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Summary 

 

To maintain navigable shipping channels, substantial maintenance dredging is carried out in 

the Port of Rotterdam. Each year, this results in a dredged sediment load of approximately 10 

to 12 million m3. The current practice is to release clean dredged sediment at an offshore 

location, i.e., the Verdiepte Loswal. To reduce greenhouse gas (GHG) emissions and lower 

the costs, the Port of Rotterdam is considering alternative maintenance dredging strategies to 

reduce the dredging load. One such strategy is to optimise the release of dredged sediment. 

 

In this model study, we investigate the effect of release location and height, tidal phasing, 

ambient hydrodynamic conditions, and sediment settling properties on the far-field transport 

and fate of dredged sediment in and around the Port of Rotterdam.  

 

Five inland and seven offshore locations have been modelled, for both near-surface and 

near-bed release. Releases were either tide-independent or tide-dependent, triggered when 

tidal currents were directed seawards for the inland locations (during ebb) or longshore in NE 

direction away from the access channel (during flood). Transport and fate were assessed for 

three sediment fractions, characterized with settling velocities of 0.5, 1 and 2 mm/s 

(representative of floc sizes of approximately 60, 100 and 190 µm). Hydro-meteo forcing 

representing a three-month period in both 2023 and 2024 have been used to assess the 

sensitivity of transport and fate to this forcing.  

 

The main output is the return percentage, i.e., the ratio between the sediment mass 

depositing in the harbour basins and access channels requiring maintenance and the 

released sediment mass ×100%. Seaward locations, especially offshore ones, show a lower 

return percentage than landward locations. The lowest return percentage among inland 

locations was observed at the most downstream location 'I5' (71% to 88%), while offshore 

locations such as 'O6' and 'O7' showed much lower return percentages (9% to 22%). The 

return percentage for the inland locations can be reduced by only releasing fine sediments 

(0.5 mm/s) near the surface (i.e. for near-neutrally buoyant active plumes) and during ebb. In 

this ideal case, the return percentage for óI5ô is reduced to 25% and for óO6ô and óO7ô to only 

3%. However, such optimal conditions are difficult to realise in practice.  

 

These results are intended to support the selection of an optimal release location for dredged 

sediments from the harbours and access channels of the Port of Rotterdam. Based on the 

above findings, two routes can be considered: here. While the return percentage decreases 

with increasing distance offshore, this also results in longer sailing distances; Therefore, an 

appropriate balance must be established between these competing considerations. 

Alternatively, using a less ideal inland location in combination with a sediment trap or an 

innovative release method may also provide a viable solution in the future. 
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1 Introduction 

This report discusses the results of for Work Package 2 (WP2) of the TKI Prisma 3 project. 

WP2 investigates alternative release strategies for sediment dredged in the Port of 

Rotterdam. We investigated different possible strategies by modelling them using a dedicated 

Delft3D-FM sediment transport model. This model has been developed in Work Package 1 

(WP1) of TKI PRISMA 3 (van Keulen et al., 2025). In WP1, this model was applied to 

compute the sediment plume dispersion after release of dredged sediments at a pilot release 

site in the Nieuwe Waterweg (NWW).  

 

In this particular study, the sediment transport model is used to compute sediment plume 

dispersion at 12 other release locations, both at sea (7) and in the NWW (5), and to quantify 

fate and return percentages to navigation channels and harbour basins. The overall objective 

is to determine the fate of dredged sediment as a function of release location and to 

determine the most favourable location(s) with regard to (minimal) return percentage. Apart 

from release location, other variables have been considered in this modelling study. These 

are:  

 

Å Tidal phasing of release 

Å Settling velocity of sediment 

Å Near-bed or near-surface release 

Å Ambient hydrodynamic forcing 

 

One of the release locations at sea is the Verdiepte Loswal, which is the location where 

dredged sediment is currently released. This will serve as a benchmark case to compare the 

other locations to. 

 

The setup of this report is as follows. The methods used in this study, notably the sediment 

transport model, are discussed in Chapter 2. The scenarios are discussed in more detail in 

Chapter 3. Scenario results are presented in Chapter 4. A discussion of these results and 

their sensitivity to the investigated variables is given in Chapter 5, followed by overall 

conclusions and recommendations in Chapter 6.  
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2 Methods 

For this study a 3D sediment transport model for the harbour region, i.e. the Delwaq OSR-

NSC model previously employed in WP1, has been used. This model is a part of a 

comprehensive modelling chain, incorporating the SIMONA OSR-Harbour (Operationeel 

Stromingsmodel Rotterdam) and Delft3D4 OSR-NSC models, which provide essential 

boundary conditions, hydrodynamic, and meteorological forcings to the sediment transport 

model. The set-up of the SIMONA OSR-Harbour model can be found in previous studies by 

Kranenburg (2014 and 2015). The sediment transport model was originally developed and 

reported in Cronin et al. (2019). In the PRISMA 3 project, it was validated against 

observations of background sediment dynamics and plume dispersion. Detailed model 

specifications are available in the WP1 report (van Keulen et al., 2025). The model domain is 

illustrated in Figure 1. 

 

 
Figure 1. Overview of the domain from the SIMONA OSR-Harbour model (dark blue) and nested smaller domain 

from the Delwaq OSR-NSC model (light blue). 

 

The most important choices for the present study are:  

 

Simulation period 

The simulated period is set to 3 months. During this period, hydrodynamic and meteorological 

forcings are applied to the model which then drive the propagation of tidal currents, wave 

dynamics and sediment transport processes. To align with the long-term measurements 

carried out in WP1, two 3-month periods have been modelled. The first period ranges from 

29/7/2023 until 1/11/2023, while the second period ranges from 1/5/2024 until 1/8/2024. 

 

The chosen period is a compromise, as one could argue for choosing both a shorter (e.g., a 

spring-neap cycle) or longer simulation period (months to years). Using a shorter period 

would enable a fully coupled hydrodynamic and sediment transport model, including the 

effect of sediment-induced density currents. Although this is essential for near-field plume 
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modelling, it is not for far-field modelling when the sediment plume is sufficiently diluted to 

make sediment-induced density gradients small compared to salinity-induced density 

gradients. A shorter period has the limitation that the median travel time of a sediment 

particle from the release point back to harbour basins may be exceeded. This would result in 

an underestimation of the return percentage. Additionally, a shorter period would include less 

hydro-meteorological variations. This limits the investigation of impact on these variations on 

the return percentage. Even a 3-month period is insufficient to capture the full travel time 

distribution and full hydro-meteo variability, but a longer period requires more computational 

time and would also require an extension of the model domain (see discussion on model 

boundaries). The consequences of opting for this simulation period are discussed in the 

results chapter.  

 

Sediment properties 

The sediment properties are as specified in the WP1 report. The released sediment can have 

the settling velocities of 0.5, 1 or 2 mm/s depending on the scenarios (which roughly 

corresponds to floc sizes of 60,100 and 190 µm, respectively). The settling velocity and the 

associated size can be considered as the averaged properties of a mixture of clay, silt and 

fine sand. Changes in these properties indicate the changes in the sediment mixture 

composition. Suspended sediment concentration (SSC), residual transport and deposition are 

sensitive to changes in settling velocities. In this study, in each simulation, three sediment 

releases occur, each with an identical release rate of 3,000 tons per tide. However, each 

release is assigned a different settling velocity ð either 0.5 mm/s, 1.0 mm/s, or 2.0 mm/s. 

This setup effectively simulates three different scenarios within a single run, allowing for a 

direct comparison of how varying settling velocities influence sediment transport and 

deposition patterns. 

 

Model boundaries 

As only released sediments and no background sediments are modelled in this study, the 

model boundaries are set at SSC = 0. However, to allow for a partial re-entry at ebb of 

sediment plumes that have left the model domain at flood, the Thatcher-Harleman time lag of 

the model boundaries has been set at 3h, which is a default choice for these tidal conditions. 

Due to diffusive transport processes in nature, the complete return of the outgoing flux is not 

expected. 

 

Sediment release 

Sediment release has been implemented as point sources at specific locations (release 

locations) in the model. The release rate is derived from the field data. The cell volume is 

such that sufficient dilution occurs to be representative for passive plume dispersion. For 

details on sediment mass fluxes for continuous and tide-dependent releases see Chapter 3. 

Both near-surface and near-bed releases are modelled. Though we can model it numerically, 

it remains to be seen whether a near-surface release is realistic. In reality, the plume tends to 

sink quickly to the bed before reaching the passive plume phase, unless the plume is 

negatively buoyant or strongly diluted.  

 

Release locations 

This study considers both inland and offshore release locations. The inland release locations 

are found along different stretches of the NWW, while the offshore locations are located in 

the North Sea. Release scenarios with a specified tidal window have their release window at 

ebb flow in the NWW (i.e. seawards) and at flood at the North Sea (i.e. northwards), so 

always directed away from the main dredging areas.  
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Quantifying sediment fluxes 

To quantify the sediment fluxes for each model scenario, the following model output is used:  

Å The mass balance zones defined in the model 

Å Mass in suspension and mass in bed 

Å Return percentage, i.e. mass in bed in maintenance areas over the total released 

mass 

Å Bed mass ratio, i.e. the mass in bed in maintenance areas over the mass (in bed plus 

in suspension) in the entire model domain after 3 months. 

 

These outputs are discussed in more detail in the next chapter.  
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3 Scenarios 

Several key factors influence the transport and fate of the released sediment. The most 

important ones are the release location, tidal phasing, release method (near the surface or 

near the bottom), and the properties of the sediment such as the settling velocity.  

 

The model scenarios are designed to systemically vary these factors. This enables us to 

separate the effect of each factor. Furthermore, we discussed the scenarios with the involved 

consortium partners and have incorporated their advice to come up with a final set of 

scenarios. The details of these scenarios are presented in the following sections. 

 

3.1 Overview of scenarios 

3.1.1 Release locations (inland and offshore) 

 

Inspired by the current practice and the pilot carried out in WP1 of TKI PRISMA 3, two types 

of release locations are defined. These are the inland locations, located in the NWW, and the 

offshore locations located in the North Sea. Figure 2 and Figure 3 show the names and the 

locations of these release points, and their coordinates can be found in Table 1. In total, we 

have defined 7 offshore locations (named óO1ô until óO7ô) and 5 inland locations (óI1ô until óI5ô). 

 

 
Figure 2. The offshore release locations O1-O7 (marked by red dots) and the station Zandwingebied Nzee 

(marked by black triangle). 

 

Zandwingebied Nzee 
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Figure 3. The inland release locations I1-I5 (marked by red dots) and the station Maassluis (marked by black 

triangle). 

 

Table 1. The coordinates of the release locations. 

Location 

name 
X (m RD) Y (m RD) Type 

ID in the 

model grid 

Segment 

number    

(near-surface) 

Segment 

number   

(near-bed) 

I1 89351.48 435296.8 Inland obs_47_389 7378 323890 

I2 84879.73 434985.9 Inland obs_48_341 7266 323778 

I3 79975.09 434776.4 Inland obs_48_277 7539 324051 

I4 74689.09 438749.1 Inland obs_47_228 2985 319497 

I5 67526.26 443985 Inland obs_47_116 2922 319434 

O1 62973.87 446061.8 offshore obs_44_59 2935 319447 

O2 65957.08 446941.3 offshore obs_24_78 1526 318038 

O3 63581.41 449134.4 offshore obs_24_45 3923 320435 

O4 60905.02 451229.1 offshore obs_24_28 8040 324552 

O5 58564.49 451451.8 offshore obs_33_21 8104 324616 

O6 59971.44 453090.5 offshore obs_19_21 2952 319464 

O7 57995.19 453652.1 offshore obs_24_15 5661 322173 

 

Maassluis 
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3.1.2 Near-surface and near-bed 

 

This study investigates two release methods at each designated release location: near-

surface and near-bed. The numerical model employs a sigma grid comprising 10 vertical 

layers. To accurately represent these release scenarios, we specify a single cell as the point 

source for near-surface release in layer 1, while for near-bed releases, it is positioned in layer 

10. The near surface and near-bed segment (cell) numbers used in the model can be found 

in Table 1.  

 

3.1.3 Tide-independent and tide-dependent 

 

To assess the transport and fate of the released sediment, two distinct release strategies 

were modelled, each using the same target release rate of 3.0×106 kg dry sediment mass per 

tide, or 3000 tons per tide or 2.2 million tons per year. 

 

a). Tide-Dependent Release Strategy 

 

This approach acknowledges the significant influence of tidal phasing on sediment 

transport. A consistent release volume of 3000 tons is maintained per tide, but the timing of 

the release is synchronized with specific tidal phases.  

 

At the inland locations, sediment is released during the ebb tide, specifically within a 4-

hour window commencing at the start of the ebb phase. This strategy aims to maximize 

seaward transport of sediment.  

 

At the offshore locations, sediment is released during the flood tide, within a 4-hour window 

at the start of the flood phase, when the flow is directed northward. This is designed to 

utilize the flood current for dispersal in the desired direction, which is away from the 

harbour. This tidal dependency ensures that sediment is transported efficiently and 

predictably, minimizing inland accumulation.  

 

Because the hydrodynamics are reproduced well by the model (van Keulen et al., 2025), 

the starting moment of each sediment release at the inland locations is determined using 

the modelled depth-averaged along-channel velocity at a station near Maassluis (Figure 4). 

In Figure 4, a negative velocity means ebb. Hence, the beginning of ebb tide can be 

selected by searching for the transition from positive to negative velocities during each 

cycle. Similarly, the start of each sediment release at the offshore locations is determined 

by selecting the beginning of each flood tide based on the modelled depth-averaged 

velocity at Zandwingebied Nzee (Figure 5). The direction of the velocity is longshore, 

negative means flood velocity. The locations of the stations Maassluis and Zandwingebied 

Nzee are indicated in Figure 2 and Figure 3 respectively. 

 

b). Tide-Independent Release Strategy 

 

This approach provides a baseline scenario, removing the variable of tidal influence. 

The same 3000-ton release volume is maintained, but it is distributed over a 12-hour 

period, creating a continuous release over the simulation period.  

 

By implementing these two distinct release strategies, the study aims to assess the impact of 

tidal phasing. The detailed configuration of the release point can be found in Table 2.  
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Figure 4. The modelled depth-averaged along-channel velocity at Maassluis in 2024. The symbols mark the 

beginning of ebb tide. Negative means ebb velocity. The interval of the timeseries is 10 min. 

 
Figure 5. The modelled depth-averaged along-channel velocity at Zandwingebied Nzee in 2024. The symbols 

mark the beginning of flood tide. Negative means flood velocity. The interval of the timeseries is 10 min. 

 

Table 2. The release strategy and the configuration of the point source. 

Release Strategy 
Target tidal release 

rate 

Resulting sediment 

flux during release 
Duration 

Tide-dependent 3.0 × 106 kg dry 

sediment mass per tide 

208.33 kg/s 

4 hours starting from 

beginning of ebb tide 

(inland locations) or flood 

tide (offshore locations) 

Tide-independent 69.44 kg/s Continuously 
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3.1.4 2024 forcing and 2023 forcing 

 

The hydrodynamic forcings are important for understanding transport and fate of the release 

sediment. The dynamic coastal environment is influenced by several key factors, including 

upstream discharge from major rivers, tidal currents, wave-induced processes, and mixing of 

saline and freshwater. These forces play a pivotal role in the transport of sediments, and thus 

affecting maintenance dredging requirements in the port. Two distinct periods are selected in 

the sensitivity analysis, from 29 July till 1 November in 2023, and from 1 May till 1 August in 

2024, the latter is considered as the reference since the model has been validated 

extensively within this period.  

 

As can be seen in Figure 6 and Figure 7, the most distinctive difference in the hydrodynamic 

conditions between the two periods is the upstream discharge. In 2024, the discharge at Tiel, 

which has the largest contribution to the freshwater inflow, is in general above 1600 m3/s 

throughout the simulation period and two flush events can be observed in May - June, 

whereas in the period in 2023, the discharge at Tiel is always below 1600 m3/s and remains 

relatively stable.  

 

Compared to the substantial variations observed in freshwater discharge, the wave climate 

demonstrated relatively consistent characteristics. Significant wave heights recorded at 

Europlatform, spanning 0 to 4 meters in both analysed periods, revealed a notable increase 

in peak occurrences during 2023, indicative of a higher frequency of potential storm events. 

Furthermore, water level measurements at Hoek van Holland exhibited greater variability in 

2023 than in 2024, a trend that aligns with the observed wave height patterns. This disparity 

can likely be attributed to seasonal influences, as the 2023 period encompassed autumn 

months, while the 2024 period occurred during the summer.   
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Figure 6. The hydrodynamic conditions in the simulation period in 2024. 
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Figure 7. The hydrodynamic conditions in the simulation period in 2023. 

 

In the result analysis in Chapter 4, the period in 2024 is considered as the reference when 

investigating the influence of hydrodynamic forcing. This is because the WP1 pilot was 

actually carried out in 2024. 

3.1.5 Sediment with different settling velocity 

 

To assess the influence of sediment settling velocity on dispersal patterns, three different 

values ð 2 mm/s, 1 mm/s, and 0.5 mm/s ð were used at each release location. The settling 

velocities roughly corresponds to the mean sediment size of 190, 100 and 60 µm, 

respectively, according to the settling velocity-floc size relationship stated in Winterwerp 

(1998). It is noted that the relation between floc size and settling velocity strongly depends on 

floc shape and density. These simulations were performed under identical release 

configurations, such as near-surface or near-bed releases, tidal phasing, and hydrodynamic 

forcing. 



 

 

 

18 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

 

3.1.6 List of the simulations 

 

The components defined within the scenarios were systematically combined and varied to 

generate the set of simulations detailed below (Table 3). For each simulation, three 

independent sediment releases were modelled using settling velocities of 2 mm/s, 1 mm/s, 

and 0.5 mm/s. 

   

Table 3. The overview of the simulations. 

forcing period 
release 

method 
tidal phasing 

release 

location 

Settling 

velocity 

number of 

simulations 

2024 near-surface optimized inland (I1-I5) 
2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2024 near-surface optimized 
offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2024 near-surface 
tidal-

independent 
inland (I1-I5) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2024 near-surface 
tidal-

independent 

offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2024 near-bed optimized inland (I1-I5) 
2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2024 near-bed optimized 
offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2024 near-bed 
tidal-

independent 
inland (I1-I5) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2024 near-bed 
tidal-

independent 

offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2023 near-surface optimized inland (I1-I5) 
2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2023 near-surface optimized 
offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2023 near-surface 
tidal-

independent 
inland (I1-I5) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2023 near-surface 
tidal-

independent 

offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2023 near-bed optimized inland (I1-I5) 
2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2023 near-bed optimized 
offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

2023 near-bed 
tidal-

independent 
inland (I1-I5) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
5 

2023 near-bed 
tidal-

independent 

offshore (O1-

O7) 

2 mm/s, 1 mm/s, 

and 0.5 mm/s 
7 

total number of simulations 96 
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4 Results 

4.1 The performance of the model 

 

The sediment transport model employed in the sensitivity analysis was validated against 

monitoring data, with detailed results documented in the WP1 report (van Keulen et al., 

2025).  

 

Validation of modelled hydrodynamics showed a strong agreement between model output 

and measured data for both water levels and flow velocities. Furthermore, the model 

accurately reproduced salinity mixing patterns observed at multiple monitoring stations. 

 

The sediment dynamics simulated by the model were also compared to measured data. 

While the model overestimated the SSC near the bed, it still showed reasonable sediment 

transport patterns, and successfully captured the primary trends in the observed data, such 

as the long-term trend and the response of peak concentrations to the flood/ebb velocities. 

Notably, the simulated sedimentation rates within harbour basins closely aligned with real-

world observations. An example of the model validation can be seen in Figure 8. 
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Figure 8 The measured water level, temperature, salinity, SSC and velocity compared to the model results at 

long-term monitoring frame PD. 

4.2 Overview of scenario results 

 

As briefly mentioned in §2, several indicators are computed based on the model results, and 

aggregated into basin-scale (i.e. the mass balance zones as indicated in Figure 9), in order to 

show the fate of the released sediment in the scenarios. These indicators are defined below. 

 

Å Mass in suspension Msusp(t, a): the sediment mass in suspension at time t in the mass 

balance area a. 

Å Mass in bed Mbed(t, a): the sediment mass in bed at time t in mass balance area a. 

Å Return percentage Pr (a) = Mbed(tend, a) / Mreleased: the sediment mass in bed at the end of 

the simulation tend divided by the total released sediment mass Mreleased. 

Å Bed mass ratio Pbed (a) = Mbed(tend, a) / Mremaining: the sediment mass in bed at the end of 

the simulation divided by the remaining sediment mass Mremaining (mass in bed plus mass 

in suspension) over the entire model domain. 
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Based on the above definitions, assuming the area index a in Table 4, the return percentage 

to the seaward ὖȟ and to landward basins ὖȟ can be defined as: 

ὖȟ ὖὥ ρ 

ὖȟ ὖὥ ς 

And the total return percentage ὖȟ: 

ὖȟ ὖȟ ὖȟ σ 

 

The return percentage is one of the most important indicators for evaluating the performance 

of release locations. For a better overview of the scenario results, the return percentage has 

been integrated into three categories, i.e. seaward basins, landward basins, and sum of the 

two, according to Table 4.  

 

 
Figure 9. The mass balance zones defined in the model domain. 

 

Table 4. The mass balance zones and their indexes used in the model analysis. 

Sea Seaward basins Landward basins Others 

1. North Sea 2. Maasmond 7. Botlek 13. Inland river system 

 3. Nieuw Waterweg 8. Inner Area West  

 4. Maasvlakte 9. Inner Basins  

 5. Calandkanaal 10. Inner Area East  

 6. Hartelkanaal 11. Eem-Waalhaven  

  12. Pernis  
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4.2.1 Results of 2024 simulations 

 

The overview of the total return percentages are shown in Table 5. The column names 

indicate the different scenarios. Here, ótopô means releasing near the surface, óbotô releasing 

near the bed, óoptimized_phasingô releasing near the during ebb tide, ótide_independentô 

releasing continuously, óIM1ô a settling velocity of 2 mm/s, óIM2ô a settling velocity of 1 mm/s, 

and óIM3ô a settling velocity of 0.5 mm/s.  

 

Table 5 summarizes how much sediment returns to the seaward and the landward basins in 

total (zones 2-12 in Table 2) after 3-month simulations. Generally speaking, releasing the 

sediment near the surface is favourable, especially when the sediment has a low setting 

velocity. The best inland release scenario is to release fine sediment (with settling velocity of 

0.5 mm/s) near surface during ebb tide at the location óI5ô in the Maasmond. In this case, the 

total return percentage (compared to the total release sediment) is 24.77%. However, the 

best inland release location is still outperformed by all the offshore release locations. Under 

the same combinations (releasing the sediment near-surface during ebb tide), the return 

percentages at óO6ô, óO7ô, óO4ô (Verdiepte Loswal) and óO5ô are all below 10%. It is also clear 

that further offshore, less sediment returns to the port area.  

 

Table 6 shows the return percentages for the landward basins (Table 4) only, for the 2024 

simulations. For the inland release locations, surface release at the most downstream 

location óI5ô is preferable. The optimal result of 5.56% can be achieved by releasing sediment 

with settling velocity 0.5 mm/s during ebb tide, but in this case, there is still about 19.21% 

mass deposited in the seaward basins. In contrast, all the offshore locations give much lower 

return percentages in the landward basins, which is as expected. 

 

The return percentages of the release sediment to the seaward basins are summarized in 

Table 7. It is obvious that the when the release locations are close to the seaward basins, 

more sediment can be trapped there. Amount all the release locations, I4, I5, O1 and O2 

often lead to higher return percentages. It is also observed that when the settling velocity 

becomes smaller, less sediment returns to the seaward basins, which implies that sediment 

becomes more dispersive, hence can be transported further downstream. It is interesting to 

note that O2 is located near the beach and away from the entrance to the channel, but 

sediment can still return via longshore transport.  

 

The return percentages from all the release locations to the landward and seaward basins (as 

shown in Table 6 and Table 7) are compiled and interpolated over a broader area, as 

illustrated in Figure 10 and Figure 11. The values in the map indicate the return percentages 

to the landward basins (X, Y, Pr,l) or to the seaward basins (X, Y, Pr,s) if releasing sediment at 

that specific location (X, Y).  

 

The red dots indicate the release locations that have been investigated. Because the release 

locations are mainly located in the red polygons, given the complexity of the mixing process 

and the spatial variations in hydrodynamics, the interpolated return percentages are 

considered valid only within the polygon. The interpolation method (inverse distance) does 

not take into account the costal structures such as breakwater, however, the interpolated 

value decays rapidly when it is away from the release locations especially if there is any 

abrupt change (caused by the breakwater for instance). 

 

It can be seen in Figure 10 that the four offshore locations (óO6ô, óO7ô, óO4ô (Loswal) and óO5ô) 

fall into the 5% zone, which means if releasing sediment (with settling velocity ranging from 
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0.5 to 2.0 mm/s) near the surface during ebb tide at these locations, less than 5% of the 

released sediment would return to the landward and seaward basins. Similarly, Figure 11 

shows releasing in the same way, the return percentage from these locations to the seaward 

basins would be less than 15%. For other locations, if they are located upstream in the 

harbour, much higher sedimentation would occur in the landward basins; if they are close to 

the Maasmond, more sediment would be trapped in the seaward basins such as the 

Maasvlakte.  

 

Table 5. The total return percentages Pr,t (to the seaward plus to the landward basins) derived from 2024 

simulations. The distance to the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 88.5 91.5 86.7 89.7 92.3 87.6 

I2 (21.8 km) 90.8 92.5 79.5 91.4 93.7 82.3 

I3 (26.7 km) 92.2 91.6 66.6 92.8 92.6 74.2 

I4 (32.3 km) 95.1 85.2 50.0 94.1 89.5 60.7 

I5 (40.3 km) 85.1 53.3 24.8 91.1 69.6 35.4 

O1 (45.3 km) 52.4 34.8 21.2 55.2 38.4 24.2 

O2 (42.7 km) 36.5 32.8 24.7 50.7 42.3 27.6 

O3 (45.6 km) 27.2 22.4 15.3 39.6 31.4 19.5 

O4 (48.8 km) 12.9 13.2 9.5 27.4 21.9 12.5 

O5 (50.4 km) 14.7 12.1 6.9 23.7 15.1 6.9 

O6 (51.1 km) 7.4 6.3 3.1 19.9 14.3 6.3 

O7 (52.4 km) 9.6 6.4 2.7 18.9 11.3 4.2 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 89.8 92.4 87.9 87.2 90.9 87.4 

I2 (21.8 km) 67.5 77.2 78.8 67.8 77.1 78.6 

I3 (26.7 km) 89.6 91.4 83.3 88.3 90.4 84.1 

I4 (32.3 km) 90.8 91.8 77.5 90.7 91.6 80.0 

I5 (40.3 km) 84.0 85.9 69.5 87.3 88.3 70.9 

O1 (45.3 km) 62.7 45.5 27.3 73.4 58.4 40.2 

O2 (42.7 km) 40.5 38.5 31.6 46.5 43.0 33.1 

O3 (45.6 km) 36.9 34.3 26.1 40.6 35.7 26.1 

O4 (48.8 km) 20.9 21.7 15.0 26.5 25.9 18.2 

O5 (50.4 km) 23.2 18.6 10.6 26.6 20.7 12.1 

O6 (51.1 km) 17.7 15.7 9.7 22.1 18.8 11.6 

O7 (52.4 km) 19.0 14.0 7.2 21.7 16.6 9.1 
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Table 6. The return percentages Pr,l (to the landward basins) derived from 2024 simulations. The distance to 

the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 84.0 84.6 71.9 86.0 86.5 74.2 

I2 (21.8 km) 73.8 73.6 55.2 81.9 80.5 61.6 

I3 (26.7 km) 56.3 60.7 37.1 67.9 68.3 45.7 

I4 (32.3 km) 45.8 42.5 20.7 54.2 55.8 32.3 

I5 (40.3 km) 16.3 12.8 5.6 28.2 25.6 11.1 

O1 (45.3 km) 4.3 5.2 3.2 4.7 5.9 3.7 

O2 (42.7 km) 3.2 5.0 3.8 4.1 6.4 4.2 

O3 (45.6 km) 2.2 3.4 2.3 3.2 4.7 2.9 

O4 (48.8 km) 1.0 2.0 1.4 2.0 3.1 1.7 

O5 (50.4 km) 1.1 1.7 0.9 1.7 2.1 0.9 

O6 (51.1 km) 0.5 0.9 0.4 1.5 2.0 0.8 

O7 (52.4 km) 0.7 0.9 0.4 1.3 1.6 0.6 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 85.7 86.6 75.0 83.7 85.8 75.5 

I2 (21.8 km) 62.6 70.1 65.1 63.9 71.2 66.3 

I3 (26.7 km) 69.2 71.9 59.3 73.1 75.6 63.3 

I4 (32.3 km) 52.9 63.6 49.9 55.5 66.3 53.9 

I5 (40.3 km) 35.0 46.5 36.3 38.5 49.8 37.6 

O1 (45.3 km) 6.0 7.7 4.6 8.1 11.0 7.6 

O2 (42.7 km) 3.4 5.8 4.8 3.8 6.5 5.1 

O3 (45.6 km) 2.9 5.1 3.9 3.2 5.5 4.0 

O4 (48.8 km) 1.6 3.1 2.0 2.0 3.7 2.4 

O5 (50.4 km) 1.7 2.6 1.4 1.9 2.9 1.6 

O6 (51.1 km) 1.3 2.2 1.3 1.6 2.6 1.5 

O7 (52.4 km) 1.3 1.9 0.9 1.6 2.3 1.2 
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Table 7. The return percentages Pr,s (to the seaward basins) derived from 2024 simulations. The distance to 

the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 4.5 6.9 14.8 3.7 5.8 13.5 

I2 (21.8 km) 17.0 18.9 24.3 9.5 13.2 20.7 

I3 (26.7 km) 35.9 30.9 29.5 24.9 24.3 28.6 

I4 (32.3 km) 49.3 42.6 29.3 39.9 33.7 28.4 

I5 (40.3 km) 68.8 40.5 19.2 63.0 44.0 24.3 

O1 (45.3 km) 48.1 29.6 18.0 50.5 32.5 20.4 

O2 (42.7 km) 33.3 27.8 20.9 46.6 35.9 23.4 

O3 (45.6 km) 25.1 19.1 13.0 36.4 26.7 16.6 

O4 (48.8 km) 11.9 11.2 8.1 25.3 18.8 10.8 

O5 (50.4 km) 13.6 10.4 6.0 22.0 13.0 6.0 

O6 (51.1 km) 6.9 5.4 2.7 18.4 12.3 5.5 

O7 (52.4 km) 8.9 5.5 2.3 17.5 9.8 3.7 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 4.1 5.8 12.9 3.5 5.1 11.9 

I2 (21.8 km) 4.9 7.0 13.8 4.0 5.9 12.3 

I3 (26.7 km) 20.4 19.5 24.1 15.2 14.9 20.8 

I4 (32.3 km) 37.9 28.2 27.7 35.3 25.3 26.1 

I5 (40.3 km) 49.0 39.4 33.2 48.9 38.6 33.3 

O1 (45.3 km) 56.7 37.8 22.6 65.3 47.4 32.6 

O2 (42.7 km) 37.1 32.7 26.8 42.7 36.6 28.0 

O3 (45.6 km) 33.9 29.1 22.2 37.4 30.3 22.1 

O4 (48.8 km) 19.4 18.6 13.0 24.5 22.3 15.8 

O5 (50.4 km) 21.5 16.0 9.2 24.6 17.8 10.5 

O6 (51.1 km) 16.4 13.5 8.4 20.5 16.2 10.0 

O7 (52.4 km) 17.6 12.1 6.2 20.2 14.3 7.9 
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Figure 10. The interpolated return percentage to the landward channels and basins under the favourable 

conditions (release near the surface during ebb tide) in 2024. 
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Figure 11. The interpolated return percentage to the seaward channels and basins under the favourable 

conditions (release near the surface during ebb tide) in 2024. 
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4.2.2 Results of 2023 simulations 

 

The return percentages derived from the 2023 simulations are similar to those from the 2024 

simulations. We will go through these results in a similar way as we did for the 2024 results, 

starting with the total return percentage in Table 8 and then presenting the return percentage 

to the landward basins in Table 9. Finally, we present maps with return percentage contours 

for the entire domain in Figure 12 and Figure 13. 

 

The total return percentages and the return percentages to the landward basins are shown in 

Table 8, Table 9 and Table 10. The conclusions stated in Section 4.2.1 still hold: 

 

Å Among the inland locations, release of sediment at the most downstream site óI5ô near the 

surface during ebb tide could result in most efficient seaward transport; 

Å The offshore location performs better that the any of the inland locations. 

Å Among the offshore locations, the total return percentages from near surface ebb release 

at óO6ô, óO7ô, óO4ô (Verdiepte Loswal) and óO5ô are generally below 10%. Their return 

percentages to the landward basins are below 2%. 

 

The compiled and the interpolated return percentages from all the release locations to the 

landward and the seaward basins are shown in Figure 12 and Figure 13. Again, we find that 

the four offshore locations (óO6ô, óO7ô, óO4ô (Verdiepte Loswal) and óO5ô) could be the optimal 

ones among all the candidates. Only about 5% of the released sediment returns to the 

landward basins, while around 10% settles in the seaward basins when released near the 

surface during ebb tide. The different settling velocities only affect local sedimentation but not 

the overall patterns. 
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Table 8. The total return percentages Pr,t (to the seaward plus to the landward basins) derived from 2023 

simulations. The distance to the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 81.2 85.2 87.8 77.7 81.9 85.7 

I2 (21.8 km) 91.7 93.4 86.8 90.6 92.5 88.3 

I3 (26.7 km) 93.8 93.0 76.0 94.2 94.0 82.2 

I4 (32.3 km) 96.2 88.9 60.4 95.3 92.0 71.2 

I5 (40.3 km) 87.5 64.2 35.3 93.0 76.9 47.3 

O1 (45.3 km) 48.2 41.0 31.7 55.3 45.8 33.6 

O2 (42.7 km) 26.8 29.7 26.9 44.0 44.4 34.1 

O3 (45.6 km) 22.9 22.1 16.9 34.6 32.5 23.7 

O4 (48.8 km) 8.4 9.9 8.4 17.0 16.5 11.6 

O5 (50.4 km) 7.4 7.5 5.8 12.7 11.3 7.1 

O6 (51.1 km) 4.2 4.6 3.3 10.1 9.8 6.2 

O7 (52.4 km) 4.1 3.8 2.4 8.2 7.1 3.9 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 70.9 76.4 81.8 66.7 73.0 79.6 

I2 (21.8 km) 62.5 71.5 79.1 63.9 72.9 80.0 

I3 (26.7 km) 90.7 92.5 88.6 90.3 92.2 89.4 

I4 (32.3 km) 93.2 93.3 84.4 93.8 93.8 86.4 

I5 (40.3 km) 86.3 87.1 75.2 90.2 90.1 77.7 

O1 (45.3 km) 57.2 48.5 35.4 71.0 62.0 48.1 

O2 (42.7 km) 32.2 35.9 34.5 40.6 43.7 38.7 

O3 (45.6 km) 29.6 31.8 26.8 35.3 35.7 29.0 

O4 (48.8 km) 11.9 13.2 10.5 17.2 18.9 15.2 

O5 (50.4 km) 10.7 10.8 8.0 13.8 14.1 10.4 

O6 (51.1 km) 7.9 8.1 6.0 10.7 11.0 8.3 

O7 (52.4 km) 7.2 6.8 4.6 9.4 8.9 6.3 
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Table 9. The return percentages Pr,l (to the landward basins) derived from 2023 simulations. The distance to 

the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 81.0 84.2 82.7 77.5 81.3 82.2 

I2 (21.8 km) 84.1 83.0 71.7 87.4 86.7 77.6 

I3 (26.7 km) 69.1 71.7 52.8 78.0 78.2 61.6 

I4 (32.3 km) 59.7 55.8 33.3 66.5 67.5 47.6 

I5 (40.3 km) 26.2 20.6 10.9 39.2 35.0 19.8 

O1 (45.3 km) 6.0 8.1 6.9 7.3 9.2 7.3 

O2 (42.7 km) 3.3 6.0 6.1 5.4 8.7 7.4 

O3 (45.6 km) 3.3 4.7 3.9 4.8 6.9 5.3 

O4 (48.8 km) 1.1 2.1 1.9 2.3 3.3 2.5 

O5 (50.4 km) 1.0 1.5 1.3 1.7 2.2 1.5 

O6 (51.1 km) 0.6 0.9 0.7 1.3 2.0 1.3 

O7 (52.4 km) 0.6 0.8 0.5 1.1 1.4 0.8 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 70.8 76.0 79.4 66.6 72.7 77.6 

I2 (21.8 km) 62.2 70.6 75.7 63.6 72.2 76.9 

I3 (26.7 km) 77.9 80.7 74.3 81.3 83.7 77.5 

I4 (32.3 km) 65.2 73.2 64.5 68.3 76.1 68.3 

I5 (40.3 km) 44.9 54.0 47.3 49.9 58.5 50.1 

O1 (45.3 km) 8.4 10.8 8.5 11.6 15.0 12.4 

O2 (42.7 km) 4.0 7.1 7.7 5.0 8.5 8.5 

O3 (45.6 km) 4.2 6.9 6.2 4.9 7.7 6.7 

O4 (48.8 km) 1.6 2.7 2.3 2.3 3.8 3.2 

O5 (50.4 km) 1.4 2.2 1.7 1.8 2.8 2.2 

O6 (51.1 km) 1.1 1.7 1.3 1.4 2.2 1.8 

O7 (52.4 km) 1.0 1.4 1.0 1.2 1.8 1.4 
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Table 10. The return percentages Pr,s (to the seaward basins) derived from 2023 simulations. The distance to 

the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 0.2 1.0 5.1 0.1 0.6 3.5 

I2 (21.8 km) 7.6 10.3 15.0 3.2 5.8 10.7 

I3 (26.7 km) 24.7 21.2 23.2 16.2 15.8 20.6 

I4 (32.3 km) 36.5 33.0 27.1 28.8 24.5 23.7 

I5 (40.3 km) 61.3 43.6 24.4 53.8 42.0 27.5 

O1 (45.3 km) 42.2 32.9 24.8 48.0 36.6 26.3 

O2 (42.7 km) 23.4 23.7 20.8 38.6 35.7 26.7 

O3 (45.6 km) 19.6 17.4 13.0 29.8 25.6 18.3 

O4 (48.8 km) 7.3 7.9 6.5 14.7 13.2 9.1 

O5 (50.4 km) 6.4 6.0 4.6 11.0 9.0 5.6 

O6 (51.1 km) 3.6 3.6 2.6 8.7 7.8 4.8 

O7 (52.4 km) 3.6 3.0 1.9 7.1 5.6 3.0 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 0.1 0.4 2.4 0.1 0.3 2.0 

I2 (21.8 km) 0.3 0.9 3.5 0.2 0.7 3.1 

I3 (26.7 km) 12.8 11.8 14.4 9.0 8.4 11.9 

I4 (32.3 km) 28.0 20.1 19.8 25.5 17.7 18.2 

I5 (40.3 km) 41.4 33.1 27.9 40.3 31.6 27.6 

O1 (45.3 km) 48.7 37.7 26.9 59.4 47.0 35.6 

O2 (42.7 km) 28.2 28.8 26.7 35.6 35.1 30.2 

O3 (45.6 km) 25.4 24.9 20.6 30.4 28.0 22.3 

O4 (48.8 km) 10.3 10.5 8.2 14.9 15.1 11.9 

O5 (50.4 km) 9.2 8.6 6.2 11.9 11.3 8.2 

O6 (51.1 km) 6.8 6.4 4.7 9.3 8.8 6.5 

O7 (52.4 km) 6.2 5.4 3.5 7.8 7.1 4.9 
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Figure 12. The interpolated return percentage to the landward channels and basins under the favourable 

conditions (release near the surface during ebb tide) in 2023. 
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Figure 13. The interpolated return percentage to the seaward channels and basins under the favourable 

conditions (release near the surface during ebb tide) in 2023. 
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4.2.3 Bed mass in the domain 

 

In addition to the return percentages reported in §4.2.1 and §4.2.2, the bed mass ratios are 

also computed according to the definition given in the beginning of this chapter. The results 

can be found in Appendix A. The difference between the return percentage and the bed mass 

ratio is that, the mass in bed at the end of the simulation is divided by the remining sediment 

mass in the entire domain, instead of the total released mass. The reason to do that is to 

evaluate the influence of the sea boundaries. When the release location is near the 

boundary, sediment can move out of the domain during certain stages in tide. Although the 

Thatcher-Harleman time lag has been applied to the boundaries and sediment can still return, 

it is still useful to check if the conclusions obtained based on the return percentage are still 

valid.  

 

As can be seen in Table 11, the bed mass ratio is higher than the return percentage in all the 

scenarios. This is because there is always mass leaving the model domain via the sea 

boundaries. It is less for the release at the inland locations because they are far away from 

the sea and more mass remains in the harbour areas. For the offshore locations, the 

influence of the sea boundaries becomes more significant. Even when releasing at the 

furthest offshore location (óO7ô), about 30% - 35% of the remaining mass can be found in the 

harbour area. However, most of it deposits into the seaward basins and the sediment 

returning to the landward basins remains low. Despite the differences between the return 

percentage and the bed mass ratio, the optimal inland and offshore locations remain 

unchanged.  

 

4.3 In-depth analysis of the optimal locations 

The in-depth analysis is based on the results of the 2024 simulations as they are 

representative and similar to the results of 2023 simulations. We focus on the ebb release 

cases for the inland locations and flood release cases for the offshore locations (óoptimized 

phasingô) as they are clearly more favourable than tide-independent release. The effects of 

hydrodynamic forcing and phasing will be discussed in Chapter 5. 

4.3.1 The optimal inland location 

 

In Section 4.1, we concluded that the optimal inland location is óI5ô, downstream in the 

Maasmond. The return percentage in each mass balance zone is computed and shown in 

Figure 14. The complete results for the rest of the scenarios can be found in Appendix B and 

C. Near-surface releases result in more sediment being transported to the North Sea and 

less to the landward basins, e.g. Botlek, Pernis, and Eem-Waalhaven. However, it also leads 

to more local siltation in the Maasvlakte basin, compared to the near-bed release. In case of 

releasing near the surface, the sediment with a settling velocity of 1.0 mm/s is found the most 

in the North Sea area, suggesting settling velocity plays a role in the seaward transport 

efficiency at this specific location. 

 



 

 

 

35 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

 
Figure 14. The return percentages from location óI5ô to each mass balance zone for the 2024 simulation. 

Colour indicates different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

Figure 15 - Figure 17 show the 3-month mean bottom concentration resulting from sediment 

release at location óI5ô. When sediment is released near the bottom at this location, it is 

primarily transported landward by salinity-induced density currents, with the sediment plume 

remaining concentrated within the channels rather than dispersing over broader areas. While 

finer sediments exhibit a tendency to drift more seaward, this effect is much less pronounced 

compared to the near-surface release. 
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Figure 15. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM1 

with settling velocity ws =  2 mm/s at óI5ô near surface (top) and near bed (bottom).  
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Figure 16. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM2 

with settling velocity ws =  1 mm/s at óI5ô near surface (top) and near bed (bottom). 
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Figure 17. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM3 

with settling velocity ws =  0.5 mm/s at óI5ô near surface (top) and near bed (bottom). 

 

Figure 18 and Figure 19 show how the mass in suspension and mass in bed changes over 

the 3-month period in 2024 in the seaward and landward basins. The majority of the released 

sediment is deposited in the seaward basins compared. The mass in bed increases 

gradually, indicating accumulation of sediment in the basins. The settling velocity also plays a 

role here, higher settling velocity (IM1) leads to larger deposition, whereas smaller settling 

velocity (IM3) can enhance the dispersion and reduce the local sedimentation. The 

suspended mass is negligible compared to the mass in bed, it shows an increase in both 

seaward and landward basins, suggesting that model is still evolving towards dynamic 

equilibrium. 
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Figure 18. Timeseries of suspended sediment mass ratio and mass in bed ratio in the seaward basins when 

releasing sediment at óI5ô. 

 
Figure 19. Timeseries of suspended sediment mass ratio and mass in bed ratio in the landward basins when 

releasing sediment at óI5ô. Please note the difference in y-axis scale with Figure 18. 
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4.3.2 The optimal offshore location 

 

Determining the optimal offshore location in reality is challenging because the sailing distance 

increases as the total sediment return percentage decreases. If we solely focus on the return 

percentages without considering the sailing distance, the most seaward location óO7ô results 

in the lowest return percentages (Table 5 and Table 8). Hence it is considered as the optimal 

offshore location. 

 

The return percentage in each mass balance zone is reported in Figure 20. The results for 

the other scenarios can be found in Appendix B and C. As expected, this shows that less 

sediment is being transported landward compared to the inland locations. When releasing 

near the surface, the released sediment returning to the harbour is generally below 5%, with 

most of it depositing in the Maasmond and Maasvlakte basins. If releasing near the bottom, 

the return percentages increase, but are still below 8%. We observe that less sediment 

remains in the domain if we apply a near-surface release. This indicates that more sediment 

could be transported through the sea boundaries compared to near-bed releases. At this 

location, there is a clear trend in the effect of settling velocity. Finer sediment appears to be 

more dispersive and less concentrated in the any of the zones. 

 

 
Figure 20. The return percentages from location óO7ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

The 3-month mean bottom sediment concentration can be seen in Figure 21 - Figure 23. The 

overall sediment concentration in the harbour area is much lower when releasing sediment at 

óO7ô. It is also found that sediment can also accumulate in front of Haringvliet especially when 

sediment is released near the bottom, suggesting the sediment might stay longer near the 

bottom and move towards west of the harbour during ebb tide. 
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Figure 21. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM1 

with settling velocity ws =  2 mm/s at óO7ô near surface (top) and near bed (bottom). 
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Figure 22. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM2 

with settling velocity ws =  1 mm/s at óO7ô near surface (top) and near bed (bottom). 
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Figure 23. The 3-month mean bottom sediment concentration in 2024 as a result of releasing sediment IM3 

with settling velocity ws =  0.5 mm/s at óO7ô near surface (top) and near bed (bottom). 

 

The timeseries of mass in suspension and mass in bed in the seaward and landward basins 

are shown in Figure 24 and Figure 25. When releasing at óO7ô, the sediment mass 

accumulates much slower in any of the basins. At the end of the 3-month period, there is 

about 9% mass found in the seaward basins, and 0.9% in the landward basins. This is 

significantly smaller than releasing at the optimal inland location óI5ô. This also suggests that 

the offshore location results in much less sediment mass in the model domain. 
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Figure 24. Timeseries of suspended sediment mass ratio and mass in bed ratio in the seaward basins when 

releasing sediment at óO7ô. 

 
Figure 25. Timeseries of suspended sediment mass ratio and mass in bed ratio in the landward basins when 

releasing sediment at óO7ô. Please note the difference in y-axis scale with Figure 24. 



 

 

 

45 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

 

4.3.3 Comparison with previous data 

 

Our modelling study is a comparative study in which return percentages are evaluated 

relative to each other and not in absolute terms. However, to check if the computed return 

percentages are the right order of magnitude, we compare it with previous studies.  

 

For validation, results for location óO4ô (Verdiepte Loswal) are compared with return 

percentages for the same location, as obtained in previous studies. According to Table 5, the 

overall return percentage is 26% after 3 months. Overall, this percentage falls within the 

bandwidth of previous studies (e.g. Stutterheim, 2002). If we compare it to the large-scale 

and long-term model study by Hendriks and Schuurman (2017), we find that our percentage 

is substantially lower than the percentage of 36% they obtained. The latter study had the 

advantages of a large domain and a long simulation period (of multiple years) sufficient to 

reach a dynamic equilibrium of the released sediment distribution in the coastal zone. 

However, it had the disadvantage of a rather coarse model resolution compared to the 

present model, making it unsuitable for the assessment of release locations in the Nieuwe 

Waterweg.  
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5 Discussion 

The scenarios studied in this report are carried out with the model developed in TKI PRISMA 

3 WP1. Hence, they share the advantages and disadvantages of the base model. As 

illustrated in the WP1 report (van Keulen et al., 2025), the hydrodynamics are accurately 

modelled, in general the sediment concentration follows the rhythm of ebb and flood tides. 

However, SSC is likely overestimated, which in turn may lead to an overestimated sediment 

import into the harbour area.  

 

However, in the sensitivity analysis, the absolute values of sediment concentration and 

sediment mass in bed are of secondary importance, the differences in the fate of sediment 

between different release locations are still valuable and can provide insights in the 

performance of each location.  

 

5.1 Sensitivity for location 

In the study, two groups of locations have been investigated, 5 of them located inland and 7 

located offshore. It is clear that for the inland locations, the further downstream, the less 

sediment returns to the harbour basins, especially to the landward basins such as Botlek, 

Pernis and Eem-Waalhaven. This is because near the port entrance, sediment can be 

transported into the sea and carried away by longshore currents. This is more difficult for the 

locations upstream since sediment can only move along the channel and most of it would 

remain in the system. The best candidate among the inland locations is óI5ô. It is worth noting 

that the pilot location investigated in WP1 (van Keulen et al., 2025) is in between locations óI3ô 

and óI4ô, which turns out to be the location that may lead to one of the highest sediment return 

percentages. 

 

For the offshore locations, the four most seaward locations (óO6ô, óO7ô, óO4ô (Verdiepte 

Loswal), and óO5ô) appear to be good options. This is due to the fact that tidal currents are 

mainly in the alongshore direction. Locations óO6ô and óO7ô give the lowest return percentages 

but they require longer sailing distances. The Verdiepte Loswal (óO4ô) may still be one of the 

best candidates among the offshore locations, as it is relatively close to the port entrance 

while the overall return percentage is relatively low.  

 

5.2 Sensitivity for tidal phasing 

In the sensitivity runs, sediment is either released during the favourable phases (ebb for the 

inland locations, flood for the offshore locations) in order to achieve more effective seaward 

transport, or released continuously independent from tidal phasing. As expected, releasing 

sediment during the optimized phases indeed give lower return percentage. This avoids the 

unfavourable inland transport to a certain extent. As can be seen in Table 5, the difference 

between near-surface and near-bed releases becomes larger when the release location 

moves from inland to offshore. This is because sediment retention is higher in more inland 

locations, making tidal phasing less influential. Further downstream, sediment can be 

affected by tidal currents in both ways and disperses more easily into the sea, making tidal 

phasing more critical. At the inland location in the Maasmond, releasing sediment without 

considering tidal conditions can increase the total return percentage by up to 1.5 times, while 

at offshore locations, the difference can be as much as 1.8 times. 
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5.3 Sensitivity for near-surface and near-bed release 

We have investigated both the effect of near-surface and near-bed sediment release. It is 

clear that in almost all the scenarios, releasing sediment near the surface results in lower 

return percentages compared to releasing sediment near the bottom.  

 

For the inland locations, density currents often happen near the bed and lead to landward 

transport. If sediment is suspended higher up in the water column, this could lead to larger 

seaward transport during the ebb phase.  

 

For the offshore locations, releasing near the surface could help sediment being dispersed 

into a larger area, hence reduce the concentration within the plume, whereas releasing near 

the bottom does not help with dispersion due to the smaller near-bed velocity in deeper 

water. 

 

5.4 Sensitivity for settling velocity 

Three sediment fractions with different settling velocities (2 mm/s, 1mm/s and 0.5 mm/s) have 

been tested in the sediment release scenarios. We observe that smaller settling velocities 

tend to result in further transport distance due to longer duration in suspension. For both 

inland and offshore locations, this means that the smaller settling velocity (e.g., 0.5 mm/s) 

can lead to lower overall concentration, hence lower residual sediment fluxes towards land. 

Consequently, the return percentage will be lower. 

 

5.5 Sensitivity for hydrodynamic forcing 

In this study, two periods are chosen, one in 2024 and the other in 2023. The hydrodynamic 

condition in each period is a combination of tide, wave, wind and freshwater discharge. We 

do not aim to separate the individual effects from these components. More importantly, we 

would like to investigate how sensitive the return percentage is to the hydrodynamic forcing. 

The difference in this return percentage between the two periods can be found in Figure 26. 

 

The major difference in the hydrodynamic forcing between 2023 and 2024 is the freshwater 

discharge. In 2023, the upstream discharge at Tiel was relatively low from July until early 

November (Figure 7). In contrast, May to August 2024 was considered as a wet year, with 

higher discharges observed at Tiel (Figure 6). There were two possible flush events, one was 

between 17 May and 27 May, and the other was between 01 June and 15 June. Afterwards, 

the discharge was stable until then end of the period. Compared to the upstream discharge, 

the hydrodynamic conditions in the North Sea only showed minor differences, although more 

storm events were observed from July to November 2023 compared to May to August 2024.  

 

Regarding the sediment returning to the landward basins, in general the return percentages 

are higher in 2023 (see upper panel of Figure 26), likely due to the lower freshwater 

discharges. The saline water can penetrate further inland, and hence the density currents 

may bring more sediment further upstream. It also can be seen that the influence is 

dependent on the distance between the release location and the upstream boundary. Larger 

increases can be observed for the more inland locations at óI2ô, óI3ô and óI4ô. The effect of 

different hydrodynamic forcing on the offshore locations appears to be limited. Note that the 

increase in the return percentage can be enhanced if the settling velocity is smaller. This is 

because finer sediment with a lower settling velocity can remain in suspension longer, hence 

can be transported further towards the landward basins during flood tide. 
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For the sediment returning to the seaward basins, it depends on the locations. If the release 

locations are upstream of the seaward basins, the lower freshwater discharge could lead to 

lower return percentage because more sediment is transported further landward. If the 

release locations are downstream of the seaward basins and not far away, the return 

percentages may increase due to more efficient landward transport. This means for these 

locations, reducing settling velocity may have better change to enhance the return 

percentage to the seaward basins. 

 

 
Figure 26. The interpolated return percentage difference to the landward (top) and seaward (bottom) channels 

and basins under the selected conditions (release near the surface during ebb tide, settling velocity ws = 1.0 

mm/s). Difference = values in 2023 ï values in 2024. 
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5.6 Comparison to the sensitivity study in WP1 

 

It is worth mentioning that a sensitivity study was also carried out in WP1 (van Keulen et al., 

2025). Herein the short-term influence of tidal phasing on the sediment release at the pilot 

location was investigated in detail. The results showed that the optimal time window for 

maximizing seaward transport is duringô mid-ebbô. Moreover, the effects of near-surface and 

near-bed release and settling velocities were also examined. Near-surface release always 

gave higher seaward transport, hence was preferable compared to near-bottom release. The 

influence of settling velocity was found to be dependent on the release method and local flow 

conditions. The optimal settling velocity for maximizing seaward transport varied with the 

specific combination of release method and flow conditions. Generally, a settling velocity of 2 

mm/s resulted in greater seaward transport for near-surface releases, whereas 1 mm/s was 

more effective for near-bottom releases. It should be noted that the comparison relied on 

cumulative transport across two transects situated east and west of the pilot location. This 

metric yielded conclusions that were not always consistent with those derived from the return 

percentage, calculated from combined return percentages in the seaward and landward 

basins. 

 

In the present sensitivity study in WP2, the focus is more about comparing the performance 

of each release location under different scenarios. Both WP1 and WP2 confirms the ebb tide 

is optimal, but WP2 does not restrict the release time window to ómid-ebbô, the release lasts 

longer (4 hours) during ebb phase compared to a much short release duration (2 min) 

modelled in WP1. Near-surface release is demonstrated more beneficial over near-bottom 

release, especially for the offshore release locations since sediment can be transported over 

longer distance and get more chance to be carried away from the Maasmond. The influence 

of settling velocity again shows dependency especially on the release location and location 

flow conditions. For the offshore locations and inland locations I3-I5, smaller settling velocity 

can lead to more dispersive transport and lower return percentage. For the most landward 

locations I1 and I2, in general the smallest settling velocity is favourable, but with near-bottom 

release, the largest settling velocity outperforms the rest in terms of exporting sediment to the 

sea. This again shows the complexity in how the settling velocity influences the seaward 

transport. 
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6 Conclusions and recommendations 

In this study, we investigated the influence of release locations on the fate of dredged 

sediment through a comparative modelling study. For a set of offshore and inland locations, 

we evaluated the return percentage towards seaward and landward basins, as detailed 

below.  

 

6.1 Effect of different factors on return percentages 

The study explores how varying factors, such as location (inland vs. offshore), release 

method (near-surface vs. near-bed), tidal phasing (ebb vs. flood), and sediment properties 

(settling velocity), affect sediment transport. Key findings are: 

 

Å Location: Offshore locations generally result in lower return percentages of sediment to 

the harbour basins compared to inland sites. 

o Among the offshore locations, points 'O6' and 'O7', located furthest from the 

port entrance, showed minimal return.  

o Among the inland locations, point 'I5', the most downstream location, showed 

the most efficient seaward transport.  

Å Release method: Releasing sediment near the surface typically leads to lower return 

percentages than near-bed releases. 

Å Tidal phasing: Optimized tidal phasing, releasing during ebb for inland and flood for 

offshore, minimizes sediment return. 

Å Sediment properties: Smaller settling velocities result in greater transport distances and 

lower return percentages due to longer suspension times. 

 

6.2 Recommendations 

To advance this study, several steps could be taken regarding the modelling approach: 

 

Å Increase model accuracy by validating against additional data. 

Å Extend the simulation period beyond three months to capture a more comprehensive 

range of hydro-meteorological conditions, thereby enhancing the understanding of their 

impact on return percentages. 

Å Expand the model domain to reduce the influence of boundary conditions on sediment 

transport, providing a more accurate representation of sediment dispersion. 

Å Investigate the effects of various hydrodynamic components, such as tides, waves, wind, 

and freshwater discharge, on sediment transport and fate in more detail. This could 

include model scenarios with synthetic forcing to distinguish the individual impacts of 

these factors. 

 

In addition, the findings from the scenario analysis provide insights into optimizing sediment 

release strategies by considering both the current distribution methods and practical 

limitations of different locations. The analysis confirms that the current release location 

(Verdiepte Loswal) remains a valid choice. Offshore locations generally lead to lower return 

percentages but involve the trade-off of increased sailing distances. This highlights the need 

for a balanced approach that considers both environmental and operational efficiency. 

Furthermore, the study suggests that additional measures, such as sediment traps or 
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alternative release methods (e.g., release near the surface), could enhance the effectiveness 

of inland releases when offshore disposal is impractical. 

 

For practical applications, a key recommendations is to conduct a cost-benefit analysis (CBA) 

of different distribution strategies, factoring in sailing distances and sediment return flows. 

This would help decision-makers assess the trade-offs between reducing return percentages 

and minimizing operational costs. Additionally, future strategies should explore optimized tidal 

phasing and targeted sediment properties (e.g., finer sediments near the surface during ebb) 

to further enhance efficiency. 
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Appendices 

A. Bed mass ratio (mass in bed compared to the total mass remaining in the 
domain) 

 

Table 11. The bed mass ratio (sum of bed mass in the seaward and the landward basins) derived from 2024 

simulations. The distance to the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 99.6 99.4 97.7 99.5 99.3 97.8 

I2 (21.8 km) 99.5 98.9 95.8 99.5 99.0 96.4 

I3 (26.7 km) 99.3 98.0 92.5 99.2 98.4 94.4 

I4 (32.3 km) 98.9 94.0 86.7 99.0 96.3 90.3 

I5 (40.3 km) 91.7 74.7 67.4 95.9 86.0 77.3 

O1 (45.3 km) 59.3 53.5 55.3 62.9 58.8 61.7 

O2 (42.7 km) 54.3 60.9 66.1 63.5 66.7 68.3 

O3 (45.6 km) 52.2 59.5 64.7 56.6 60.1 63.2 

O4 (48.8 km) 40.8 51.5 57.4 48.5 51.8 53.8 

O5 (50.4 km) 35.3 43.1 46.1 39.1 38.3 38.6 

O6 (51.1 km) 34.9 42.1 39.8 39.8 40.6 39.7 

O7 (52.4 km) 31.9 36.5 33.3 34.2 33.0 31.2 

I1 (17.3 km)       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 99.6 99.5 98.1 99.5 99.4 98.2 

I2 (21.8 km) 99.7 99.5 98.1 99.7 99.5 98.1 

I3 (26.7 km) 99.4 99.1 97.0 99.4 99.1 97.3 

I4 (32.3 km) 99.1 98.5 95.5 99.1 98.7 96.1 

I5 (40.3 km) 98.9 97.3 93.7 98.9 97.5 93.8 

O1 (45.3 km) 68.1 62.4 61.5 78.6 74.8 75.7 

O2 (42.7 km) 56.1 61.5 67.0 60.4 65.1 69.2 

O3 (45.6 km) 52.5 58.0 63.4 53.4 58.3 63.4 

O4 (48.8 km) 38.4 45.7 48.9 41.6 48.1 52.0 

O5 (50.4 km) 35.3 36.5 36.6 38.1 38.9 39.7 

O6 (51.1 km) 33.6 37.4 38.6 36.6 40.1 41.6 

O7 (52.4 km) 30.6 30.8 30.0 33.0 34.0 34.2 
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Table 12. The bed mass ratio (sum of bed mass in the seaward and the landward basins) derived from 2023 

simulations. The distance to the upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 98.8 98.6 97.6 98.7 98.6 97.8 

I2 (21.8 km) 99.2 98.5 96.5 99.3 98.8 97.1 

I3 (26.7 km) 99.0 98.0 94.7 99.2 98.5 95.9 

I4 (32.3 km) 98.9 96.2 91.8 99.2 97.5 94.0 

I5 (40.3 km) 95.2 86.6 82.5 97.6 92.3 87.7 

O1 (45.3 km) 63.5 67.5 73.3 70.3 71.6 75.8 

O2 (42.7 km) 56.8 71.3 80.3 67.5 77.7 81.7 

O3 (45.6 km) 60.7 69.9 76.0 62.8 69.8 75.0 

O4 (48.8 km) 46.4 59.1 69.9 49.5 57.6 64.8 

O5 (50.4 km) 38.3 50.3 61.9 41.3 48.5 56.2 

O6 (51.1 km) 39.5 51.0 60.5 41.0 49.6 57.1 

O7 (52.4 km) 33.9 44.5 52.9 35.2 43.2 50.0 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 98.6 98.4 97.6 98.5 98.5 97.8 

I2 (21.8 km) 99.3 98.9 97.8 99.4 99.1 98.1 

I3 (26.7 km) 99.2 98.7 97.0 99.4 99.0 97.5 

I4 (32.3 km) 99.2 98.4 96.1 99.3 98.7 96.7 

I5 (40.3 km) 99.1 97.5 94.9 99.2 97.9 95.3 

O1 (45.3 km) 69.5 70.4 72.6 81.4 81.0 82.4 

O2 (42.7 km) 59.2 71.6 79.9 63.7 74.8 81.2 

O3 (45.6 km) 60.4 69.0 75.4 60.9 68.5 74.3 

O4 (48.8 km) 42.6 51.6 59.5 45.4 54.4 61.6 

O5 (50.4 km) 37.7 45.2 52.7 40.0 47.6 54.2 

O6 (51.1 km) 36.8 45.0 53.1 38.3 46.8 54.7 

O7 (52.4 km) 32.5 39.6 46.5 33.8 42.0 49.4 
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Table 13. The bed mass ratio (in the landward basins) derived from 2024 simulations. The distance to the 

upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 94.6 91.9 81.0 95.4 93.0 82.8 

I2 (21.8 km) 80.8 78.7 66.5 89.1 85.1 72.1 

I3 (26.7 km) 60.6 65.0 51.5 72.6 72.6 58.1 

I4 (32.3 km) 47.6 47.0 35.9 57.0 60.0 48.1 

I5 (40.3 km) 17.6 18.0 15.1 29.6 31.6 24.2 

O1 (45.3 km) 4.9 8.0 8.4 5.3 9.0 9.5 

O2 (42.7 km) 4.7 9.3 10.1 5.2 10.0 10.3 

O3 (45.6 km) 4.2 8.9 9.6 4.6 9.0 9.3 

O4 (48.8 km) 3.1 7.7 8.3 3.6 7.2 7.3 

O5 (50.4 km) 2.6 6.2 6.3 2.8 5.3 5.2 

O6 (51.1 km) 2.6 6.0 5.3 3.0 5.7 5.3 

O7 (52.4 km) 2.3 5.1 4.4 2.5 4.5 4.2 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 95.0 93.2 83.7 95.5 93.8 84.8 

I2 (21.8 km) 92.5 90.5 81.0 93.8 91.9 82.8 

I3 (26.7 km) 76.8 78.0 69.0 82.3 82.8 73.3 

I4 (32.3 km) 57.8 68.3 61.4 60.6 71.4 64.7 

I5 (40.3 km) 41.3 52.7 48.9 43.6 54.9 49.7 

O1 (45.3 km) 6.6 10.6 10.4 8.6 14.1 14.3 

O2 (42.7 km) 4.7 9.3 10.3 4.9 9.8 10.6 

O3 (45.6 km) 4.2 8.7 9.4 4.2 8.9 9.6 

O4 (48.8 km) 2.9 6.5 6.5 3.1 6.8 6.9 

O5 (50.4 km) 2.5 5.1 4.8 2.8 5.4 5.3 

O6 (51.1 km) 2.4 5.2 5.1 2.7 5.6 5.5 

O7 (52.4 km) 2.2 4.2 3.9 2.4 4.7 4.5 
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Table 14. The bed mass ratio (in the landward basins) derived from 2023 simulations. The distance to the 

upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 98.6 97.4 92.0 98.5 97.9 93.7 

I2 (21.8 km) 91.0 87.7 79.8 95.7 92.6 85.4 

I3 (26.7 km) 72.9 75.6 65.7 82.2 81.9 71.9 

I4 (32.3 km) 61.4 60.4 50.6 69.2 71.5 62.8 

I5 (40.3 km) 28.5 27.8 25.5 41.1 41.9 36.7 

O1 (45.3 km) 7.9 13.3 16.0 9.3 14.4 16.5 

O2 (42.7 km) 7.0 14.4 18.3 8.3 15.2 17.7 

O3 (45.6 km) 8.6 15.0 17.5 8.7 14.7 16.8 

O4 (48.8 km) 6.2 12.3 15.7 6.6 11.6 14.0 

O5 (50.4 km) 5.1 10.3 13.5 5.5 9.6 11.9 

O6 (51.1 km) 5.3 10.3 13.0 5.5 10.0 12.3 

O7 (52.4 km) 4.6 9.0 11.4 4.8 8.7 10.8 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 98.5 97.9 94.8 98.4 98.1 95.3 

I2 (21.8 km) 98.8 97.6 93.5 99.0 98.1 94.3 

I3 (26.7 km) 85.2 86.2 81.3 89.4 89.9 84.5 

I4 (32.3 km) 69.4 77.2 73.6 72.3 80.1 76.3 

I5 (40.3 km) 51.6 60.4 59.7 54.9 63.5 61.4 

O1 (45.3 km) 10.3 15.7 17.4 13.3 19.6 21.3 

O2 (42.7 km) 7.3 14.2 17.9 7.8 14.6 17.8 

O3 (45.6 km) 8.6 14.9 17.4 8.5 14.7 17.1 

O4 (48.8 km) 5.7 10.5 13.0 6.0 10.9 13.1 

O5 (50.4 km) 5.1 9.2 11.5 5.3 9.5 11.5 

O6 (51.1 km) 5.0 9.3 11.7 5.1 9.5 11.9 

O7 (52.4 km) 4.4 8.2 10.3 4.6 8.6 10.9 

 

  



 

 

 

57 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

Table 15. The bed mass ratio (in the seaward basins) derived from 2024 simulations. The distance to the 

upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 5.0 7.5 16.7 4.1 6.2 15.0 

I2 (21.8 km) 18.6 20.2 29.2 10.4 13.9 24.2 

I3 (26.7 km) 38.6 33.0 41.0 26.7 25.8 36.3 

I4 (32.3 km) 51.3 47.1 50.8 42.0 36.3 42.2 

I5 (40.3 km) 74.1 56.7 52.3 66.3 54.3 53.1 

O1 (45.3 km) 54.4 45.5 46.9 57.6 49.8 52.2 

O2 (42.7 km) 49.6 51.6 56.0 58.3 56.7 57.9 

O3 (45.6 km) 48.1 50.6 55.1 51.9 51.2 53.9 

O4 (48.8 km) 37.7 43.8 49.0 44.9 44.5 46.4 

O5 (50.4 km) 32.7 37.0 39.8 36.3 33.0 33.4 

O6 (51.1 km) 32.3 36.1 34.5 36.9 34.9 34.4 

O7 (52.4 km) 29.6 31.4 28.9 31.8 28.5 27.1 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 4.6 6.3 14.4 4.0 5.6 13.4 

I2 (21.8 km) 7.2 9.1 17.1 5.9 7.6 15.3 

I3 (26.7 km) 22.7 21.1 28.0 17.2 16.3 24.0 

I4 (32.3 km) 41.4 30.3 34.1 38.5 27.2 31.4 

I5 (40.3 km) 57.7 44.7 44.7 55.3 42.6 44.0 

O1 (45.3 km) 61.6 51.8 51.1 70.0 60.7 61.5 

O2 (42.7 km) 51.4 52.2 56.7 55.5 55.3 58.6 

O3 (45.6 km) 48.3 49.3 54.0 49.1 49.4 53.8 

O4 (48.8 km) 35.5 39.2 42.4 38.5 41.3 45.1 

O5 (50.4 km) 32.7 31.4 31.8 35.3 33.5 34.4 

O6 (51.1 km) 31.1 32.2 33.5 33.9 34.5 36.1 

O7 (52.4 km) 28.4 26.6 26.1 30.6 29.3 29.7 

 

 

  



 

 

 

58 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

Table 16. The bed mass ratio (in the seaward basins) derived from 2023 simulations. The distance to the 

upstream boundary is indicated next to the name of the release location. 

 
Release 
location 

top_optimized
_phasing_IM1 

top_optimized
_phasing_IM2 

top_optimized
_phasing_IM3 

top_tide_inde
pendent_IM1 

top_tide_inde
pendent_IM2 

top_tide_inde
pendent_IM3 

I1 (17.3 km) 0.2 1.2 5.6 0.2 0.7 4.0 

I2 (21.8 km) 8.2 10.9 16.7 3.5 6.2 11.8 

I3 (26.7 km) 26.1 22.4 29.0 17.0 16.6 24.0 

I4 (32.3 km) 37.5 35.8 41.3 29.9 26.0 31.2 

I5 (40.3 km) 66.7 58.7 57.0 56.5 50.3 51.0 

O1 (45.3 km) 55.6 54.1 57.3 61.1 57.3 59.3 

O2 (42.7 km) 49.7 56.9 62.1 59.2 62.5 64.0 

O3 (45.6 km) 52.1 54.9 58.6 54.0 55.1 58.2 

O4 (48.8 km) 40.2 46.8 54.2 42.9 46.0 50.8 

O5 (50.4 km) 33.1 40.0 48.4 35.9 38.9 44.2 

O6 (51.1 km) 34.2 40.7 47.5 35.5 39.6 44.9 

O7 (52.4 km) 29.3 35.5 41.4 30.5 34.4 39.2 

       
Release 
location 

bot_optimized
_phasing_IM1 

bot_optimized
_phasing_IM2 

bot_optimized
_phasing_IM3 

bot_tide_inde
pendent_IM1 

bot_tide_inde
pendent_IM2 

bot_tide_inde
pendent_IM3 

I1 (17.3 km) 0.2 0.5 2.8 0.1 0.4 2.5 

I2 (21.8 km) 0.5 1.3 4.3 0.3 0.9 3.7 

I3 (26.7 km) 14.0 12.6 15.7 9.9 9.1 13.0 

I4 (32.3 km) 29.9 21.2 22.6 27.0 18.6 20.3 

I5 (40.3 km) 47.5 37.1 35.2 44.3 34.3 33.9 

O1 (45.3 km) 59.3 54.7 55.2 68.1 61.4 61.1 

O2 (42.7 km) 51.9 57.4 62.0 56.0 60.2 63.4 

O3 (45.6 km) 51.8 54.1 58.0 52.4 53.7 57.2 

O4 (48.8 km) 36.9 41.1 46.5 39.4 43.4 48.5 

O5 (50.4 km) 32.6 36.0 41.2 34.7 38.1 42.7 

O6 (51.1 km) 31.8 35.7 41.4 33.2 37.3 42.8 

O7 (52.4 km) 28.1 31.4 36.2 29.3 33.4 38.5 
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B. The return percentages in each mass balance zone for the 2024 
simulations (optimized tidal phasing) 

 

 
Figure 27. The return percentages from location óI1ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 28. The return percentages from location óI2ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 
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Figure 29. The return percentages from location óI3ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 30. The return percentages from location óI4ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 
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Figure 31. The return percentages from location óI5ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 32. The return percentages from location óO1ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 
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Figure 33. The return percentages from location óO2ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 34. The return percentages from location óO3ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 



 

 

 

63 of 71  Modelling alternative strategies for the release of dredged sediment 

11208811-005-ZKS-0001, 28 May 2025 

 
Figure 35. The return percentages from location óO4ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 36. The return percentages from location óO5ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 
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Figure 37. The return percentages from location óO6ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

 
Figure 38. The return percentages from location óO7ô to each mass balance zone in 2024. Colour indicates 

different sediment settling velocity: blue ï 2 mm/s, orange ï 1 mm/s, and green ï 0.5 mm/s. 

 

  




