegj,q ecological (evolution of ecotopes) criteria is
and determination of grain size. _ appended to the disposal license to, quasi
To monitor the stability of the disposed continuously, evaluate the monitoring data. An
sediment, high frequent multi-beam echopngependent group of experts (“Commission
soundings (MBES) of the total disposal areayionitoring Western Scheldt”) will supervise the

were performed. In the period during theeyg|yation of the monitoring and advices at least
execution and 1 month after the last dlsposabveryz years on the disposal strategy.

one sounding every 2 weeks was made. After

this period, the intensity was reduced to one

sounding per month and finally to one every

months. Additionally to these “disposal zone’%' CONCLUSIONS

soundings, a MBES of a larger area took plac\eN. hin th | . £ th L
twice a year to monitor the morphological Ithin the enlargement project of the navigation

changes in case the sediment would bghannel in the Scheldt-estuary, a new disposal

transported out of the disposal zone. strategy was chosen, aimed at creating new

The flow velocities are measured on 10 transec cological valuable habitats. The combination of
ct% morphological analysis, the in situ

over 2 full spring-neap-tide cycles. Each transe .

consists of 3 points in the intertidal aregmeasurements, the numerical model as well as
(measured with Nortek AquaDopp | 2MHz _the experience with 2 in situ disposal tests at the
figure 7) and 1 undeep subtidal point (RDIW‘F’IIS.O.Ord.en sandbar , resulted in  detailed
ADCP | 1200 kHz). The AquaDopps in thespeclflcatlons for the dlsposa_l strategy. It was
intertidal zone were dug in the sandbar and Ioog)und thﬁt 4fundamenc:alll dl_fferenées eX|hstsd
upward, allowing maximal vertical resolution et\r/]veﬁn': € 4 propose hoc\:;l\'jlolns. dn one datl)n
when flooded during the tidal cycle. To presenf©th the locatons near the Walsoorden sandbar

measurement data, scatterplots are generat@&d the Hooge Platen West are located near the
showing the maximum flow velocity (flood or seaward tip of a sandbar, under attack by flood

ebb) versus the tidal range (rising or fa”ing)currents. It is expected that sediment disposed at

(figure 7). Before the start of the deepening, th1€S€ locations will be gradually transported

reference situation was monitored for all 40][owa_rds the saFlendbar. Oré thel oéher :arld the
locations, measuring continuously over25pring—ocatlon near Rug van baarand an 00ge
Platen North are located along a sandbar,

neap tidal cycles. Since the start of the works, ding th s It ted that sedi ¢
new measuring campaigns at all locations havi uiding the currents. 1t 1S expected that sedimen

been executed to evaluate the effect of th isposed at these locations will be rather
disposal activities. During the next 6 years thistransported along the sandbar. Therefore a

monitoring  will continue, allowing the
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different disposal strategy was proposed for both
type of locations.
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SIMHYDRO 2010: modeéles hydrauliqgues et
incertitudes, Nice, France

An extensive monitoring programme was set urﬂ/leerSSChaUt, Y., Parker, W., Peters, J.J. & Plantke

to evaluate the success of this new strategy,
focusing on topo-bathymetry (using MBES) and

2004. A dredging and disposal strategy for
managing the Western Scheldt’'s morphology and
ecology. WODCON 2004, Hamburg, Germany.

flow characteristics (using Acoustical Dopplerp; o Antwerp Expert Team 2003. Alternative

techniques).
numerical

Additionally, hydrodynamic
simulations were performed to

dumping strategy - The feasibility of morphological
dredging as tool for managing the Western Scheldt.

investigate the changes in flow patterns near thelancke, Y., Ides, S., Peters, J.J. & Vos, G. 20@9.

disposal locations. This extensive monitoring
and analysis of the measurement data will allow
a final evaluation 5 years after the start of
enlargement project.
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Figure 1. Overview of the present topo-bathymefrthe Western Scheldt (bathymetry expressed in rsdielow
mean low spring water level). The black contoutidate the different disposal areas near sandbadged in the
environmental impact assessment. 0: sandbar ofddalen; 1: Rug van Baarland; 2: Hooge Platen N@&tihjooge
Platen West.
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Figure 7. AquaDopp (left), scatterplot from ADP-raeeement rising vs. maximum flood velocity (mid)&iood
velocities and difference (TO+15months — TO) frommerical model (right).
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