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1. PIPELINE FOR DISPOLSAL SOFT SOILS 

The goal of this report is to provide an estimate of the required power for silt transport by pipeline 
compared to silt transport in the hopper of a ship to a disposal location.  
 
The required power for pumping a mixture is calculated by calculating the frictional head loss in the 
pipeline for several densities, rheology and mixture velocities. As reference for the calculations the IHC 
handbook is used (C.H.van der Berg 2013). The results include operational requirements as cleaning 
pipeline with water after each discharge and an estimate for the power requirement of positioning at a 
connection point and keeping position on own power while discharging.  
 
The break even with sailing and bottom door dumping on spot is calculated by a modeled average 
vessel based on several vessels of Boskalis, Van der Kamp and Van Oord which seem suitable for 
dredging works in Rotterdam port. The required power for sailing and dumping for various pipeline 
length is derived from the modelled average ship.  
 
The connection point of the sinkerline is chosen nearby Hoek van Holland beach near the shoreside of 
the north breakwater of the Rotterdam port entrance. For these calculations a sinkerline with a diameter 
of 800mm is used. For discharging is assumed no further diluting of the mixture from hopper to pipeline.  
At this location it is possible to connect a TSHD to the pipeline. The breakwater provides shelter for 
installation of the first 4.0km of the sinker. From the end of the breakwater the sinker direction changes 
towards the disposal grounds Verdiepte Loswallen. After a total of 10km of sinkerline the pipeline ends 
between disposal boxes VLW 6 and VLW 7.  
 

Overview location 

 
   Figure 1 Overview connection point 

 
   Figure 2 Profile sinkerline 
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2. MODELING OF THE MIXTURE FLOW 

2.1. Sand mixture 
As the likelihood of sand in the dredged mixture is high, for reference an estimate is made of the effect 
of a 100% sand mixture in the pipeline is modelled. The sand slurry in this case is transported as a 
stratified mixture.  
 
Parameters used 

 
Table 3 Parameters sand mixture 

 

2.1.1. Grain size 
By using the grain size distribution charts of the Verdiepte Loswallen provided with the Tenders OHB 
Perceel 3 and OHB Perceel 4 the d50, d85 and dmf are calculated. The grainsize distribution is 
visualized below. 
 
 
 

 
Table 4 Grainsize distribution 
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2.1.2. Critical Velocity 
The critical velocity of the mixture is calculated by the next equation 

  
Equation 5 Critical Velocity 

In which the Cvd concentration is calculated as follows 
 

 
Equation 6 Concentration 

2.1.3. Frictional Head loss 
The friction head losses are calculated by using Wilsons equation 
 
 
 
Equation 7 Wilsons equation for V50 

The internal friction is calculated by using the following equation. For Vm the Vcritical is used.  

 
Equation 8 Internal friction head 

M is calculated as follows 
 
 
 
Equation 9 Determining value M 
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The equations result in following graph visualizing the delta pressure required a specific pipeline length 
for the sand mixture.  
 

 
Figure 10 Required pressure difference for various pipeline length. 
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2.2. Clay/silt slurry (Pseudo homogeneous mixture) 
For the modelling of pressure loss in a clay/silty homogeneous mixture it is assumed that no further 
diluting from hopper to pipeline occurs. Moreover, it is assumed that the mixture consisting of Caland silt 
can be modeled as a (pseudo) homogeneous mixture. As model input (i.e., material properties: density, 
Bingham yield stress and dynamic viscosity of Caland canal) the findings of APK Goda (2021) and or 
Erwin ten Brummelhuis (2021) could be used. The following table shows the results of both studies. The 
findings of APK Goda will result in more favorable conditions for discharging through the pipeline and 
will therefor be used in this report. 
 

 
Table 11 Results of rheology studies of Goda vs Brummelhuis 

In the table below, the rheological parameters of mud from Caland canal is listed as reported in the 
study “Sailing through the fluid mud” by APK Goda at TU Delft (2021).  To estimate the pressure loss in 
the presence of clay/silty mixture, our calculations includes two different flow regimes namely laminar 
and turbulent flow in the pipe. The flow regime is mainly a function of flow mixture velocity, density and 
rheology of the mixture. In the next subsections we estimate the pressure loss in the pipeline of various 
length for Caland canal mud.  
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Table 12 Parameters for homogeneous mixture 

2.2.1. Laminar – turbulent threshold 
Although pumping a mixture at laminar velocities is not recommended mainly due the risk of unstable 
process in the pipeline. For calculation of the critical velocity the formula below is used. Above the 
threshold value the mixture is assumed turbulent.  
 

  
Equation 13 Threshold velocity turbulent 

The threshold velocities for different mixture densities and rheology reported by A. Goda is listed in the 
table below . 

  
Table 14 Threshold velocity for mixture densities 
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2.2.2. Laminar flow 
In order to calculate the Reynolds number for the laminar flow the following equation is used. 

 
Equation 15 Reynolds number 

 
The equation for the friction coefficient is calculated by: 

 
 
Equation 16 Friction coefficient 

The friction head loss is calculated by the next equation. 

 
Equation 17 Friction head loss 

The results for these equations are provided in the following table. 

 
Table 18 Results Reynolds number, Friction coefficient and Friction head loss 

The equations result in following graph visualizing the pressure difference required for various pipeline 
length. 
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Figure 19 Required pressure difference for various pipeline length of a laminar flow. 
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2.2.3. Turbulent flow 
In order to calculate the Reynolds number the same equation is used as for the laminar flow. 
 

 
Equation 20 Reynolds number 

 

 
Equation 21 Hedstrom 

 
The equation for the friction coefficient is derived from the equation for the friction coefficient for laminar 
flow.  

 
Equation 22 Approximated Friction coefficient turbulent flow 

The friction head loss is calculated by the next equation. 

 
Equation 23 Friction head loss 

By this, the only difference in laminar and turbulent flow is caused by less friction in the flow and a 
difference in the velocity of the mixture.  
 

 
Table 24 Results Reynolds number, Friction coefficient and Friction head loss for a turbulent flow 
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The equations result in following graph visualizing the pressure difference required for various pipeline 
length. 

 
Figure 25 Required pressure difference for various pipeline length 

 

2.3. Cleaning pipeline 
At the end of each discharge the pipeline needs to be cleaned. Based on the mixture velocity the 
cleaning time using water is calculated for each length. The maximum cleaning time is set on 15 
minutes. By prolonged stops of discharging the cleaning time will increase in order to clean the pipeline 
more thoroughly. 
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Figure 26 Cleaning pipeline 

2.4. Discharging by average vessel 

2.4.1. Utilizable discharge diameter 
The vessels used to determine the Average vessel are all suited for discharging in an 800mm pipeline. 
Smaller diameters are possible but vessels should performe better on a suiting 800mm diameter 
pipeline. Larger diameters will strongly depend on vessel capabilities and layout.  
 

2.4.2. Discharge time 
 
By combining the discharge and cleaning times the total time for discharge by pipeline is calculated. 
Separately the sailing & dumping time per distance is calculated.  
 

 
Figure 27 Discharge time pipeline without cleaning. 
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3. MODELING AVERGAE SHIP 

3.1. Base vessels 
Based on the publicly available information the following table is composed. As not all data is commonly 
available some numbers are derived from the averege of the other vessels in the pool. The numbers 
highlighted in blue in this table are derived from the average value for the Thruster power / Total 
installed power.  
 
The column Pthurst / m2 wet frontal surface is used to determine an average required thruster power to 
propel a vessel to the max sailing velocity. By correcting available thruster power for differences in max 
sailing speed loaded, draft and breadth an average value is determined. Using a Holtrup calculations 
would provide a more accurate power to m2 value, however this would require detailed information of all 
vessels and plenty of computing time.  
 

 
Table 28 Base vessels and average vessel 

 
By using the Thruster power / m2 an average power requirement for the thrusters for any draft and 
breadth can be computed. The next graph visualizes the Pthruster/m2 factor for several vessels.  

 
Figure 29 Pthruster / m2 frontal surface. 
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3.2. Average vessel  
Based on the average values and calculations for required thruster power the average vessel is 
determined with the following parameters. The velocity for sailing empty is assumed as sailing velocity 
loaded + 1 knt.  
 
The average vessel is determined based on the following dimensions: 

 Hoppervolume = average base vessels 
 Breadth = average base vessels  
 Dredging draft = average base vessels 
 Vloaded = average base vessels 

 

 
Table 30 Parameters average vessel 

3.2.1. Power in cycle 
Based on the required power on thrusters for the max sailing speed and time required for sailing the 
distance the following graph is composed. Dumping is dimensioned as 50% max thruster power, 
acceleration is calculated as 5min additional time per distance.  

 
Figure 31 Cycle time and required power average vessel 



 

24 July 2024 
19/23 

 

 
 
 

 
Figure 32 Discharge time pipeline and sailing & dumping. 

Due to the assumption that no diluting between hopper and pipeline occurs the discharge times for the 
modelled silt densities results in equal discharge times. 
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4. RESULTS 

4.1. Pumping mixture compared to sailing & dumping 
 
The discharge power is calculated by the following equations.  
 

 
Table 33 Estimate of required pump power 

In order to calculate the required power for discharging is calculated by multiplying the duration of 
discharge [min] / 60 * calculated power on shaft of the pump in [kWh]. 
 

 
Figure 34 Required power pumping mixture vs sailing & dumping 
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In more detail figure 34. Depending the density of the mixture and the mixture velocity the break even for 
silt is found between approximately 1000m1 and 3000m1 of discharge length for the dimensioned 
densities.  

 
 

Figure 35 Detail required power pumping mixture vs sailing & dumping 

If assuming no further diluting in the hopper before discharging by pump, the modeled discharge lines of 
mixture density approx. 1191 kg/m3 is considered a real situation. Based on power requirement, 
transporting the silt mixture in ship to disposal area is profitable for transport distances above 2000m1.  
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4.2. Pumping mixture & Positioning compared to sailing & dumping 
If considered that at the connection to the pipeline location no mooring facilities are made, the 
discharging vessel will require power on thrusters to keep in position. As an estimate of the impact of 
this positioning power on the breakeven point, the power required for positioning is calculated based on 
following formula’s.  
 

 
Table 36 Required power for positioning 

 
Combining the required power for positioning and discharging results in following graphs. 
 

 
Figure 37 Required power pumping mixture & positioning vessel vs sailing & dumping  
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In more detail figure 36, when opting for mixture transport by pipeline a mooring facility will reduce the 
required power on the thrusters by approx. 1000kw/hr for the dimensioned vessel. Without mooring 
facility there is no breakeven point compared to sailing and disposal by dumping silt material. Sailing 
and disposal of the material by bottom door dumping consumes less power as pumping in a pipeline.  
 
 

 
Figure 38 Detail required power pumping mixture & positioning vessel vs sailing & dumping  

4.3. Additional pipeline diameters 
 
All models have been computed as well for pipeline diameters of 1000mm and 600mm resulting in the 
following table. A 600mm pipeline diameter does result in less power required for pumping the mixture, 
but still sailing and disposal through the bottom doors is still more efficient for distances > 5000m1.  
 

 
Figure 39 Power requirement different pipeline diameters 

 


