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Abstract

The Port of Rotterdam (PoR), located in the Rhine-Meuse estuary, is subject to sedimentation. In order to
keep the port accessible for vessels with high drafts, maintenance dredging works are done. The mainte-
nance dredging over the port area is executed by two parties, PoR itself regarding the harbour basins and
Rijkswaterstaat (RWS) regarding the river and waterways.

Since 2013 a substantial increase of the yearly total maintenance dredging volume of the area under control
of PoR is observed. The problem of this research is the increase in maintenance dredging volume, from an
average of 5.2 mln cubic meters a year (over 2005-2012) to an average of 8.9 mln cubic meters a year (over
2013-2016). By analysis of the administrated maintenance dredging volumes database of PoR it is concluded
that the problem is concentrated at Maasvlakte I. Including the maintenance dredging volumes data of RWS
results in the conclusion that over the entire port area no occurrence of an increase in maintenance dredg-
ing volume is observed. A decrease administrated by RWS at the same period of time is concentrated at the
area in front of Maasvlakte I, the harbour basin responsible for the increase in maintenance dredging volume
of PoR. These findings lead to the conclusion that not an increase of sedimentation over the port area is re-
sponsible for the research problem, but a redistribution of the sedimentation rates from the area in front of
Maasvlakte I to Maasvlakte I is.

An analysis of the events that are potentially of influence on the research problem is performed. Based on the
correlation of time and potential impact on the hydrodynamics of the water system, the event 'Construction
of Maasvlakte IT’ is selected for an assessment. Two simulations with an extensive hydrodynamic flow model
managed by PoR are run. One simulation includes the layout of the Maasvlakte before the construction of
Maasvlakte II, the other includes the layout of the Maasvlakte as it is today. Both simulation use exactly the
same initial and boundary conditions. With use of the simulations, the impact on the hydrodynamic condi-
tions within the area of interest is assessed. The results show a significant increase of the tidal filling volume
of the Maasvlakte harbour basins with a factor of 1.4. This increase is associated with in particular a signifi-
cant increase of the horizontal flow velocities, and strengthened by a higher horizontal density gradient as a
result of higher mixing rates of fresh and saline water at the Maasvlakte. The increase of the horizontal flow
velocity is in particular measured in front of Maasvlakte I and in the connection to Maasvlakte I itself. Within
the Maasvlakte harbour basin, the velocities are quickly dampened by the large width of the basin.

The results of the assessment correspond accurately with the results of the data analysis. At the area subject
to an increase of the horizontal flow velocity, a decrease of the maintenance dredging volume is observed. At
the area where an increase in maintenance dredging volume is observed, no to slight changes of the flow ve-
locity are measured. This is explained as follows. The increase of the tidal filling volume by the construction
of Maasvlakte II, results in an increase of the horizontal velocities over the entire area connecting the North
Sea to the Maasvlakte. Sediments that were able to settle within that connection before are now kept in sus-
pension and transport to the Maasvlakte. The sediments kept in suspension reach the harbour basins where
the horizontal flow velocities are quickly dampened by the large width of the basin, enabling the sediments
to settle.

It is concluded that the dominant mechanism leading to the increase in maintenance dredging volumes at
the Port of Rotterdam is a change in local hydrodynamics by the construction of Maasvlakte II, resulting in a
redistribution of the sedimentation rates within CaBe-system. A potential reduction measure in the form of
a sediment trap is recommended to improve the current situation, but is unable to bring the hydrodynamics
within system back to the situation as before the construction. The research problem is one of the conse-
quences of the construction of Maasvlakte II, and hence partly have to accepted as well. A detailed study to
the design of the problem specific sediment trap is required. Other studies that are recommended to improve
the understanding of the actual problem regard the used dredging strategy, the exact pattern of sedimenta-
tion and the development of the composition of the bed material in the area the problem is concentrated.
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Introduction

The Port of Rotterdam (PoR), located in the Rhine-Meuse estuary, is the largest and busiest port in Europe.
Shipping transport is a worldwide growing industry and vessels are increasing in size to meet the demand of
supply. This results in higher ship drafts. In order to keep the port accessible for all type of vessels, mainte-

nance dredging work is done.

The Rhine-Meuse estuary is the transition zone between a river environment (Rhine and Meuse owinginin
the east) and a maritime environment (adjacent to the North Sea in the west), and is subject to in uences of
both. Both environments cause a sediment transport, respectively seaward and landward. These sediment
uxes converge somewhere within PoR, resulting in high sedimentation rates.

The high sedimentation rates are problematic for the navigability of the fairways. To ensure the maintained
depth (MD), which is the navigable depth guaranteed by PoR, two survey vessels are full-time monitoring the
current depths within the entire PoR. Subsequently dredging vessels are directed to critical areas to perform
maintenance dredging, which is a continuous task. Contaminated dredged material has to be disposed at the
Slufter, a large scale disposal site in the south west of the port closed from the open water. Redistribution in
the water system is allowed for the major part of the material dredged at the port areas and is done by dispos-
ing at the North Sea at an area called Loswallen, approximately seven kilometres away of the harbour mouth.
Part of the dredging material disposed at the Loswallen is transported back to the harbour mouth by a return
currentin uenced by North Sea conditions [Hendriks and Schuurman, 2017]. The entire cycle from dredging
to disposal form the activity referred to as maintenance dredging activity. An overview of the sediment uxes

of the system PoR is part of is given in Figure 1.1.



2 1. Introduction

Figure 1.1: Overview of the sediment transports in the system PoR is part of

1.1. Problem de nition

Since 2013 a substantial increase of the yearly total maintenance dredging volume of PoR is observed, which
is shown in Figure 1.2. This increase will be analysed in detail later in this report. However, because this data
also provides the motivation for this study it is shortly discussed here.

This research makes distinction between two periods, one from 2005 to 2012 which will be referred to as the
base period, and the years from 2013 to 2016 which will be referred to as the problem period . During the base
period the yearly average total maintenance dredging volume of POR was 5.2 million cubic metres, which in-
creased to 8.9 million cubic metres over the problem period with a maximum until today of 11.3 million cubic
metres in 2016. With use of the data analysis it is found that Maasvlakte | (MV1) is the dominant responsible
harbour basin for the strong increase in maintenance dredging volume. For that reason the focus of research

is on the Maasvlakte-area * (MV-area), further substantiation is found in Chapter 3.

During the last decade PoR experienced several events 2, which might be responsible for the increase in main-
tenance dredging volumes observed at MV 1. Distinction is made between internal events (human in uenced,
such as adjustments to port layout or geometry) and external events (nature driven, such as deviations in
weather and climate patterns). A change in dredging volumes caused by several events was expected, but
not of the order of magnitude observed in the last couple of years. The underlying mechanisms are insuf-
ciently understood and require further research. Knowledge on this subject is of great ( nancial) value to
PoR and for that reason it indirectly is a problem that concerns the Dutch society in the form of the tax system.

This report will refer to MV1, MV2 and the adjacent areas Caland- and Beerkanaal as the Maasvlakte-area
2This report will use the term “event' for all physical changes, and deviations to regular weather and hydraulic conditions with a potential
in uence on the maintenance dredging development.



1.2. Objective

Figure 1.2: Total maintenance dredging volumes of all sections under control of the POR

1.2. Objective

The objective of this research is to identify the main mechanisms for the increased maintenance dredging
volume at PoR over the problem period and to relate this increase to historic events. A second objective is to
identify a measure to reduce the maintenance dredging activity. To reach the objectives, the following main

research question is introduced:

What is the dominant mechanism leading to the increase in maintenance dredging volumes at the Port of Rot-
terdam in the last decade and which measure could potentially reduce the maintenance dredging activity in
the Maasvlakte-area?

1.3. Research approach

Figure 1.3: Schematisation of the research approach

To reach the objective, the research is divided into four phases: 1) a literature study; 2) the research phase;
3) the presentation of results; 4) the nal phase. A schematisation of the research approach is presented in
the ow chart of Figure 1.3. A detailed description of the phases is given below. The report is divided into
chapters. Each chapter consisting one (part of a) research phase. Each chapter itself is divided into sections,
each containing a speci ¢ subject of the phase.

1) The research starts with a literature review (Chapter 2). First a description of the area of interest and its
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site conditions is given. Subsequently the for this research relevant physical processes, characteristics of
the sediment present in the de ned area, and typical estuarine sedimentation mechanisms are outlined. By
interpreting this background knowledge regarding PoR speci cally, the rst research phase results in the def-
inition of three hypotheses of factors that potentially induce the problem.

The dominant factor responsible for the increase in maintenance dredging volume experienced by PoR is a
change in:

1. Local hydrodynamics by an internal intervention to port layout or geometry;
2. External factors, resulting in a change of general hydrodynamics or sediment supply;

3. Dredging strategy of the asset managers;

2) The research phase (Chapter 3) starts with presenting the research analyses. An event analysis is performed
to describe all events experienced by PoR since 2005 with a potential noticeable in uence on the mainte-
nance dredging volumes. Subsequently a data analysis based on the administrated maintenance dredging
volumes of the area of interest is performed. The data analysis starts providing an overview of the main-
tenance dredging activity over the entire POR and scales down in ve steps to nally focus on the area the
problem is concentrated. Based on the data analysis hypothesis 2. is rejected as the dominant factor for the
increase in maintenance dredging.

The following analysis studies the correlation between the event and data analysis. This results in the selec-
tion of hypothesis 1. for further assessment that is speci ed to:

"The dominant factor responsible for the increase in maintenance dredging volume experienced by PoR is a
change in local hydrodynamics by the construction of MV2 with an open connection to MV1'

A last analysis concerns the maintenance dredging strategy. As will become clear later in the report, the main-
tenance dredging over the area of interest is executed by two parties, POR and Rijkswaterstaat (RWS). Essential
data and information on the strategy of RWS is missing and hence, based on the maintenance dredging strat-
egy analysis, it is decided to leave hypothesis 3. untreated for further research.

The last step of the research phase describes the assessment method of hypothesis 1.. With use of the hydro-
dynamic ow model that is part of 'Operationeel Stromingsmodel Rotterdam' (OSR, translation: operational

ow model Rotterdam) two model simulations are run. One excluding (Simulation A) and one including the
construction of MV2 (Simulation B). The results of both simulations are compared to each other to identify
differences of the hydrodynamic conditions due to the speci c event.

3) The next phase (Chapter 4) contains the presentation of the results of the hypothesis assessment. First a
general description of the water system in the area of interest is given, based on Simulation A. Subsequently
the outcome of Simulation B is compared to Simulation A, to identify and discuss the differences observed.
The parameters of the simulations that are discussed are tidal discharge, water level, salinity and horizontal
ow velocities, as these are the parameters expected to experience the most impact by the studied event.

4) In the nal phase (Chapter 6) the conclusions out of the previous phase are drawn. Based on these con-
clusions the hypothesis is accepted or rejected as the dominant factor responsible for the research de nition.
Depending on the outcome of the assessment, a suitable recommendation of a potential reduction measure
is given. The research closes with identifying and discussing the assumptions done during research and the
reliability of the used data. Finally a recommendation for further research is made.



Literature review

The outcome of the literature study is presented in this chapter. First a detailed description of the area of
interest and its site conditions is given in Section 2.1. Section 2.2 describes the sediment properties and
physical processes of cohesive sediments. Some speci ¢ harbour and estuarine sedimentation mechanisms
are outlined in Section 2.3. The chapter results in the de nition of three hypotheses of the potential domi-
nant factor responsible for the increase in maintenance dredging volume experienced by PoR, described in
Section 2.4.

2.1. Area de nition and hydrodynamic conditions

A description of the area that will be subject to research is given in this Section with an elaboration of the
decisions. A description of the maintenance dredging activity in the area is given and details of the main
characteristics of the system in the form of fresh water in ow and tide are provided.

The area that is subject to this research is part of the Rhine-Meuse estuary (Figure 2.1) and consists of all
harbour basins of the Port of Rotterdam, the Rotterdam Waterway, New Meuse and Old Meuse. The eastern
boundaries are set at the Stadhavens. This is done based on the availability of maintenance dredging data
in that speci ¢ area. The boundary of the estuary itself, where no tidal in uence is noticeable, is further
upstream. The western boundaries of area that is subject to research are set at Hook of Holland (HoH) and
the Haringvliet sluices, as these form the respectively open and closed connections to the North Sea [De Nijs
etal., 2011]. The entire area as described above will from here on be referred to as the area of interest.

The maintenance dredging over the area of interest is executed by two parties, Rijkswaterstaat (RWS) and
PoR. Roughly it can be stated that RWS takes care of the river and waterways in the area of interest, while the
harbour basins are under control of PoR. A plan overview is presented in Figure A.2 of the Appendix. The plan
is further treated in Chapter 3. In the harbour basins (controlled by PoR) the dredged material predominantly
consists of silt. Material dredged at the Rotterdam Waterway and New Meuse (controlled by RWS) can contain
sand, ne sand and silt, depending on the exact location.
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Figure 2.1: The Port of Rotterdam located in the Rhine-Meuse estuary [De Nijs et al., 2008]

Fresh water in ow

Fresh water is supplied to the estuary by the rivers Rhine and Meuse of which the Rhine is responsible for
more than 80% of the total discharge. The average summer and winter discharge of the Rhine are approxi-
mated at respectively 1800 and 2600 m 3/ s[De Wit et al., 2007]. The Haringvliet sluices regulate the fresh water
distribution of the Rhine-Meuse delta according to a discharge program. The sluices are closed for Rhine dis-
charges below 1700 m3/s, transporting all fresh water through the Rotterdam Waterway. Above 1700 m?3/s
the sluices are opened during low water at the North Sea to prevent salt intrusion in the Haringvliet.

Tide

The tide measured at HoH is semi diurnal with a marked diurnal inequality and has a mean spring and neap
tidal range of approximately 2 and 1.2 metres respectively. The maximum tidal currentexceeds1  m/s. Under
typical tidal and fresh water discharge conditions the tip of the salt intrusion reaches the mouth of the Botlek
Harbour. [De Nijs et al., 2009]

2.2. Sediment properties and physical processes

A general, purely theoretical description of sediment properties and the physical processes associated with

it is presented in this section. By doing so, background knowledge on the ne details of the base of the sed-
imentation processes is obtained, which in the end is the origin of the problem. The section only includes
PoR related theory. The focus is on the physical processes of ne sediments (classied d <63 1 m, Dutch
Standards) as these are predominantly present in the water system of the area of interest, and differ from
sediments with a larger particle size as for example sand.

Because of the small mean particle size, electrostatic bonds and Van der Waals forces can be formed between
particles, resulting in cohesion. Cohesion rates can be enhanced under certain circumstances and depends
on the composition of the material and the location it is transported from [Van Kessel, 1998]. A schematic
representation of the characteristic cohesive sediment processes is given in 2.2, the relevant processes are
brie y treated below.
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Figure 2.2: Schematic representation of cohesive sediment processes [Van Kessel, 1998]

Cohesive sediment can be present in three manifestations, namely: 1) in suspended, diluted form in the wa-
ter column, in case of ne sediments called suspended particulate matter (SPM); 2) in aggregated, highly
concentrated but still uid form near the bottom; 3) in solid, consolidated form at the bottom, of which it is
part. Suspended particles can collide and tend to aggregate in water. These collisions are mainly governed by
Brownian motion, differential settling and turbulent motion. The aggregation process is called occulation.

Under the in uence of gravity, settling occurs as the density of the particles exceeds the density of the water.
The settling velocity of a spherical particle can be calculated with the well known Stokes' law:

Y Yay)gd?

for (Re- 1)
18ty

S

» 94 -settling velocity ( m/s)

* Y4 - mass density of the particles ( kg/m 3)
* Y4y - mass density of the water ( kg/m?3)

« g - gravitational acceleration ( m/s?)

« dj - diameter of the oc( m)

e 1 -dynamic viscosity water ( kg/m =z 's)

Floc growth is enhanced by an increase of the SPM concentration, as the collision rate increases. As a result,
the settling velocity will increase with the concentration. [Van Kessel, 1998] High SPM concentrations gener-
ally occur near the river bed and can cause a high downward volume ux of ocs that has to be compensated
by an upward volume ux of water. In case of high SPM settling concentrations, a considerable counter-
current is created, affecting the settling velocity. This phenomenon is called hindered settling. [Winterwerp,
2002].

Once the ocs are deposited, they tend to get more compacted as it is buried by more recent deposits, with
as a result that the effective stresses increase. This compaction process is known as consolidation. During
consolidation, particles become gradually supported by the grain matrix because of the increase of the ef-
fective stress, which is the difference between the total and the water pressure. As a result of the decrease
in volume, water is squeezed out of the soil and an increase in yield strength, approximately proportional
with the increase of the effective stress, is observed. This process can result in layers with different densi-
ties stacked over each other, also known as strati cation. The consolidation process ends when the effective
pressure equalises the hydrostatic pressure and pore water out ow stops. The resulting strength of the soil
can become large enough to withstand eroding forces driven by tides and waves. In that case the sediment
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becomes a permanent part of the river bed. However, before reaching that point of consolidation the deposi-
tion is only temporary and erosion can occur.

Distinction is made between surface erosion, resuspension of singular particles at the river bed, and bulk
erosion, which is the failure of a sediment layer. Surface erosion will occur if the bed shear stress, exerted by
current or by orbital wave motion, exceeds the critical shear strength for erosion. In case of cohesive sedi-
ment the bonding between two particles has to be partly broken before erosion occurs. Therefore the critical
shear stress depends on the compaction of the river bed resulting from consolidation. [Van Kessel, 1998]

2.3. Estuarine sedimentation mechanisms

Now a theoretical description of the sediment properties and physical processes on a small scale is provided,
this section will further elaborate on the port and estuarine speci ¢ sedimentation mechanisms. As described
in Section 2.2, ne sediment can be present in the water column in three different forms. This section focuses
on the sedimentation processes in the form of SPM.

Transport of SPM is caused by advection and can differ over the water column. The sediment transport pro-
le is the product of the sediment concentration pro le and the velocity pro le, which is shown in Figure 2.3.

A net transport of sediment occurs if the sediment in ow is higher than the sediment out ow. In case of an
estuary a complex situation exists as the sediment concentration pro le, the velocity pro le and hence the
sediment transport pro le vary over time. In order to understand the siltation patterns in PoR, the variation
of the sediment concentration and exchange ows within the tidal cycle needs to be known [Van Maren et al.,
2009]. This way factors that might be of in uence to the problem can be identi ed.

Figure 2.3: Relationship of estuarine suspended sediment transport (vertical axis) to the ow velocity and the suspended sediment con-
centration steepness, based on [Van Rijn et al., 1993]. The ow velocity pro le is typical for estuaries and results of estuarine circulation

The sediment concentration pro le depends on the estuarine hydrodynamics and sediment dynamics. The
estuarine hydrodynamics and sediment dynamics are mainly formed by the combination of tide, river dis-
charge, salinity distribution, weather conditions, shipping and sediment properties. An inland residual sedi-
ment transport is induced by tidal effects of the sea. According to literature this is mainly formed by tidal ow
asymmetry, settling lag and scour lag effects, and the effects of estuarine circulation . On the other hand, the
river generates a residual seaward sediment transport. The various residual sediment transports converge
somewhere within the PoR, resulting in high sedimentation rates and the formation of the estuarine turbidity
maximum (ETM) [De Nijs et al., 2009]. The mechanisms mentioned above are brie y explained below and
are of importance in order to understand the sedimentation processes within estuaries.

» Tidal ow asymmetry - difference in magnitude and duration between ebb and ood tidal currents,
produced by the distortion of the tidal wave propagating on the coastal shelf and entering bays and
estuaries. [Dronkers, 1986]
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« Settling lag - a higher velocity is required to bring a particle in suspension than the velocity necessary
for keeping it in suspension [Postma, 1961]

« Scour lag - after the current velocity has dropped below the velocity necessary for keeping a suspended
particle in suspension, it still takes some time before the particle reaches the bottom. This effect is
strongly noticed in case of nes [Postma, 1961]

« Estuarine circulation - residual ow pattern in an estuary induced by the density difference between
seawater and river water, see Figure 2.3 ([Postma, 1967]. cited by [De Nijs et al., 2010]). This phe-
nomenon is described in more detail in this section under density induced currents'

* ETM - the zone of highest turbidity in an estuary resulting from sediment uxes, turbulent resuspen-
sion of sediment and occulation of particulate matter [Schuttelaars and Friderichs, 2003]

The speci c process responsible for siltation of harbour basins is the exchange of sediment-rich water of the
high energetic river and sea with sediment-poor water of the low energetic harbour basins. Because the har-
bour basins have a substantial lower energetic level, sediments that were unable to settle outside the basin
might be within. Three in port common mechanisms responsible for the exchange of water of the harbour
basin and waterway are: horizontal eddies; tidal lling and emptying; density driven ow. These mechanisms
are described in more detail below.

Horizontal eddies

In harbour basins a horizontal circulation can be formed by the interaction with the river. Where the river
ow separates from the bank at the edge of the basin, a mixing layer is formed. The mixing layer grows by
entrainment (horizontal shear ow between water masses of different turbulence). Where the wake hits the
opposite side of the basin, a stagnation zone is formed. Entrainment and the stagnation zone induce a large
horizontal circulation of the size of the width of the basin. This circulation, in conjunction with the geometry

of the basin, can induce secondary and even tertiary circulations. The entrainment and advection cause a
water exchange between the river and the harbour basin. Figure 2.4 presents a schematic overview of the
mechanism.

Figure 2.4: Horizontal circulation by ow separation [Winterwerp, 2016]

Tidal lling

In combination with tide, the rate of water exchange between the harbour basin and the river in- and de-
creases over time. During a tidal lling the mixing layer described above is pushed into the harbour basin by
a net in ow of water. Because the shear zone also moves into the basin, the strength of the mixing layer de-
creases and the exchange of water (and hence sediment) is more dominated by the tidal lling. The opposite
occurs during tidal emptying, the wake is pushed out of the harbour basin, and eventually does not induce
any exchange between basin and river. [Winterwerp, 2016] Over the entire tidal cycle the net in ow of water
is zero, but the net sediment ux might be positive due to settling during tidal slack. Other tidal lling effects
on sedimentation are described under the header ‘density induced currents' below.

Density induced currents
Density currents are induced by a density gradient in the water as a result of saline and fresh water, water
temperature and/or sediment concentration. A gradient can be both vertical and horizontal, affects the ow
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structure and hence the sediment transport pro le. The effects of both types of density gradients (horizontal
and vertical) are brie y discussed below.

In case of an estuary, fresh water from inland meets saline water from the marine environment which, de-
pending on the mixing rate, typically results in a vertical density gradient. Because saline water has a higher
density than fresh water, saltwater intrusion (by tidal lling) can occur beneath the fresh water [Schuttelaars
and Friderichs, 2003]. During rising ood the salinity of the river is typically higher than the salinity of the
harbour basin and a near-bed in ow of saline water into the basin occurs. During ebb the opposite occurs
and a near bed out ow of saline water occurs. As the sediment concentration is highest near the bed, this is
of signi cant in uence to the sediment transport and hence an of great interest for this research.

Figure 2.5: Schematic presentation of estuarine circulation induced by a horizontal density gradients. On the right the sediment con-
centration pro le is depicted. (Winterwerp [2016])

Figure 2.5 is used to explain a density current induced by a horizontal gradient. At equilibrium, the total
force on the left and right boundary should be identical. The stress distribution follows from the hydrostatic
pressure distribution. Hence, the higher hydrostatic pressure near the bed at the saline side should be com-
pensated with a slope in the water level. This induces estuarine circulation, which is described earlier.

On top of the horizontal density gradient is the effect of the tide. Take into account a water body as depicted
at the top of Figure 2.6 with only horizontal density gradients and two cases, ebb and ood. During the ebb
case, fresh water ows over the saline water at the bottom (depicted in the middle of Figure 2.6). This is a
stable situation because the denser water is below the fresh water, imposing strati cation. During ood (de-
picted at bottom of Figure 2.6) the opposite occurs and denser water ows over the fresh water. In this case
an unstable situation occurs, resulting in an inreasin of the mixing rates. [Winterwerp, 2016]
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Figure 2.6: Schematic presentation of tidal straining of a water body (top drawing) in case of ebb (middle drawing) and ood (bottom
drawing). [Winterwerp, 2016]

2.4. Hypotheses

The aim of the literature review is to provide insight into the theoretical background regarding the research
problem. First an overview of the area of interest and its main characteristics is given in Section 2.1. The
purely theoretical background of sediment properties and physical processes is outlined in Section 2.2. To-
gether these two sections clarify that the focus of this research has to be at the behaviour of SPM within PoR
and provide a theoretical overview of the origin of the research problem. Subsequently the more port and
estuarine speci ¢ sedimentation mechanisms considering SPM are described in Section 2.3, as these are the
processes governing the sedimentation rates within PoR.

No literature is found that speci cally describes the factors that are potentially responsible for a change in
sedimentation rates within an environments as PoR. For that reason the theory described in this chapter is
interpreted regarding PoR and the factors that might lead to an increase in sedimentation rates at PoR over
the last decade are identi ed. The result is the de nition of two research hypotheses. In addition the more
practical side of the research problem is considered, as the problem originates from the maintenance dredg-
ing data provided by PoR instead of sedimentation rates. This results in the de nition of a third and last
research hypothesis.

The reasoning for the rst two hypotheses is based on the sediment transport pro le described in Section 2.3
and schematised with Figure 2.3. A change in sedimentation rates is logically the result of a change of the
sediment transport pro le over the tidal cycle. As the sediment transport pro le is the product of the ow
velocity pro le and the sediment concentration pro le, a change of one of both will result in a change of the
sediment transport.

1) Examples are given regarding port and estuarine speci ¢ sedimentation mechanisms. Section 2.3 clari-
es that water exchange mechanisms between the river and harbour basins are governing the sedimentation
rates. These water exchanges are strongly determined by the layout and geometry of the port in combination
with the environment in front of the basin, which is logically formed by the external factors. Regarding PoR,
several internal changes to the port layout and geometry took place over the last decade, examples are the
construction of a new terminal or the deepening of the New Waterway. These interventions logically have
its impacts on the ow velocity pro le within the port and hence affect the sediment transport pro le over

the tidal cycle. The rst hypothesis is based on changes of this form and is de ned as: The dominant factor

responsible for the increase in maintenance dredging volume experienced by PoR is a change in:

1. Local hydrodynamics by an internal intervention to port layout or geometry
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2) ltis clari ed by Section 2.3, that the sediment concentration pro le is mainly formed by the external fac-
tors. The most important external factors of impact to the hydrodynamic conditions in the area of interest
are tide and river discharge. Next to the determinant role regarding the hydrodynamic conditions, both envi-
ronment are also responsible for the sediment supply to the system. The hydrodynamic conditions in com-
bination with the sediment present in the system form the sediment concentration pro le. A deviation of
the external factors hence is expected to result in a signi cant change to the sediment transport pro le. The
in uence of external factors to the sedimentation rates within PoR is covered by the second hypothesis of this
research, de ned as:

1. External factors, resulting in a change of general hydrodynamics or sediment supply

3) As mentioned, the third hypothesis does not result from the literature review and is of a more practical
origin. As described in section 1.1, the problem of PoR is identi ed based on the administrated maintenance
dredging volumes, which will be treated in more detail in Chapter 3. It must be clear that these volumes do
not directly correspond to sedimentation rates, but are in uenced by the maintenance dredging approach
of the asset manager and so by changes to it. A different approach of the maintenance dredging activity will
have its impact on the volumes administrated by the asset manager. Hence changes with a strategical origin
of the maintenance dredging activity are captured within the last hypothesis for this research:

1. Dredging strategy by the asset manager

A lastimportant factor that can not be left unmentioned results from Section 2.2, which describes the physical
processes of ne sediments. It becomes clear that the characteristics of the sediment determines its physical
behaviour and hence the sediment concentration pro le. This means that a change of sediment properties
within the system can result in a change of sedimentation rates. Regarding this research a change of the com-
position and therewith the sediment properties of the material present in the system, might be a potential
factor leading to the increase in maintenance dredging volume. A reasoning like this results in the de nition

of a hypothesis in the form of: '4. A change in sediment properties' However, no indications that could result
in a change of sediment properties within the area of interest are found and a deeper study to that subject is
not within the research scope. For that reason the hypothesis is assessed to be unlikely and not included for
further research.

The literature review described in this chapter led to the de nition of three hypotheses. In the following
chapter the research analyses are performed to further study the background of the problem. Based on the
outcome of the analyses a selection of one of the above de ned hypotheses that will be subject to a hypothe-
sis assessment is done.
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